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Abstract We aimed to characterize the independent
predictors of LVT following STEMI and the association
with outcomes. The clinical predictors of left ventricular
thrombus (LVT) formation after ST-segment elevation
myocardial infarction (STEMI) are not well-defined in the
contemporary era. We performed a retrospective analysis
of STEMI patients at Duke from 2000 to 2011 who had a
transthoracic echocardiogram within 90 days post-STEMI
and compared patients with and without LVT (LVT+ vs.
LVT-). Univariate Cox proportional hazards regression
models of baseline characteristics were examined and
significant variables were used in a multivariable model to
assess adjusted relationships with LVT. A multivariable
Cox PH survival model with covariate adjustments was
used for assessment of LVT and long-term mortality. Of all
eligible patients, 1734 patients met inclusion criteria and
4.3 % (N = 74) had a LVT. LVT+ patients tended to have
a history of heart failure (HF) and higher initial troponin
compared to LVT- patients. After adjustment, higher heart
rate, non-white race, HF severity, and presence of left
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anterior descending artery (LAD) disease were independent
predictors of LVT. There was a trend toward an association
between LVT and increased all-cause mortality (HR 1.36;
95 % CI 0.84-2.21, P = 0.22), however this was not sta-
tistically significant. LVT was seen in over 4 % of this
contemporary post-STEMI population. Several baseline
characteristics were independently associated with LVT:
Heart rate, HF severity, LAD disease, and non-white race.
Prospective studies are warranted to determine whether
anticoagulation in patients at increased risk for LVT
improves outcomes.
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Abbreviations
LVT Left ventricular thrombus
HF Heart failure

AMI Acute myocardial infarction

STEMI ST-segment elevation myocardial infarction
TTE Transthoracic echocardiogram

PCI Percutaneous coronary intervention

EF Ejection fraction

IQR Interquartile range

DDCD Duke Databank for Cardiovascular Disease
Introduction

Left ventricular thrombus (LVT) formation following acute
myocardial infarction (AMI) is associated with increased
morbidity and possibly mortality [1, 2]. The reports of LVT
prevalence post-AMI vary markedly in the literature. For
instance, data from the pre-percutaneous intervention (PCI)
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era demonstrated a prevalence ranging from 7 to 46 % [3—
7], while data in the PCl-era suggest a prevalence ranging
from 2.5 to 15 % [8-14]. Anterior myocardial infarction,
reduced ejection fraction (EF) and larger infarct size have
previously been identified as predictors of LVT formation
[9-15]. However, beyond these variables, few other pre-
dictors have been identified in the present era.

Given the limited data available related to LVT in the
contemporary, primary-PCI era, we aimed to evaluate the
prevalence and outcomes associated with LVT formation
post-AMI at a large tertiary care hospital. A secondary aim
was to identify independent predictors of LVT formation
post-AMI. We hypothesized that the prevalence of LVT
formation would be on the lower-end of recently reported
rates and that additional predictors of LVT formation, such
as administration of post-AMI evidenced-based medica-
tions and the presence of comorbidities, would be identi-
fied. We also hypothesized that the presence of LVT post-
STEMI would be associated with higher mortality in con-
trast to previous acute coronary syndrome cohorts which
included patients with non-STEMI.

Methods
Study population

We performed a retrospective analysis of patients that
underwent cardiac catheterization for ST-segment eleva-
tion MI (STEMI), from January 2000 through December
2011 at Duke University Medical Center (DUMC). Patients
were identified within the Duke Databank for Cardiovas-
cular Disease (DDCD), an ongoing databank of all patients
who undergo diagnostic cardiac catheterization at DUMC
[16]. In order to document the presence or absence of LVT
within 90 days following STEMI, we merged these data
with the Duke Echocardiography database, which is an
ongoing database of all patients that receive an echocar-
diogram at DUMC [17]. Patients in whom LVT was
detected were compared with patients without LVT.
Patients were excluded from analysis if they had pri-
mary valvular heart disease (defined as severe aortic or
mitral insufficiency or severe stenosis of any heart valve),
congenital heart disease, acquired immunodeficiency syn-
drome, metastatic cancer, or underwent CABG within
90 days of AMI. Remaining patients were excluded if they
did not have a STEMI (i.e., those with non-STEMI or
inadequate MI diagnosis). The patients with NSTEMI were
excluded given lower likelihood of LVT formation in this
patient population. Patients were included in the present
analysis if they received a post-AMI TTE within 90 days
of left heart catheterization. Data from the index catheter-
ization were prospectively collected as part of routine
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patient care and compiled into the DDCD database. Given
the limited number of patients with STEMI that did not
undergo PCI and due to the confines of the database, only
those that underwent catheterization were included in the
analysis. Baseline clinical variables for each patient were
stored in the DDCD using methods previously described
[16]. Follow-up was obtained through self-administered
questionnaires, with telephone follow-up of non-respon-
ders. Patients not contacted through this mechanism had
vital status determined through a search of the National
Death Index [18]. Death, stroke and acute MI were deter-
mined using methods previously described [16]. No
extramural funding was used to support this work. The
authors are solely responsible for the design and conduct of
this study, all study analyses, the drafting and editing of the
paper, and its final contents.

Study definitions

Acute STEMI was diagnosed by electrocardiogram chan-
ges consistent with STEMI along with associated symp-
toms of ischemia, peri-PCI cardiac biomarkers, and
coronary angioplasty findings as used in previous analyses
and consistent with current guidelines [12, 19-22]. LVT on
TTE was identified using at least 2 views, typically long
and short-axis views with or without an echocardiographic
contrast agent. TTE images were read by a consensus of 2
experienced readers. Based on previous studies, LVT was
defined as an “echo-dense mass” located in the LV cavity
with “distinct margins” that are clearly differentiated from
artifact or papillary muscles, but thought to be contiguous
with the endocardium [9, 11, 13, 23, 24].

Endpoints

The primary end-point was the presence of LVT on TTE
within 90 days of STEMI. The secondary end-point was
long-term all-cause mortality.

Statistical methods

Baseline characteristics are described with medians and
interquartile ranges (IQRs) for continuous variables and
percentages for discrete variables in patients with versus
those without LVT. These characteristics were compared
using the Wilcoxon rank sum test for continuous variables
and Chi square tests for categorical variables unless
otherwise noted.

Univariate Cox proportional hazards regression models
of baseline characteristics were examined and significant
variables were included in a multivariable model to assess
adjusted relationships with LVT within 90 days. Variables
with p < 0.1 in the unadjusted setting and those thought to
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have clinical importance were candidates for selection into
the final model. Stepwise and backwards elimination
techniques were examined for the final multivariable
model. Using a landmark view at 90 days, a multivariable
Cox Proportional Hazards survival model with covariate
adjustments was used for assessment of the relationship of
LVT and long-term mortality. A comprehensive set of
covariates was used for the adjustment analysis based on
clinical relevance and data from previous investigations
[25]. A p value of <0.05 was used to indicate statistical
significance for all comparisons. Statistical analyses were
performed independently by the Duke Clinical Research
Institute (Durham, North Carolina) using SAS version 9.2
(SAS Institute Inc., Cary, North Carolina). The protocol
was performed under the oversight of the Duke University
institutional review board.

Results

Baseline characteristics of patients with and without LVT
are presented in Table 1. Of all eligible patients, 1734
patients met inclusion criteria and 4.3 % (n = 74) had an
LVT detected on TTE within 90 days following STEMI
(Fig. 1). Median time to TTE from left heart catheteriza-
tion was 3 days (Q1: 1 day, Q3: 20 days, mean: 15). LVT
was detected in 48 of the 1261 patients (3.8 %) that had a
PCI performed as compared with 26 patients (5.5 %) of the
473 that did not have any PCI performed (p = 0.086).
Dividing the data into two-year subsets, LVT prevalence
declined in recent years as follows: 7.4 % in 2001-2002,
7.3 % in 2003-2004, 2.9 % in 2005-2006, 3.0 % in
2007-2008, 3.3 % in 2009-2010 and 4.1 % in 2011.
Adjusting for year of cardiac catheterization did not change
the relationships of the baseline variables associated with
the development of LVT. When monitoring for resolution
of LVT on follow-up TTE, 24 % (18 pts) had resolution of
a prior detected LVT within 90 days, 34 % within
180 days, and 43 % resolved within one year of detection.

Among patients diagnosed with a LVT, there was a
greater proportion of non-white race, history of HF prior
to STEMI, higher heart rate, lower EF, more significant
LAD disease, and higher troponin levels compared with
patients without LVT. There was no difference between the
LVT and non-LVT groups with respect to the use of evi-
dence-based post-AMI and HF medications, including
ACE-inhibitors and beta-blockers. The diagnosis of LVT
was less likely in those taking clopidogrel, but more likely
in those taking diuretics on presentation. There was no
significant difference between rates of echocardiography
contrast use in the LVT (8.2 %) versus no LVT (7.2 %)
patient groups (p = 0.7).

Using Cox Proportional Hazards time to event methods,
the multivariable model for LVT within 90 days was
reduced to 4 significant variables and a fifth borderline
significant variable. The c-index for our final model was
0.73. Independent predictors of LVT formation are pre-
sented in Fig. 2. The strongest association with LVT in the
Cox model was heart rate (p = 0.0003), followed by race
(p = 0.0004). The presence of LAD disease was also
associated with an increased risk in LVT formation with a
hazard ratio (HR) of 8.17 (95 % confidence interval (CI),
(2.00-33.32), p = 0.003). Additional independent predic-
tors of LVT were HF severity (HR 1.26; 95 % CI
1.03-1.53) and non-white race (HR 2.32; 95 % CI 1.46-
3.68). Despite the association with LAD disease, there was
not a difference in LVT detection based on the
degree/severity of CAD detected.

Using a landmark analysis at 90 days, the unadjusted
relationship between LVT and mortality was not significant
(Fig. 3). This remained true after adjusting for age, history
of HF, heart rate, Charlson Comorbidity Index (removing
HF and MI in order to be examined as covariates), gender,
PCI in prior 90 days, history of peripheral vascular disease,
cerebrovascular disease, diabetes mellitus, hyperlipidemia,
hypertension, smoking, BMI, CAD severity, creatinine,
hemoglobin, and BUN (LVT HR = 1.36, 95 % CI
0.84-2.21, p = 0.22). One hundred seventy-four patients
died during the first 90 days and were not used in the long-
term survival assessment. While there was a trend toward
an association between LVT and increased all-cause mor-
tality, statistical significance was not achieved.

Discussion

In a contemporary cohort of post-STEMI patients, we
found that the prevalence of LVT formation within 90-days
was 4.3 %. Several baseline characteristics such as heart
rate, HF severity, LAD disease, and non-white race were
independently associated with LVT. There was a trend that
did not reach statistical significance toward an association
between LVT and increased all-cause mortality (HR 1.36;
95 % CI 0.84-2.21, p = 0.22). These data support and
extend previous research by documenting the prevalence
and independent predictors of LVT formation in a large
cohort of patients at a tertiary care hospital over more than
10 years.

This study supports a lower prevalence of LVT post-
STEMI in the modern era compared with earlier studies. In
order to assess for a change in the incidence of LVT for-
mation and predictors over time, we divided the data into
two-year groups (2001-2002, 2002-2003, etc.). There was
a trend towards lower LVT detection over time (average
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Table 1 Baseline

characteristics based on the Characteristic LVT Present P values
presence or absence of left No (N = 1660) Yes (N = 74)
ventricular thrombus within
90 days of STEMI Age (years) 61 (51-71) 60 (51-66) 0.23
Male 65 % 76 % 0.075
Race 0.007
White 72 % 54 %
Black 22 % 37 %
Other 6 % 9 %
History of cigarette smoking 39 % 41 % 0.79
History of chronic HF 11 % 21 % 0.014
HF Severity 0.025
None—Class I 94 % 88 %
Class TI-1IT 3% 4 %
Class IV 3% 8 %
BMI (kg/m?) 28 (25-31) 27 (25-30) 0.51
Heart rate (beats/min) 78 (66-92) 90 (76-104) <0.001
Ejection fraction (%)* 49 (40-59) 34 (27-45) <0.001
Prior Myocardial Infarction 13 % 10 % 0.35
Significant LAD disease® 80 % 97 % <0.001
Significant RCA disease 68 % 52 % 0.007
Significant LCX disease 63 % 59 % 0.55
Significant LM disease 11 % 7 % 0.31
Number of diseased vessels on LHC 0.92
0 vessels 6 % 3%
1 vessels 35 % 32 %
2 vessels 28 % 38 %
3 vessels 32 % 27 %
History of peripheral vascular disease 6 % 5% >0.999
History of cerebrovascular disease 5% 10 % 0.19
Diabetes 20 % 22 % 0.74
Hyperlipidemia 44 % 43 % 0.92
Hypertension 57 % 51 % 0.35
Charlson index > 2 10 % 7 % 0.40
ACE inhibitor 90 % 96 % 0.11
Angiotensin receptor blocker (ARB) 10 % 7 % 0.38
Beta-blocker 98 % 96 % 0.26
Calcium channel blocker 32 % 28 % 0.54
Diuretic 63 % 81 % 0.002
Clopidogrel 86 % 74 % 0.012
BUN (mg/dL) 15 (11-21) 17 (11-21) 0.31
Creatinine (mg/dL) 1.0 (0.9-1.2) 1.1 (0.9-1.3) 0.35
Hemoglobin (g/dL) 13 (12-15) 13 (12-15) 0.77
Platelets (x10°) 220 (180-269) 220 (181-279) 0.89
Prothrombin time 13 13.6 0.006
Troponin (ng/mL) 1.1 (0.3-3.4) 2.2 (0.4-7.9) 0.006
CK-MB (ng/mL) 21 (5-96) 35 (6-155) 0.097
LDL cholesterol (mg/dL) 111 (82-137) 102 (75-122) 0.35

% Obtained from echocardiogram and LHC reports

® Significant stenosis indicates > or =50 % stenosis on index catheterization

HF indicates he art failure, BMI body mass index, PCI percutaneous coronary intervention, RCA right
coronary artery, LCX left circumflex coronary artery, LM left main coronary artery, LHC left heart
catheterization, BUN blood urea nitrogen, Ck-MB creatinine kinase MB isoenzyme, LDL low-density
lipoprotein, HDL high-density lipoprotein
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Fig. 1 Study patient
population. Pts indicates

Patients (Pts) with cardiac catheterization from 2000-2011

(N = 63,374)
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DVT deep vein thrombosis;
CABG coronary artery bypass

—>| Excluded: Congential or valvular heart disease, malignancy,
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grafting; LHC left heart

Excluded: I
e Pts without STEMI (N = 56,531)
* Pts with CABG within 90 days of or prior to LHC (N = 65)
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!
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Fig. 2 Multivariable predictors of LV thrombus formation within
90 days post-STEMI

incidence of 7.3 % in years 2001-2004 vs. 3.3 % from
2005 to 2011). This change in incidence over time may be
attributable to more prompt and complete reperfusion
interventions as well as advancements and more consistent
use of evidence-based STEMI treatments. However, our
analysis did not show any clear association between the use
of evidence-based heart failure medications and LVT
detection as discussed below. Despite the change in inci-
dence of LVT over time, the predictors of LVT formation
remained consistent during the study period.

Although the incidence of LVT formation in STEMI
patients is modest, the overall number of patients who
experience this complication may be substantial given that
77 out of 100,000 patients in the US have a STEMI
annually and 41 % of first acute MI events in a European
and US registry were STEMI [26-28]. This risk is signif-
icant given one American has a coronary event every
34 seconds, according to 2014 AHA statistical update [29].

The variability in detection rates in previous studies,
especially in the earlier studies, is likely due, in part, to the
different treatments utilized in the thrombolysis and pre-
PCI era. Although there was a trend toward lower LVT
detection within the patients that underwent PCI compared
to those that did not, this difference did not reach statistical
significance. Interestingly, the largest study thus far
(GISSI-3) evaluating the risk of LVT formation following
AMI also reported a lower prevalence rate of approxi-
mately 5 % [8]. An additional component of variability in
the reported prevalence rates of LVT post-AMI can further
be explained by undetected LVT formation following
hospital discharge [12, 30]. Previous studies have sug-
gested that late LVT formation risk is significant, with
more than 40 % of all post-AMI LVT detected following
discharge [5, 10]. Solheim et al. also reported a prevalence
of LVT as high as 15 % within 3 months of AMI [11].

Another explanation for the variability regarding
prevalence reports is related to overall clinical detection
techniques. In general, TTE has modest sensitivity and
excellent specificity (23—60 and 96 % respectively) for the
detection of LVT and is dependent upon the experience of
the reader as well as the size of the thrombus. Notably, the
sensitivity of TTE for LVT is significantly increased when
TTE is ordered primarily for evaluation of LVT and when
contrast is utilized [2, 31, 32]. A recent retrospective study
found similar LVT formation rates of 4 % following
STEMI utilizing TTE as the primary modality with contrast
used in inconclusive cases [14]. The use of contrast with
TTE in this study was not associated with increased LVT
detection rates. Furthermore, our study focused predomi-
nantly on LVT detection with early TTE (IQR from
STEMI to TTE was approximately 1-3 days) when the
process of thrombus formation may be more dynamic and
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Fig. 3 Kaplan-Meier survival plot for patients with and without LVT®. * Unadjusted

conceivably LV thrombi may be transient and or smaller
limiting detection.

Previous studies have also demonstrated that presence of
LAD disease or anterior MI, larger infarct size (by imaging
or peak cardiac marker levels), and heart failure are asso-
ciated with increased risk for LVT formation [5, 10-13, 15,
23]. In this analysis, independent predictors of LVT for-
mation were the presence of LAD disease, non-white race,
heart rate, and heart failure severity.

Ejection fraction (EF) obtained by either contrast ven-
triculography or echocardiogram at the time of left heart
catheterization, based on availability within our database,
was not included in the multivariate analysis due to missing
data points among our analytic cohort, despite reaching a
significant association in our univariate analysis (LR 29.5
(Pr > Chi sq < 0.001), HR 0.74, 95 % CI 0.66-0.83).
Missing data points are likely explained by non-numerical
reporting of EF, especially those with normal values, which
prevented this data from being accessed via our TTE
database and the DDCD. As demonstrated in aforemen-
tioned prior studies, it has been shown to be a significant
predictor of LVT formation.

Unique to our study was the finding that non-white race,
particularly black and Native Americans, was indepen-
dently associated with higher rates of LVT formation. This
has not been demonstrated in prior studies and suggests
genetic variables, socioeconomic factors, or environmental
risk factors that may place this patient population at higher
risk of LVT formation. Our analysis utilized the DDCD,
which includes a good representation of minorities and
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therefore likely enabled the detection of a potential dif-
ference in LVT formation risk among minority populations
as compared to the white race population.

Recent studies have demonstrated that African Ameri-
cans and also other minorities are less likely to undergo
invasive cardiac procedures/revascularization than white
patients, which was independent of services available and
severity of disease [33-35]. While this might partially
explain the higher risk of LVT detection with non-white
race in clinical practice, it is unlikely to have influenced
these results, as cardiac catheterization for STEMI was an
inclusion criterion for all patients regardless of race. Dif-
ferences in LVT formation between races are more likely
attributed to genetic differences. A recent small study was
able to demonstrate higher platelet reactivity and aggre-
gation among black subjects compared to whites explained
by increased activity of a platelet activating receptor
(PAR4) due to genetically different RNA expression,
which could be potential mechanisms behind the racial
differences in thrombus formation [36]. Furthermore,
higher platelet reactivity and CYP2C19 allele expression in
African-Americans compared to similar white patients
undergoing PCI has also been demonstrated [37].

The present analysis also demonstrated an independent
association with increased HR at the time of AMI and LVT
formation. Tachycardia in the peri-MI period implies more
compromised myocardium, larger infarct size, and likely
diminished ejection fraction, all of which have been iden-
tified as drivers to LVT formation [38, 39]. Furthermore,
the increased risk associated with tachycardia may be
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attributable to the higher risk of supraventricular tach-
yarrhythmia associated with larger infarcts, anterior MI,
and decreased left ventricular function [39—41].

Despite our hypothesis that improved medical manage-
ment of heart failure would reduce the risk of LVT for-
mation, we did not find an association between the use of
ACE-inhibitors/ARBs, beta-blockers, or nitrates and lower
risk for LVT. While the risk of LVT formation may be
modified by evidenced-based HF therapy in the early post-
STEMI period, we believe that our analyses may have been
limited to detect the independent effect of medications on
LVT due to high overall use in our cohort. Nevertheless,
our analyses suggest that even in the context of high rou-
tine use of guideline-recommended medical therapies in
the post-STEMI population, a significant number of
patients are still at risk for LVT formation.

In the present analysis, there was a trend toward
increased mortality associated with LVT, but this did not
meet statistical significance. Despite the lack of data on
systemic embolization events within our database, previous
studies have demonstrated increased risk of cerebrovascular
events associated with LVT, but despite this risk, there was
no change in associated mortality risk, which is in line with
our results [1, 42]. Furthermore, a smaller study (N = 144)
demonstrated ischemic cardiomyopathy as an independent
predictor of LVT formation and systemic embolization,
with embolization associated with a higher mortality [43].
None of these studies included patients in the peri-AMI
period and therefore may be quite distinct from the post-
STEMI population in the present cohort. However, a recent
study in a post-STEMI population did not demonstrate any
change in mortality risk with LVT presence [14].

Future prospective trials are needed to investigate these
high-risk patient populations in order to determine whether
they may benefit from prophylactic anticoagulation fol-
lowing STEMI. Currently, it is a class IIb recommendation
from the ACCF/AHA guidelines on STEMI management
that anticoagulation should be considered for patients fol-
lowing STEMI with anterior-apical akinesis or dyskinesis
[22]. However, triple therapy anticoagulation following PCI
is associated with as much as three times the bleeding risk
compared to dual anti-platelet therapy alone [44]. Deciding
whether or not to empirically anticoagulate this high-risk
population has significant implications. The results of the
current study may lead to future trials that will further
explore patient populations with the aforementioned risk
factors associated with higher risk for LVT formation.

Limitations
Our study also has several limitations including a retro-

spective design, a long accrual time, and a modest event
rate for LVT formation. In addition, while

echocardiography is the dominant imaging modality at the
point of care available for post-STEMI care, it may
underestimate LVT prevalence as compared with cardiac
MRI [31, 32]. Additionally, we do not have inter- or intra-
observer variability data on interpretation of the echocar-
diograms given the retrospective nature of the study. Fur-
thermore, the majority of echocardiograms did not involve
contrast as there was evolving guidelines regarding the
safety of contrast use during the period of study; therefore,
future prospective studies with routine use of contrast are
required to validate these findings. Since our study required
that patients must have had a TTE as part of routine clinical
care, LVT may have been under-reported and the lack of
association between LVT and increased mortality may
represent a type 2 error. Furthermore, we do not have data
regarding the specific characteristics of the LVT (e.g., size,
location, mobility) detected on echocardiography, which
may have a differential association with outcome. Also, our
findings were not validated with a second cohort or
prospective cohort such that further study is warranted to
support these data. As mentioned above, despite a rela-
tively low LVT event rate, this study represents one of the
largest to date with regards to LVT event rates post-
STEML.

Conclusion

We demonstrated that the prevalence of LVT detected on
TTE within 90 days of a STEMI was 4.3 % in a large
contemporary population. These data suggest that the
incidence of LV thrombus formation following STEMI
remains high even in the primary PClI-era with high use of
evidenced-based treatment of STEMI. Most paramount,
non-white race was an independent predictor of LVT for-
mation, which has not been previously noted. Therefore
LVT formation post-STEMI might be a significant risk
faced by minorities, potentially influenced by genetic
variables or environmental risk factors. Tachycardia, ante-
rior MI, and congestive heart failure severity were also
associated with an increased incidence of LVT formation.
These findings not only provide additional evidence that
support previously documented risk factors for LVT for-
mation, but also demonstrate unique risk factors not pre-
viously identified that could be utilized to identify STEMI
patients at higher risk of LVT formation. These data support
further exploration of novel strategies to mitigate adverse
outcomes in STEMI patients at risk for LVT formation.
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