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IInnttrroodduuccttiioonn

Spontaneous echo contrast (SEC) is a smokelike echo
phenomenon with a swirling pattern of blood flow that can
be observed in transesophageal echocardiography (TEE) or
transthoracic echocardiography (TTE), most often within
the left atrium or left ventricle.1-3) SEC is first described by
Feigenbaum in 1975,4) which has been observed under
conditions of low blood flow velocity, such as rheumatic
mitral stenosis, mitral valve prosthesis, atrial fibrillation
(AF), dilated left atria and dyskinetic segments of the left
ventricle (LV).5)6) SEC has been reported in 16% to 19% of

patients selected to undergo TEE for standard indications.
Dilated cardiomyopathy (DCM) probably is the end result
of myocardial damage produced by various causes and
shows various clinical manifestations.7)8) One of various
clinical manifestations is SEC. However, there have been
few reports on the prevalence of SEC in DCM. 

SEC is significantly associated with a history of embolism
and left atrial (LA) or LV thrombi detected by echocardio-
graphy, severity of mitral stenosis, reduced cardiac index,
advanced age, atrial fibrillation, hypertension, heart failure,
and large left atrial diameter. SEC is a cardiac factor most
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BBaacckkggrroouunndd:: Spontaneous echo contrast (SEC) has been considered as a predisposition to thromboembolism and
cerebrovascular accident. However, there have been few reports on the prevalence and role of SEC in dilated cardiomyo-
pathy (DCM). The aim of this study was to investigate the prognostic usefulness of SEC in predicting a stroke in patients
with DCM. 
MMeetthhooddss:: Between October 2001 and January 2008, transthoracic echocardiography with tissue harmonic imaging (THI)
was performed for recognition of SEC in patients with DCM. Patients were divided into 2 groups according to the presence
of SEC. Clinical characteristic data, echocardiographic parameters were compared between two groups. 

RReessuullttss:: In this retrospective study, 220 patients (136 men, age 62.8±15.4 years) with DCM (left ventricular ejection
fraction 27.8±7.8%) were included. SEC in the left ventricle (LV) was observed in 24 patients (10.9%). Stroke occurred
in 4 (16.7%) of patients with SEC and in 9 (4.6%) of patients without SEC. There were no differences in LA dimension
(p=0.24) and LV end-diastolic dimension (p=0.88) between both groups. On univariate analysis, SEC and coronary heart
disease at presentation had statistical significance of risk factors for stroke in these groups (p＜0.05). On multivariate
analysis, only SEC was an independent predictor for stroke (OR 4.393, 95% CI 1.116-17.290, p=0.03). 
CCoonncclluussiioonn:: These results suggest that SEC by THI through transthoracic echocardiography has a strong association
with stroke in patients with DCM. Therefore, this study may help in the risk stratification of cardiac embolism in patients
with DCM. 

KKEEYY  WWOORRDDSS: Spontaneous echo-contrast·Dilated cardiomyopathy·Stroke·Tissue harmonic imaging.
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strongly associated with left atrial appendage thrombi and
embolic events.1-3) But, there have been few reports on the
role of SEC in DCM.

Currently, TTE is the standard procedure for detection of
left ventricular (LV) thrombi9)10) with a sensitivity ranging
from 92% to 95% and a specificity of 95% assuming a
good image quality.9) In daily practice, however, poor image
quality occurs in about 10% to 20% of patients,11) particu-
larly at the apex, as a result of ultrasound artifacts and clut-
ter. Tissue harmonic imaging (THI) reduces near-field and
side-lobe artifacts,12)13) improving visualization of the
blood/tissue interface and detection of the endocardial
borders, especially in distorted LV.14)15)

Identification of thrombi or SEC by echocardiography in
patients with DCM can be difficult in the presence of
trabeculations, papillary muscles, echocardiographic artifacts,
and poor near-field visualization.18) The importance of
thrombi or SEC in patients with DCM is uncertain.20)

Therefore, a reevaluation of the detection of SEC and its
prognostic significance in DCM by THI through TTE is
warranted.  

The aims of our study were to investigate the relation
between echocardiographic finding of SEC and the clinical
outcomes such as stroke and death in patients with DCM
and to clarify the prognostic usefulness of SEC in predic-
ting stroke in patients with DCM.

MMeetthhooddss

Patients and study design

In this retrospective study, from October 2001 to January
2008, 220 patients with DCM were studied by TTE with
THI. These patients in functional class NYHA II-IV,
diagnosed according to WHO criteria21) were recruited for
the study. DCM was defined by LV dilation (LV end
diastolic dimension ≥55 mm) and systolic dysfunction
(LV ejection fraction ≤40%). All patients were divided
into 2 groups according to the presence of SEC. Clinical
characteristic data, echocardiographic parameters were
compared between two groups. Data were collected inclu-
ding the presence or absence of atrial fibrillation, hyperten-
sion, diabetes, dyslipidemia [low-density lipoprotein chole-
sterol (LDL-C), high-density lipoprotein cholesterol (HDL-
C), and triglyceride], heart failure, ischemic heart disease,
alcohol, and smoking history. We evaluated stroke in pati-
ents after detecting SEC by TTE with THI. Experienced
neurologist performed neurological examination and
diagnosed stroke which was based on their clinical history,
neurologic sequelae and radiographic correlation. Stroke
was defined acute onset of neurologic dysfunction of any

severity consistent with focal brain ischemia and imaging/
laboratory confirmation of an acute vascular ischemic path-
ology [Imaging/laboratory confirmation includes neuro-
imaging studies demonstrating recent, appropriately located
ischemic lesion (DWI, CT), vascular imaging demonstrating
an acute arterial occlusion or stenosis appropriate to the
clinical syndrome (transcranial Doppler, MRA, CT angio-
graphy, conventional angiography) or perfusion technique
demonstrating a perfusion deficit in an appropriately
located vascular distribution (perfusion-weighted MRI,
perfusion CT, single photon-emission CT, positron-
emission tomography, xenon CT)].19) Patients were exami-
ned with CT and MRI for detection of cerebral infarction. 

Our study was approved by the investigation and Ethics
Committee of our institution.

Echocardiography

Comprehensive 2-dimensional Doppler echocardiographic
studies (PHILIPS Sonos 5500, 1 to 3 MHz; Philips
Medical Systems and GE VIVID 7, 2.4 MHz; GE Medical
Systems) were performed in all patients. M-mode echo-
cardiographic measurements were made according to the
American Society of echocardiography recommendation,22)

and LV ejection fraction was calculated using the Quinones
method. Five consecutive beats were averaged for all
measurements. With standard transthoracic echocardio-
graphic assessment of the 4 cardiac chambers and valves,
the main cavities were closely inspected for evidence of
thrombi or SEC. Harmonic mode denotes that the imaging
system is programmed to transmit at one frequency and
receive at twice that frequency, its second harmonic, using
the same transducer. Spontaneous echocontrast was diagn-
osed in the presence of dynamic smoke-like echoes within
the heart cavities with a characteristic swirling motion that
was distinct from white noise artifact. Gain settings were
adjusted as required to distinguish SEC from echoes due
to excessive gain. SEC was graded as mild or severe accord-
ing to the following: Near gain was increased progressively
to just below the level at which static background noise
appeared (threshold gain). Mild SEC was undetected at
low gain and was seen in some parts of the left atrium or
left ventricle at the threshold gain. Severe SEC occupied
the entire atrium or ventricle and appeared very dense even
at low gain. All echocardiograms were reviewed by 3 exper-
ienced observers with regard to presence or absence of SEC.
When discrepancies occurred, echocardiograms were reviewed
until a consensus was reached. But, in our study, all of SEC
were diagnosed without thrombi in the LV and were not
graded, just categorized as ‘present’ or ‘absent’ by THI in
this study due to the limitation of retrospective study.



Statistical analysis

Differences in the prevalence of SEC in various subgroups
were determined from 2×2 contingency tables using the
chi-square or Fisher’s exact tests. The relation of patient
age, sex and the various stroke risk factors to the presence
of SEC was assessed using multivariate logistic regression
analysis. A multivariate logistic regression analysis with
using SPSS 13.0 for Windows (SPSS inc., Chicago, IL)
was used to determine the importance of the association of
thromboembolic events with patient age, SEC and the
other stroke risk factors. Values are expressed as mean±
SD. Mean values were compared using the unpaired
Student’s t test. A p value＜0.05 was considered significant.

RReessuullttss

Prevalence of SEC and clinical characteristics

in those with SEC and without SEC 

Baseline characteristics of patients with and without SEC
are shown in Table 1. This study included 220 consecutive
patients (136 men and 84 women, average age 62.8±15.4
years) with DCM (mean ejection fraction 27.8±7.8%).
SEC in the LV was observed in 24 patients (10.9%) (Fig.
1). The proportions of male (p=0.03), atrial fibrillation
(p=0.05) and stroke (p=0.04) were significantly higher in

patients with SEC than in patients without SEC. Age,
hypertension, diabetes mellitus, total cholesterol, triglyceride,
HDL-C, LDL-C, coronary heart disease, smoking and alc-
ohol ingestion were not significantly different between both
groups. The mortality rate was not different between patie-
nts with and without SEC (p=0.67).

Relationship of echocardiographic findings to

SEC 

Univariate analysis relating echocardiographic findings to
the presence of SEC is shown in Table 2. There were no
significant differences of LA dimension (p=0.24) and LV
end-diastolic dimension (p=0.88) between patients with
and without SEC. There were no significant differences of
LV ejection fraction between two groups (p=0.75). There
were no significant differences of other echocardiographic
findings such as the presence of mitral regurgitation (p=
0.80), tricuspid regurgitation (p=0.50) and tricuspid regur-
gitation pressure gradient (p=0.43) between two groups.

Association of SEC with thromboembolic history

Of the risk factors to presence of SEC, gender and atrial
fibrillation were statistically significant in univariate analysis
(p＜0.05) (Table 1). On multivariate logistic regression, there
were no significant differences between the presence of SEC
and the clinical risk factors of  stroke such as diabetes melli-
tus (p=0.24), hypertension (p=0.48), dyslipidemia (p=0.07),
coronary heart disease (p=0.18). Especially, there was no
significant difference between atrial fibrillation and the
presence of SEC (p=0.068) in this study.

Stroke occurred in 4 (16.7%) of patients with SEC and
in 9 (4.6%) of patients without SEC. On univariate analy-
sis, SEC and coronary heart disease at presentation had
statistical significance of risk factors for stroke in these
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Fig. 1. Apical 4-chamber view with tissue harmonic imaging through
transthoracic echocardiography in patient with dilated cardiomyopathy shows
diffuse spontaneous echo contrast in left ventricle (LV). LA: left atrium.

Table 1. Clinical characteristics of patients with and without SEC 
Patients with SEC (n=24) Patients without SEC (n=196) p value

Gender (male) 20 (83.3%) 116 (59.2%) 0.03
Age (years) 60.7±14.7 63.1±15.5 0.48
Hypertension 9 (37.5%) 65 (33.2%) 0.65
Diabetes mellitus 3 (12.5%) 48 (24.5%) 0.30
Total cholesterol (mg/dL) 146.0±46.4 162.2±42.3 0.08
Triglyceride (mg/dL) 80.9±56.5 88.4±55.0 0.53
HDL-C (mg/dL) 44.0±17.1 43.6±13.9 0.89
LDL-C (mg/dL) 91.6±28.4 103.4±39.4 0.16
Atrial fibrillation 12 (50.0%) 53 (27.0%) 0.05
Coronary heart disease 7 (29.2%) 49 (25.0%) 0.63
Smoking 7 (29.2%) 71 (36.2%) 0.65
Alcohol 7 (29.2%) 42 (21.4%) 0.44
Stroke 4 (16.6%) 9 (4.6%)   0.04
Death 2 (8.3%) 13 (6.6%) 0.67

HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, SEC: spontaneous echo contrast 
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groups (p＜0.05) (Table 3). When traditional risk factors of
stroke were entered into multivariate logistic regression,
patients with SEC by THI on TTE had a significantly
higher occurrence rate of stroke [Odds Ratio (OR) 4.393,
95% Confidence Intervals (CI) 1.116-17.290, p=0.03]
(Table 4). However, traditional risk factors of stroke such as
hypertension, diabetes mellitus, dyslipidemia, AF, coronary
heart disease, smoking, and alcohol ingestion were not
statistically significant between patients with and without
stroke.

Sixteen patients with SEC already had taken the antipla-
telet or anticoagulant medications (e.g. aspirin: n=11, cilos-
tazol: n=1, ticlopidine: n=1, heparin: n=3, warfarin: n=7).
However, the incidence of previous antiplatelet or anticoa-
gulation therapies was not different between patients with

stroke and without stroke [75% (3/4) vs. 65% (13/20),
p=0.69].

DDiissccuussssiioonn

Clinical importance of the presence of SEC in

patients with DCM 

Our study constitutes the multivariate analysis that incor-
porates the information provided by TTE with THI in the
last few years on the different factors associated with the
presence of SEC in patients with DCM. This study is the
first to demonstrate an association between the diagnosis of
stroke in patients with moderate to severe LV dysfunction
and the presence of SEC by TTE with THI. Previous studies
have shown that patients with DCM are at high risk for

Table 2. Univariate analysis relating echocardiographic findings to the presence of SEC 
Variable Patients with SEC (n=24) Patients without SEC (n=196) p value
LVEF (%) 27.3±9.1 27.9±7.6 0.75
LVDd (mm) 60.8±10.1 60.5±7.9 0.88
LVDs (mm) 51.4±10.5 51.2±7.8 0.92
LA size (mm) 44.3±7.2 42.3±8.2 0.24
MR 18 (75%) 153 (78%) 0.80
TR 17 (70.8%) 122 (62.2%) 0.50
TRPG (mmHg) 22.8±15.6 26.2±17.5 0.43

LVEF: left ventricular ejection fraction, LVDd: left ventricular diastolic dimension, LVDs: left ventricular systolic dimension, LA: left atrium, MR: mitral
regurgitation, TR: tricuspid Regurgitation, TRPG: tricuspid regurgitation pressure gradient, SEC: spontaneous echo contrast 

Table 3. Univariate analysis relating risk factors to the presence of stroke
Patients with stroke (n=13) Patients without stroke (n=207) p value

Gender (male) 9 (69.2%) 127 (61.4%) 0.77
Age (years) 62.6±14.3 62.8±15.5 0.96
Hypertension 7 (53.8%) 67 (32.4%) 0.13
Diabetes mellitus 3 (23.1%) 48 (23.2%) 0.98
Total cholesterol (mg/dL) 161.7±46.8 160.4±42.8 0.92
Triglyceride (mg/dL) 76.0±39.5 88.3±55.9 0.44
HDL-C (mg/dL) 40.4±10.5 43.9±14.5 0.40 
LDL-C (mg/dL) 110.2±39.5 101.6±38.4 0.43
Atrial fibrillation 4 (30.8%) 61 (29.5%) 0.92
Coronary heart disease 7 (53.8%) 49 (23.7%) 0.02
Smoking 5 (38.5%) 73 (35.3%) 0.78
Alcohol 3 (23.1%) 46 (22.2%) 0.94
SEC 4 (30.8%) 20 (9.7%) 0.04

HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol, SEC: spontaneous echo contrast 

Table 4. Multivariate logistic regression analysis relating risk factors to the presence of stroke 

Risk factors p value Odds ratio (OR)
95.0% confidence interval (CI)

Lower Upper
SEC 0.03 4.393   1.116 17.290
Hypertension 0.36 0.569 0.171 1.891
Coronary heart disease 0.09 0.335 0.241 3.165
Dyslipidemia 0.65 0.742 0.208 2.649
Atrial fibrillation       0.84 0.873 0.208 2.649

SEC: spontaneous echo contrast 



stroke and embolic complications.23)24) However, there have
been few reports on the prevalence and role of SEC in DCM.
Therefore, this study may help in the risk stratification of
cardiac embolism in patients with DCM.

Kozdag et al.25) reported impaired systolic function, restric-
tive filling pattern, presence of moderate to severe left atrial
SEC, and complex atherosclerosis in the aorta are the factors
contributing to the development of silent cerebral infarction.
Gottdiener et al.23) reported higher rates of systemic emboli-
zation and insignificant trend toward increased mortality in
patients with LV thrombi. Others have also suggested that
patients with severe LV dysfunction tend to have higher rates
of LV thrombi and systemic embolization.26) In a recent study
of patients with severe LV dysfunction, the stroke rate was
14.9% in patients with and 9.5% in those without LV
thrombi, but this was not statistically significant.20) There is
no clear consensus regarding therapies (in particular,
anticoagulation) in patients with DCM and LV thrombi.27)

The pathogenesis of SEC is not clearly established. How-
ever, it appears that multiple factors [e.g., aging, low blood
flow velocity, high erythrocyte sedimentation (ESR), increa-
sed serum fibrinogen level, elevated hematocrit, structural
abnormalities of cardiovascular system] potentially contribute
to red blood cell and plasma protein interactions that lead to
the development of SEC.28) Even though additional factors
such as mitral regurgitation, hypercoagulability and elevated
hematocrit may lead to development of SEC, LV systolic
dysfunction may also predispose SEC with low flow rate
rates and low shear rates. SEC is a cardiac factor most
strongly associated with LV thrombi and embolic events.
Therefore, the determination of the presence of SEC in DCM
patients has important implications for prognostic and ther-
apeutic usefulness. 

The usefulness of THI in the detection of SEC 

Recent studies have demonstrated that THI without a
contrast agent improves delineation of the left ventricular
endocardial borders29-31) and the LA appendage16) by TTE.
However, the efficacy of THI in the detection of SEC in
DCM patients has not been fully evaluated. But Ha et al.32)

demonstrated that THI significantly enhances the detection
of LA SEC in patients with MS. One possible explanation
for the enhanced visualization of LA SEC by THI is that a
nonlinear emission of harmonics is produced by resonant
aggregates of red blood cells, platelets, and plasma proteins
similar to microbubbles.32) Harmonic imaging, which invol-
ves transmitting at the resonant frequency of the bubbles
and constructing an image from the harmonic component
of the returning ultrasound from the bubbles, eliminates the
noise of the ultrasound reflections from static tissue and gives

an increased signal-to-noise ratio.29) Although the met-hod
for determining the presence of SEC by transthoracic THI
has not yet been established, transthoracic THI has almost
the same ability as TEE in the detection of severe LA SEC,
which is known to be more strongly associated with LA
thrombi and thromboembolism.32)33) And several studies
showed the superiority of THI versus transthoracic funda-
mental imaging to detect left atrial, appendage and ventricle
thrombi or SEC.16)17)

By improving image quality, THI may be used in the
follow-up observational studies of SEC in a variety of clinical
conditions. It also may be used in a serial observational study
regarding the effects of anticoagulation or antiplatelet therapy
on the appearance of SEC.

Study limitation

Our study is retrospective and possible confounding factors
cannot be controlled. In this study, we did not take methods
such as blinding of the echocardiographic reviewers to clinical
data, so we could not minimize such retrospective bias. The
number of patients with SEC (n=24) was small. And, TEE
was not performed in these patients, so we could not com-
pare the presence of SEC using TTE with that using TEE. 
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