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Rheological Abnormalities and
Thromboembolic Complications 
in Heart Disease: Spontaneous Echo
Contrast and Red Cell Aggregation
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ABSTRACT

The role of abnormal rheological changes in the pathogenesis of thromboem-
bolism has received much attention in recent years, especially in the field of cardiology.
Such changes are sometimes seen in an echocardiogram as a smokelike haze known as
spontaneous echo contrast (SEC). The presence and severity of SEC correlate with di-
lated cardiac chambers and the incidence of thromboembolic complications. It is caused
by increased red cell aggregation and increased fibrinogen levels, both of which are
known risk factors for thrombosis. Although not used clinically, measurements of red
cell aggregation can be made in research settings. This can provide findings that give
insight into factors causing increased red cell aggregation. A small series of patients
with angina pectoris was studied with the Myrenne aggregometer for red cell aggrega-
tion. The results, which show correlation between the plasma fibrinogen and triglyc-
eride levels, are presented. As yet, there are only a few therapeutic guidelines for the
correction of abnormally high fibrinogen levels in patients at risk.

KEYWORDS: Fibrinogen, red cell aggregation, spontaneous echo contrast,
viscosity, thromboembolism

Objectives: On completion of this article, the reader should be able to (1) appreciate the meaning of echo contrast and its relation-
ship to thromboembolism and (2) define the role of red cell aggregation in cardiovascular disorders.
Accreditation: Tufts University School of Medicine (TUSM) is accredited by the Accreditation Council for Continuing Medical Educa-
tion to provide continuing medical education for physicians. TUSM takes responsibility for the content, quality, and scientific in-
tegrity of this CME activity.
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Award. Each physician should claim only those credits that he/she actually spent in the educational activity.
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Hypercholesterolemia, hypertension, diabetes
mellitus, and cigarette smoking are widely recognized as
major risk factors for cardiovascular disease. However, the
pathogenic elements associated with these risks have re-
ceived less attention.1 Increased whole-blood viscosity
and red blood cell aggregation have been observed in pa-
tients with these risk factors.2–5 In addition, a high fibrin-
ogen level has also been recognized as a risk factor for
coronary artery disease and stroke. Of significance is the
fact that blood viscosity is related to the fibrinogen level.6–8

In this article, recent observations of abnormal echo-
graphic findings that are indicative of increased throm-
boembolic risks will be reviewed. Because red cell ag-
gregation is believed to be the cause of these echographic
abnormalities, red cell aggregation measurement in pa-
tients with ischemic heart disease will also be presented.

SPONTANEOUS ECHO CONTRAST
As a result of the widespread use of echocardiography in
the diagnosis of heart diseases, an interesting observation
of the videodensity in the cardiac chambers has been
made. A swirling, dense, smokelike haze of variable in-
tensity is sometimes seen. Such abnormal videodensities
are termed spontaneous echo contrast (SEC).9,10 Figure
1 shows SEC in the right atrial appendage of a patient
with atrial fibrillation (in the left panel). It can be de-
tected by either transthoracic or transesophageal echo-
cardiography. Several methods of grading the intensity
of SEC are available. It can be graded objectively as
mild, moderate, or severe by more than one independent
observer. Alternatively, echocardiographic images re-
corded on videotape can be digitized into gray-scale levels

and the videodensity can be measured.11 A third method
is by acoustic densitometry with integrated backscatter
using a computerized software program incorporated in
the echo equipment.12,13 Studies by these various meth-
ods showed that SEC is correlated with enlarged cham-
bers, such as the left atrium in mitral stenosis,14 dilated
ventricles in cardiomyopathy and apical aneurysm,15 and
atrial fibrillation.16 SEC can also be seen in the aorta.
They appear as dynamic smokelike echoes within the
descending thoracic aorta and have the characteristic
swirling motion, similar to that seen in SEC in the car-
diac chambers.17,18 The severity of the SEC has also been
observed to be correlated with the incidence of stroke,19

intra-atrial thrombus,14 other thromboembolic events,19,20

and even with survival.20 In a retrospective study of 42
stroke patients, left atrial SEC was present in 21%, but
it was present in only 2% of healthy controls.21 In an-
other prospective study of 50 stroke patients, the pres-
ence and severity of left atrial SEC were correlated with
the size of the left atrium and with atrial fibrillation.22

Likewise, aortic SEC was associated with increased
thromboembolic risks.23–26 The presence and severity of
SEC have also been correlated with increased blood fi-
brinogen levels and whole-blood viscosity or plasma
viscosity.22,27 Other abnormal laboratory findings con-
cerning coagulation and fibrinolytic parameters were
also found in patients with SEC.18 A number of in vitro
studies revealed that SEC can be reproduced when red
cell aggregates are experimentally induced.28,29 The se-
verity of SEC in vitro is again correlated with the fibrin-
ogen concentration. Because increased fibrinogen level,30,31

and in some cases abnormal fibrinogen,32 can cause red
cell aggregation, these in vitro observations shed some
light on why fibrinogen is a well-known risk factor for

Figure 1 Transesophageal echocardiogram showing the presence of spontaneous echo contrast as a white haze in the left atrial
appendage (LAA) in the left panel and its disappearance 24 hours after the administration of a defibrinating agent batroxobin in the
right panel. (Reprinted with permission from Seiji et al.27)
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stroke and thrombotic cardiovascular events. The admin-
istration of a defibrinating agent batroxobin, derived
from the venom of the Brazilian viper Bothrops atrox, in
36 patients with atrial fibrillation was able to lower their
blood fibrinogen levels and their whole-blood viscosity
while diminishing the SEC in their echocardiograms.27

In the echocardiogram shown in Figure 1, the SEC dis-
appeared after the patient was given batroxobin (right
panel). Other attempts have been made to reduce fi-
brinogen-induced red cell aggregation, including the use
of another defibrinating agent, ancrod, derived from the
venom of the Malaysian viper Akistrodon rhodostoma32 and
of low-molecular-weight dextran (dextran-40).28 Al-
though other drugs such as the fibrates have been known
to lower fibrinogen,33,34 and thus may have an effect on the
red cell aggregation, they have not been tried clinically.

RED CELL AGGREGATION
In addition to its contribution to the formation of SEC,
red cell aggregation is a major player in the microangiopa-
thy in diabetes35 and in the development of deep vein

thrombosis.36,37 However, in the patient with ischemic
heart disease, increased red cell aggregation has been ob-
served and considered a predictor of unfavorable clinical
outcome in patients with acute coronary syndrome.38–40

A number of methods have been employed to
quantitate red cell aggregation.41–43 One such method is
performed with the Myrenne aggregometer (Myrenne,
Roetgen, Germany). The aggregation in a suspension of
red cell sample is measured by the amount of light trans-
mitted. This red cell suspension is subjected first to a
high shear rate (600 s�1) to disperse all preexisting ag-
gregates (Fig. 2). After disaggregation, the shearing is
stopped (shearing rate = 0 s�1)(M mode). This results in
a sudden drop of light transmission because of the loss
of orientation and the elongation of the red cells. The
light transmission at this point is expressed as aggrega-
tion index at M mode (AIM). Then, at a low shear rate,
the red cell aggregates will reform and can be recorded
as a return of light transmission. Over the next 10-sec-
ond period, the light transmission is plotted as area
under the curve and expressed as aggregation index at
M-1 mode (AIM-1).

Figure 2 The measurement of red cell aggregation as a function of light transmission using the Myrenne aggregometer. (See text
for details.)
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Table 1 Characteristics of the Two Study Groups: Patients with Angina Pectoris

and Healthy Controls

Angina Pectoris Healthy Control P

Male 24 10
Female 5 6
Age (years) 71.2 ± 7.8 65.1 ± 6.7 < 0.05
AIM-1 (M-1 mode) 29.1 ± 5.0 24.9 ± 7.5 < 0.05
Fibrinogen (mg/dL) 324.4 ± 79.1 257.8 ± 73.5 < 0.01
RBC (�106/µL) 4.04 ± 0.64 4.31 ± 0.39
Hgb (g/dL) 12.8 ± 1.9 13.6 ± 1.3
T-cholesterol(mg/dL) 187.8 ± 49.2 186.4 ± 49.5
Triglyceride (mg/dL) 142.0 ± 65.2 126.8 ± 71.5
Medication (%)

Antiplatelet 69.0 12.5
Antihypertensive 58.6 37.5
Statin 48.3 0
Insulin 6.9 0

Red cell aggregation was studied using the previ-
ously described method by one of the authors (S.S.) in
29 patients with stable angina pectoris who angiograph-
ically had significant coronary artery stenosis and in 16
healthy controls. Their red cell count and hemoglobin
and their levels of fibrinogen, triglycerides, and total cho-
lesterol were also measured. The results showed that there
was an increase in red cell aggregation in the angina group
compared with the controls (AIM-1 = 29.1 ± 5.0 versus
24.9 ± 7.5; P < 0.05) (Table 1). The fibrinogen levels of
the angina group were significantly higher than those in
the control group were (324.4 ± 79.1 mg/dL versus
257.8 ± 73.5 mg/dL; P < 0.01). The triglyceride levels of
the angina group were significantly higher than those in
the control group were (142.0 ± 65.2 mg/dL versus
126.8 ± 71.5 mg/dL; P < 0.05). Both the higher fibrino-
gen and the higher triglyceride levels likely contribute
to the increase in red cell aggregation. This is demon-
strated by further analysis, showing that there was a sig-
nificant correlation between the red cell aggregation and
the fibrinogen level in both groups (P < 0.01) and also a
significant correlation between red cell aggregation and
triglyceride level (P < 0.01) (Fig. 3). This finding also
confirmed previous observations of increased red cell
aggregation in primary hypertriglyceridemia.44 Although
small molecules do not induce red cell aggregation, the
alteration of plasma triglyceride level changes in the red
cell membrane lipid composition can influence the red
cell aggregation.45

Fibrinogen also has many pathogenetic functions
related to the development of atherosclerotic lesions and
the onset of acute vascular events.7 Our data and previ-
ous reports show that fibrinogen is also a major factor in
producing abnormal rheological characteristics.

Patients with unstable angina and acute myocar-
dial infarction have been found to have increased red cell
aggregation and whole-blood viscosity.6–8 The inflam-
matory process is a major component in different stages
of atheroma formation and in local events leading up to
the rupture of atherosclerotic plaque.46 The associated
increased fibrinogen follows as an acute phase reactant.
Because an increase in fibrinogen leads to more red cell
aggregation, the latter may also increase the viscosity of
blood, resulting in decreased local blood flow. This may
also conceivably contribute to the pathogenesis of acute
myocardial infarction. Inflammation also results in other
changes. Increased vascular permeability results in the
extravasation of fluid leaving a diminished plasma con-
tent. Proteins of small molecular sizes, such as albumin,
extravasate with the fluid component whereas large mol-
ecules, such as macroglobulin, remain. A higher concen-
tration of macromolecules increases red cell aggrega-
tion. Depending on the degree of vascular permeability,
fibrinogen may or may not extravasate. Soluble fibrino-
gen complexes are less likely to extravasate than is nor-
mal fibrinogen.

In coronary artery stenosis with partial occlusion,
there is aberrant blood flow in the poststenotic segment
of the vessel, creating local vortices with low shear rates.
This can result in increased viscosity. In complete occlu-
sion, there is zero flow in the poststenotic segment. In
this region, the red cell aggregation can contribute to
thrombogenesis. As a result, if the obstruction is relieved
subsequently by angioplasty or by stenting, the resump-
tion of blood flow may be less than expected. It is con-
ceivable that red cell aggregation can also be responsible
for the failure of reperfusion in the microvasculature be-
yond the occlusion.
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Figure 3 The correlation between the plasma fibrinogen level (left graph) as well as the triglyceride level (right graph) and the red
cell aggregation measured as AIM-1, as described in the text.

CONCLUSION
In conclusion, increased viscosity is an important com-
ponent of ischemic heart disease. Various factors con-
tributing to viscosity, such as increased red cell aggrega-
tion, inflammatory changes, and vascular permeability,
have received greater attention in recent years. Increased
plasma fibrinogen levels, a well-recognized risk factor, is
now looked on with a new light for its property of caus-
ing red cell aggregation and therefore increasing viscos-
ity. Although sophisticated methods for the assessment
of red cell aggregation are available in the research labo-
ratory, an accurate means for the detection for red cell
aggregation that can be applied in clinical cardiology
practice remains to be developed.
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