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Abstract

We describe the clinical and echocardiographic findings in eight patients with right atrial spontaneous echo contrast
who were identified from 648 consecutive patients undergoing transesophageal echocardiography. Common findings
in these patients were right atrial enlargement (8 patients), tricuspid regurgitation (7 patients), atrial fibrillation
or flutter (6 patients), elevated right ventricular pressure (5 patients), moderate or severe mitral valve disease
(5 patients), and right to left interatrial shunts (3 patients). Right heart catheterization in three patients showed
markedly elevated right atrial, right ventricular, and pulmonary artery pressures. Two patients had thromboembolic
events — one patient had recurrent pulmonary emboli, and another patient with an atrial septal aneurysm had
recurrent transient ischemic attacks. Right atrial echo contrast is an uncommon finding at echocardiography that is
associated with severe right heart dysfunction. It may also be associated with paradoxical or pulmonary embolism.

Introduction

Spontaneous echo contrast (SEC) is a dynamic smoke-
like signal that is detected by transesophageal echocar-
diography (TEE) in patients with stasis of blood in one
or more of the cardiac chambers. SEC is most com-
monly visualized in the left atrium in patients with
atrial fibrillation or mitral stenosis, but it is alsoc seen
occasionally in the right atrium or left ventricle.

The echocardiographic and clinical features asso-
ciated with left atrial SEC are well described [1-3],
however, there are limited data on the features associ-
ated with right atrial SEC. In this article, we describe
the clinical and echocardiographic features of eight
patients with right atrial SEC.

Methods

Patients withright atrial SEC were identified from con-
secutive patients undergoing TEE at the University of
Michigan Medical Center between January 1990 and
December 1991. Most of the patients with right atrial
SEC on TEE also underwent transthoracic echocardio-

graphy (TTE). TEE was performed using either an ATL
Ultramark 9 system (Bothwell, WA) equipped with
a 5 MHz biplane transesophageal probe, or an Acu-
son 128XP system (Mountainview, CA) equipped with
a 5 MHz monoplane transesophageal probe. Sponta-
neous contrast was diagnosed if smoke-like echoes
that swirled in a circular pattern within any of the
cardiac chambers were identified. Differentiation of
spontaneous contrast from excessive gain echoes was
achieved by decreasing the gain settings.
Transesophageal and transthoracic echocardio-
graphic features of patients with right atrial SEC
were evaluated by two experienced echocardiogra-
phers (WFA and AH). Using TTE, the anteroposte-
rior left atrial diameter was measured at end-systole
from the parasternal long-axis view [4]. Another mea-
surement of left atrial size was obtained using TEE
by measuring the largest diameter of the left atrium in
the 4-chamber view. Right atrial size was obtained by
measuring the largest diameter of the right atrium in the
4-chamber view using TEE. The size and contractility
of the right atrial appendage were also assessed — since
there is no standard method for measuring right atrial
appendage size, we subjectively graded the right atrial
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appendage as normal or large based on the impression
of the echocardiographers.

Using TEE, ventricular function (right and left) was
subjectively classified as normal or mildly, moderately,
or severely depressed. Mitral and tricuspid regurgita-
tion were graded using a semiquantitative scale (0 - +3)
based on color flow imaging [5, 6]. An interatrial septal
aneurysm was diagnosed if the atrial septum appeared
abnormally redundant and protruded into either atri-
um by > 1.1 cm’. Classification of the type of atrial
septal aneurysm was based on whether the aneurysm
protruded into the left or right atrium or both: type 1A
— continuous protrusion into the right atrium, type 1B -
predominant protrusion into the right atrium with pha-
sic excursion into the left atrium, type 11 — persistent
protrusion into the left atrium [7, 8]. All patients with
right atrial SEC were evaluated for a right to left shunt
across the interatrial septum after intravenous injec-
tion of agitated saline [7]. A right to left shunt was
diagnosed if microbubbles were visualized in the left
atrium immediately after their appearance in the right
atriun.

The medical records of all patients with right atrial
SEC were reviewed to determine the presence of the
following clinical features: age, hypertension, smok-
ing, diabetes, atrial fibrillation, valvular heart dis-
ease, myocardial infarction, cardiomyopathy, con-
gestive heart failure, pulmonary embolus, transient
ischemic attack (TIA), stroke, or peripheral embolus.
Prospective data on clinical outcome were obtained
from follow-up outpatient visits or telephone contact.

Results
Number of patients and clinical features

Of 648 patients undergoing TEE during the two year
study period, eight patients (1.2%}) had right atrial SEC
and 50 patients (7.7%) had left atrial SEC. The clinical
features of the eight patients with right atrial SEC are
shown in the table.

Indications for TEE were evaluation of mitral valve
disease (5 patients), congestive heart failure (1 patient),
TIA (1 patient), and pulmonary embolus (1 patient).
Five patients were in atrial fibrillation and one patient
was in atrial flutter; five patients had a history of con-
gestive heart failure; four patients had a history of
myocardial infarction; one patient (patient 3) had an
idiopathic cardiomyopathy.

Echocardiographic and cardiac catheterization find-
ings

The echocardiographic findings are shown in the table.
Four patients had right atrial SEC alone (patients 14),
three patients had right and left atrial SEC (patients 5—
7), and one patient with a mitral valve prosthesis had
SEC in both atria and the left ventricle (patient 8).

Three patients had moderate or severe mitral steno-
sis, two patients had moderate or severe mitral regurgi-
tation, four patients (patients 1,3, 7, 8) had moderate or
severe left ventricular dysfunction, and seven patients
had moderate or severe tricuspid regurgigation. Left
atrial and right atrial diameters were increased (diam-
eter > 40 mm) in each of the eight patients with right
atrial SEC. The size of the right atrial appendage tend-
ed to reflect the size of the right atrium i.e. the right
atrial appendage was graded as large in three of the four
patients with right atrial diameters exceeding 58 mm
{patients 2, 3, 5), whereas the size of the right atri-
al appendage was considered normal in four patients
with right atrial diameters less than 58 mm. Rythmic
contractions of the right atrial appendage were seen in
only one of eight patients with right atrial SEC (patient
2). Six of seven patients without contractions of the
right atrial appendage were in atrial fibrillation or atri-
al flutter.

A right to left interatrial shunt was present in three
patients, and one patient had an atrial septal aneurysm
without an apparent shunt by color flow or bubble
contrast. One patient (patient 6) had Lutembacher’s
syndrome (mitral stenosis and an atrial septal defect).
Thrombus was visualized in the left atrium in two
patients, left ventricle in one patient, and right atri-
um in one patient (Fig. 1).

Right heart catheterization was performed in three
patients, all of whom had markedly elevated right atri-
al, right ventricular, and pulmonary artery pressures
(table).

Thromboembolic events

Patient 2, a 48 year old male with a history of a
pulmonary embolus and an antero-septal myocardial
infarction, presented in coma. An arterial blood gas
revealed hypoxemia with a high pulmonary alveolar
to arterial oxygen gradient. A toxic screen identified
cocaine in his urine. A lung ventilation/perfusion scan
showed three large areas of mismatch. Pulmonary
angiography showed multisegmental filling defects.
Venous ultrasonography and venography of the low-
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Fig. 1. Transesophageal echocardiography findings in patient 3 who had an idiopathic cardiomyopathy. (a) transverse plane view shows large

right atrium (RA) with spontaneous contrast (arrows). (b) another transverse plane view shows large right atrium (RA) with clot (C). LA = left
atrium, tv = tricuspid valve, RV = right ventricle.
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Fig. 2. Transesophageal echocardiography findings in patient 2 who presented with multiple pulmonary emboli. (@) transverse plane view shows
massive enlargement of right atrium (RA) with spontaneous contrast (arrows). Color flow imaging (b) shows severe tricuspid regurgitation (TR

with arrow). A view of the interatrial septum (c) shows a right to left shunt through a patent foramen ovale (pfo) by color flow imaging. tv =
tricuspid valve, RV = ventricle, L.A = left atrium.
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er extremities were normal, nevertheless, a Greenfield
filter was inserted into the inferior vena cava.

TEE showed massive right atrial enlargement,
severe tricuspid regurgitation, right atrial SEC, and
a right to left shunt through a patent foramen ovale
(Fig. 2). Left ventricular function and the structure
and function of the pulmonary, mitral and aortic valves
were normal. The patient was discharged a month after
admission, did not return for follow up, and could not
be contacted.

Patient 4, a 56 year old man with a history of hyper-
tension and myocardial infarction, presented after four
episodes of speech arrest and right arm weakness. Each
of the episodes lasted less than five minutes. Comput-
erized tomography and magnetic resonance imaging
of the brain were normal. Carotid angiography showed
no evidence of extracranial or intracranial occlusive
disease. TEE showed right atrial SEC, a type 1B atrial
septal aneurysm, and no evidence of aright to left shunt
by bubble contrast or color flow Doppler. The patient
was treated with aspirin and has not had any recurrent
neurologic events in four months of follow-up.

Discussion
Frequency and etiology of right atrial SEC

Right atrial SEC is an uncommon finding at TEE. In
our study, only 1.2% of consecutive patients undergo-
ing TEE had right atrial SEC whereas 7.7% of these
patients had left atrial SEC. Previous reports have
focused on left atrial SEC, with only brief mention of
the clinical and echocardiographic features associated
with right atrial SEC.

Castello et al. [1] reported five patients with right
atrial SEC — one had mitral and tricuspid valve disease,
one had transposition of the great arteries and tricuspid
atresia corrected by the Fontan procedure, and three
had coronary artery disease with secondary right ven-
tricular dysfunction (one of these three patients had a
right ventricular infarction). All five patients were in
sinus rythm, three had significant tricuspid regurgita-
tion, and none had right atrial thrombus. Right atrial
size was significantly larger in the five patients with
right atrial SEC than in patients without right atrial
SEC (52 £ 10vs44 & 5p < 0.01).

Black et al. [2] briefly described eight patients with
right atrial contrast — six had atrial fibrillation, one
had severe left ventricular dysfunction, and one had
constrictive pericarditis. Chia et al. [9] described one
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patient with right sided cardiomyopathy, right atrial
SEC, and right atrial thrombus.

The findings in our study suggest that right atrial
enlargement, markedly elevated right ventricular pres-
sure, atrial fibrillation, and tricuspid regurgitation are
associated with right atrial SEC. Since it is relatively
common to identify one or more of these factors at TEE
in patients who do not have right atrial SEC, other fac-
tors may be involved in the genesis of SEC. A recent
study showed that patients with SEC have elevated fib-
rinogen levels compared to patients without SEC [10]
which suggests that both abnormal blood rheology and
hemodynamic factors may be necessary conditions for
SEC to develop.

Seven of our eight patients withright atrial SEC had
tricuspid regurgitation that was attributed to dilation
of the tricuspid annulus secondary to right ventricular
and right atrial dilation. It is of interest that severe
tricuspid regurgitation does not prevent right atrial SEC
whereas severe mitral regurgitation tends to prevent left
atrial SEC [2, 3]. The explanation for these findings
may relate to the higher pressure differential across
the mitral valve compared to the tricuspid valve when
these valves are incompetent [6] i.e. the high force of
a regurgitant jet from left ventricle to left atrium is
more likely to prevent stasis of blood than the lower
force associated with regurgitation from right ventricle
to right atrium,

Thromboembolism and right atrial SEC

The well established association of left atrial SEC and
increased risk of stroke [1-3, 10, 11] suggests that
right atrial SEC may also be associated with throm-
boembolism. Although two of the patients in our study
had thromboembolic events, the association of these
events with right atrial SEC is uncertain. In patient
2, we speculate that the massively enlarged right atri-
um with sluggish blood flow was the source of the
patients pulmonary emboli since no other source was
established. However, it is also possible that the right
heart findings at echocardiography were secondary to
pulmonary emboli (source uncertain) and severe pul-
monary hypertension.

In patient 4, the etiology of the left hemispheral
TIAs was not large artery cerebrovascular occlusive
disease since cerebral angiography was normal. The
patient had right atrial SEC and a type IB atrial septal
aneurysm that is usually associated with an interatrial
shunt [7]. This raises the possibility that the etiology
of patient 4’s TIAs was paradoxical embolism, but we
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were unable to demonstrate an interatrial shunt. It is
possible, however, that we may have missed a small
shunt.

Some authors have suggested that paradoxical
embolism through a right to left interatrial shunt may
be a common mechanism of stroke in patients with
cryptogenic stroke [12-14], however, other authors
maintain that paradoxical embolism is rare and is usu-
ally associated with concomitant pulmonary embolism
[15]. Patients with right atrial SEC, elevated right heart
pressures, and a right to left shunt through an interatri-
al septal defect may be a subgroup at particularly high
risk of paradoxical embolism. Three of eight patients
in our study had these echocardiographic features, one
of whom also had a right atrial thrombus. Nonethe-
less, none of these three patients suffered a systemic
embolus prior to TEE. Prospective data on embolic
risk in these three patients are not available because
two were lost to follow up, and the other patient under-
went repair of the septal defect. Further studies are
needed to clarify the association, if any, of right atrial
SEC and paradoxical embolism.
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