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ABSTRACT

Background: Dilated cardiomyopathy is associated by radial and longitudinal contractile
cardiac dysfunction. Left ventricular (LV) thrombus is a frequent finding in patients with
dilated cardiomyopathy. The main purpose of our study was to evaluate the role of mitral
annular plane systolic excursion (MAPSE) in LV thrombus formation in patients with
dilated cardiomyopathy by assessing their correlation. Our additional objective was to
compare the relationship of average MAPSE to relations of other LV features [LV size, LV
ejection fraction (EF), wall motion score index (WMSI), sphericity index-width to length
ratio (w/l) of the LV] and LV thrombus development.
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Material and Methods: This was a prospective cross-sectional study conducted from
October 2009 until January 2012 in 100 sinus rhythm patients with dilated
cardiomyopathy without anticoagulation therapy. We excluded patients with: swallowing
problems, acute myocardial infarction, atrial fibrillation/flutter, severe systolic dysfunction,
severe arterial hypertension, valvular disease, and/or mechanical valves.
Results: Mean patient age was 58.1±12.7 years and 69% were men. Mean LV EF was
39.1±6.4%, while mean value of average MAPSE was 9.3±2.2mm. LV thrombus was
detected in 14% of patients and its presence correlated well with: average MAPSE
(r=-0.22, p=0.01), MAPSE of sepatal wall (r=-0.23, p=0.01), MAPSE of lateral wall (r=-0.2,
p=0.02), MAPSE of inferior wall (r=-0.22, p=0.01), LV EF (r=-0.21, p=0.02), LV end
diastolic diameter (r=0.24, p=0.008), LV end systolic diameter (r=0.31, p=0.0008), WMSI
(r=0.22, p=0.01) and w/l (r=0.19, p=0.03).
Conclusions: Longitudinal LV dysfunction is associated with LV thrombus formation, as
average MAPSE demonstrates a negative correlation with LV thrombus, and its role is
similar to LV size, LV EF, sphericity index and WMSI.

Keywords: Left ventricular thrombus; dilated cardiomyopathy; MAPSE.

ABBREVIATIONS

ECG- Electrocardiography; EF- Ejection fraction; LV- Left ventricle/ventricular; LVEDD- Left
ventricular end-diastolic diameter; LVESD- Left ventricular end-systolic diameter; TEE-
Transesophageal echocardiography; TTE- Transthoracic echocardiography; WMSI- Wall
motion score index; w/l - Width to length ratio of left ventricle.

1. INTRODUCTION

Dilated cardiomyopathy is characterized by enlargement of one or both ventricles associated
with systolic and diastolic contractile impairment [1], or according to newer definitions dilated
cardiomyopathy refers to a large group of heterogeneous myocardial disorders that are
characterized by ventricular dilation and depressed myocardial contractility in the absence of
abnormal loading conditions such as hypertension or valvular disease [2]. In addition to
radial contractile cardiac dysfunction, impairment of longitudinal myocardial function has
been reported in the setting of dilated cardiomyopathy [3]. Thromboembolic events are a
frequent cause of mortality in patients with congestive heart failure, accounting for about
30% of such patients [4].

The aim of our study was to evaluate the relationship of mitral annular plane systolic
excursion (MAPSE), as marker of longitudinal left ventricular (LV) function, to LV thrombus
formation in sinus rhythm patients with dilated cardiomyopathy of mild to moderate systolic
dysfunction. Our additional objective was to compare the relationship of average MAPSE to
relations of other LV features (LV size, LV ejection fraction, wall motion score index,
sphericity index) and LV thrombus development.

2. PATIENTS AND METHODS

This was a prospective cross-sectional study conducted in University Clinical Center of
Kosova from October 2009 until January 2012. The study included 100 patients with dilated
cardiomyopathy in sinus rhythm, who were not under oral anticoagulation therapy. Exclusion
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criteria included patients with: swallowing problems, acute myocardial infarction, atrial
fibrillation/flutter, severe systolic dysfunction, severe arterial hypertension, valvular disease,
mechanical valves and/or patients who were taking oral anticoagulation therapy.

The study was approved by our Ethical Board and written informed consent was taken from
every patient that entered the study.

Demographic and history data, physical examination, laboratory tests, ECG, chest X-ray,
transthoracic echocardiography (TTE) were obtained for every patient that entered the study.
Transesophageal echocardiography (TEE) was performed only in those patients with high
suggestion of cardiac thrombus in order to obtain better visualization and to confirm the
diagnosis. To our best awareness patients that were included in the study did not have prior
episodes of atrial fibrillation.

2.1 Echocardiography

TTE (Phillips iE 33) examinations and measurements were performed according to the
recommendations of the American Society of Echocardiography [5]. Left ventricular end
diastolic diameter (LVEDD), left ventricular end systolic diameter (LVESD), septal wall and
posterior wall thickness were measured from parasternal M-mode recordings according to
standard criteria. LV ejection fraction (EF %) was determined from apical views with modified
Simpson’s rule. LV EF less than 50% was considered as systolic dysfunction, whereas LV
EF under 30% was considered as severe LV dysfunction.

TEE (Phillips iE 33, Agilent Image-Point Hewlett Packard or Toshiba NEMIO XG SSA-580A)
was performed in all patients in whom cardiac thrombi was suspected by TTE. Due to the
semi-invasive nature of TEE and the unease that causes to the patient, we performed this
procedure only in patients in whom thrombus was suspected by TTE.

Thrombus, as observed by TTE and/or TEE, was defined as presence of distinct echogenic
intracavity mass, identifiable in at least two different views.

Mitral annular plane systolic excursion (MAPSE), as an indicator of longitudinal LV EF, was
measured in millimeters (mm) by M-mode echocardiography from four different points
(septal, lateral, inferior and anterior) at four chamber and two chamber apical views. The
average MAPSE was derived from the values of the four afore mentioned values and values
less than 10mm were considered abnormal [5].

Wall motion score index (WMSI) was calculated according to the 17 segment model [5]. Sum
of all scores, corresponding to each segment motion, were divided by the number of total
segments.

LV sphericity index during end diastole was defined as ratio of LV length (measured from
apex to the middle of mitral annular plane) to LV width (measured at midpoint of LV length)
in four chamber projection. Width to length ratio (w/l) >0.76 was considered severe [6].

2.2 Statistical Analysis

All data were expressed as mean ± standard deviation (SD) and percentages. Correlation of
selected variables was estimated using Pearson correlation test. Simple regression analysis
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was performed to determine if LV thrombus was associated with longitudinal LV function
impairment, as well as other LV features. Variables with a value of p<0.05 in simple
regression were considered significant. All statistical analysis were performed using
statistical software SPS, version 2.80, 2005.

3. RESULTS

Mean patient age was 58.1±12.7 years and 69% were men. Ischemic origin of dilated
cardiomyopathy was found in 57% of patients and only one fourth of the patients were not
taking aspirin prior to the study. Among patients with ischemic dilated cardiomyopathy, 9
patients experienced prior myocardial infarction. Baseline patient data are presented in
(Table 1).

Table 1. Baseline patient characteristics*

n=100
Age, yr 58.1±12.7
Female (%) 31/100(31)
Current smokers (%) 29/100(29)
Alcohol users (%) 10/100(10)
Mild to moderate hypertension (%) 52/100(52)
Diabetes Mellitus (%) 30/100(30)
Dyslipidemia (%) 25/100(25)
BMI, kg/m2 28.4 ±4
Coronary artery disease (%) 57/100(57)
Aspirin therapy usage (%) 75/100(75)
Peripheral vascular disease (%) 5/100(5)

*Data are presented as mean±SD or No. (%)

Haemostasis tests were within normal range in all patients included in the study, with mean
prothrombin time (PT) being 101.4±12.4%, mean partial thromboplastin time (PTT) was
24.5±4.2 and mean thrombin time (TT) was 11.2±0.9.  Average platelet count in our study
population was 219.4±57.2x109.

Mean LVEDD of our population was 66.5±6mm and mean LV EF was 39.1±6.4%.  Seven of
our patients had normal LV EF, 37 had mild reduction of LV EF and 56 had moderate
reduction of LV EF. Basic TTE parameters are shown in (Table 2). Average MAPSE less
than 10mm was found in 69 (69%) patients. The mean value of average MAPSE was
9.3±2.2mm, whereas the mean for MAPSE of septal wall, lateral wall, inferior wall and
anterior wall were: 8.9±2.6mm, 9.6±2.7mm, 9.4±2.5mm and 9.3±2.5, respectively. Mean
WMSI in our population was 1.6±0.4, while mean w/l ratio was 0.8±0.1. Severe LV sphericity
index was encountered in 66% of our patients.

LV thrombus was detected in 14 (14%) patients, with 13 thrombi being flat/mural and one
protruding, with ball-like shape thrombus (Fig. 1). All thrombi were located in LV apical area.
TEE confirmed the presence of LV thrombus in all these patients. Of the 57 patients with
coronary artery disease, 11 (19.3%) had LV thrombus. Furthermore, 4 (16%) patients that
were not taking aspirin developed LV thrombus.



Bakalli et al.; CA, 2(4): 238-246, 2014; Article no. CA.2014.4.009

242

In simple regression analysis LV thrombus had significant inverse correlation with average
MAPSE (r=-0.22, p=0.01; Fig. 2), MAPSE of sepatal wall (r=-0.23, p=0.01), MAPSE of lateral
wall (r=-0.2, p=0.02), MAPSE of inferior wall (r=-0.22, p=0.01). MAPSE of anterior wall was
the only MAPSE site that did not correlate to LV thrombus (r=-0.08, p=0.2) in our study
population.

Table 2. Basic echocardiographic data of the study population*

n=100
IVSd, mm 9.9±2
PWd, mm 9.7±1.4
LVEDD, mm 66.5±6
LVESD, mm 53.5±7.4
LVEF, % 39.1±6.4
LA, mm 45.9±4.9
MR area, cm2 4.2±3.1
*Data are presented as mean ± SD.IVSd: diastolic interventricular septum; PWd: diastolic posterior

wall; LVEDD: left ventricular end diastolic diameter; LVESD: left ventricular end systolic diameter; LV:
left ventricular; EF: ejection fraction; LA: left atrium; MR: mitral regurgitation

Fig. 1. Transesophageal echocardiography image showing a 6.8cm2 protruding and
ball-like thrombus in LV apex
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Fig. 2. Diagram presenting correlation of LV thrombus to average MAPSE in our
patient population

Furthermore, LV thrombus also correlated significantly with LV EF (r=-0.21, p=0.02), LVEDD
(r=0.24, p=0.008), LVESD (r=0.31, p=0.0008), WMSI (r=0.22, p=0.01) and w/l (r=0.19,
p=0.03). Correlation of LV thrombus to MAPSE was similar to correlation of LV thrombus to
other LV features.

4. DISCUSSION

Our assumption that MAPSE would correlate to presence of LV thrombus proved to be right
in sinus rhythm patients with dilated cardiomyopathy of mild to moderate systolic
dysfunction. We believe to be the first authors that correlate LV thrombus to longitudinal LV
function. We excluded from our study patients with severe LV systolic dysfunction, atrial
fibrillation, acute myocardial infarction, mechanical valves, since these features are known to
be linked to thrombus formation.

Cardiac disorders can impair longitudinal and radial contraction, although it has been
suggested that in certain heart diseases, such as myocardial ischemia and hypertrophy,
longitudinal myocardial function is impaired earlier [7]. Base-to-apex displacement of mitral
annular ring represents shortening of the left ventricle along its long axis. Simonson and
Schiller and Pai et al. reported a strong correlation between systolic annular displacement
and LV EF [8,9]. Reduced mitral annular displacement is also observed in patients with
coronary artery disease, with more evident reduction in the mitral annular site related to the
myocardial infarction zone [10,11].
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Dilated cardiomyopathy is a cardiac disorder that is prone to LV thrombus formation. Roberts
et al. in their autopsy study, conducted on deceased patients with dilated cardiomyopathy,
found that LV thrombus was present in 45% of patients [12]. Gottdiener et al. were able to
identify by echocardiography the presence of LV thrombus in 36% of patients with dilated
cardiomyopathy [13]. We also found frequently LV thrombus in patients with dilated heart
[14-16]. LV thrombus develops in approximately 30% of patients with anterior myocardial
infarction and is associated with elevated risk of systemic thromboembolic events [17]. LV
aneurysm presents another favorable factor for thrombus formation. The frequency of LV
thrombi in aneurysms found post mortem range from 14-68%, whereas findings of thrombi
from aneurysmectomy vary from 50-95% [18].

Echocardiography has 90% specificity and 75-90% sensitivity for detection of left ventricular
thrombus [19,20].

A limitation of this study is that Doppler Tissue Imaging, as a more advanced
echocardiographic technique, could not be performed for assessment of long axis ventricular
shortening and lengthening.

5. CONCLUSION

In conclusion, longitudinal LV dysfunction is associated with LV thrombus formation, as
average MAPSE correlates well with LV thrombus. MAPSE is a similar indicator for LV
thrombus as are LV size, LV EF, sphericity index, WMSI.
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