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The use of contrast two-dimensional echocardiography in di-
agnosing adult congenital heart disease is assessed using illustra-
tive examples. The technique of contrast injection and visualiza-
tion is described. The clinical applications in evaluating septal
abnormalities, corrected transposition of the great vessels, persis-
tent left superior vena cava, and tricuspid valve abnormalities are
discussed. Applications during catheterization of the left side of
the heart are discussed. The routine use of this method in the
diagnosis of adult congenital heart disease should be limited to a
qualitative assessment of intracardiac structure and function.

Index terms: Heart defects, congenital, diagnosis » Heart,
ultrasound studies
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The discovery that the injection of normal saline or
indocyanine green in a peripheral vein produces strong
intracardiac echocardiographic reflections' has led to the
use of contrast two-dimensional echocardiography to ob-
tain a minimally invasive angiogram.

Many reports have demonstrated the value of M-mode
contrast echocardiography in the diagnosis of congenital
heart disease and these have been reviewed by Seward et
al? and Tajik and Seward.?> We present our experience with
two-dimensional centrast echocardiography in the diagno-
sis of adult congenital heart disease.

Mechanism and technique

When a bolus of liquid, injected through a peripheral
vein, arrives in the right cardiac chambers, it produces
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Fig. 1. A. Apical four-chamber view in a patient with an enlarged right atrium, demonstrating septal dropout (arrows).
B. Same view after injection of contrast agent clearly demonstrates the presence of an intact atrial septum (arrows).
LA = left atrium, LV = left ventricle, RA = right atrium, and RV = right ventricle.

highly echogenic interfaces that are readily de-
tectable echocardiographically. These echoes re-
sult from microscopic bubbles of gas dissolved in
the injected liquid."'5 The echocardiographic
contrast can thus be seen and followed in a way
similar to angiographic contrast agents.

Any nontoxic solution can serve as a contrast
agent. Dextrose in water and saline are com-

Table. Adult congenital heart diseases confirmed
by contrast two-dimensional echocardiography

Septal abnormalities and shunts
Autrial septal defects
Right-to-left shunts
Left-to-right shunts
Patent foramen ovale
Atrial septal aneurysms
Ventricular septal defects with right-to-left shunt

Corrected transposition of the great vessels
Persistent left superior vena cava
Abnormalities of the tricuspid valve

Ebstein’s anomaly
Tricuspid atresia

monly employed because they are inexpensive.
Indocyanine green provides more microbubbles
because of its surfactant properties.” Dissolved
carbon dioxide produces an even better contrast
effect.®”® This agent has been employed without
complications to evaluate pericardial effusions,’
and direct coronary injections have been safely
performed.’®

Contrast two-dimensional echocardiography is
performed after completing the routine two-di-
mensional study when additional structural ana-
tomic information is required or when there is a
question of an intracardiac shunt. The following
methodology is employed in our laboratory. A
venipuncture is made with a #19- or #21-gauge
short angiocatheter in an antecubital vein and
the catheter is connected to a three-way stopcock.
The sector scanner is initially placed in the apical
region and an optimal apical four-chamber view
is obtained. Appropriate gain settings are made.
While recording on videotape, a rapid (1-2 sec-
ond) hand injection of 10 mL of freshly diluted
indocyanine green is made and is immediately
followed by a flush with 10 mL of normal saline
through the other port of the stopcock.
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Fig. 2. A. Apical two-chamber view in a patient with an atrial septal defect before arrival of contrast agent.
B. Same view after contrast agent has passed from the right to the left atrium.
LA = left atrium, and LV = left ventricle.

Fig.3. A. Apical four-chamber view, showing right atrium and right ventricle filling with contrast agent.
B. Same view shows unopacified blood passing through the septal defect (arrow) causing negative contrast effect.
LA = left atrium, LV = left ventricle, RA = right atrium, and RV = right ventricle.
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A second injection is made in a similar way
with the sector plane along the left parasternal
long-axis view. A simultaneous M-mode record-
ing at the level of the mitral valve may be ob-
tained from this view to facilitate the timing of
appearance of the echocardiographic contrast
material.

Vol. 52, No. 2

Fig. 4. A and B. Subcostal four-chamber view, showing an
atrial septal aneurysm as it undulates between right atrium and left
atrium during the cardiac cycle.

C. Same view showing the aneurysm, well demarcated by con-
trast agent in the right atrium.

LA = left atrium, LV = left ventricle, and RA = right atrium.

Clinical applications

The Table summarizes the adult congenital
heart diseases whose diagnoses are most often
made or confirmed with the use of contrast two-
dimensional echocardiography. A brief discus-
sion of each of these abnormalities follows.
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Fig. 5. A. Apical four-chamber view in a patient who appeared to have a ventricular septal defect before arrival of contrast agent.
B. As the contrast agent arrives in the right side of the heart (arrow), the ventricular septum is proved to be intact.
LA = left atrium, LV = left ventricle, RA = right atrium, and RV = right ventricle.

168736914

Shunts and other septal abnormalities

Two-dimensional contrast echocardiography is
an excellent tool for the detection of right-to-left
shunts. When no shunt exists, microbubbles in-
jected in a systemic vein do not appear in the left
atrium or ventricle since they are filtered in the
pulmonary capillaries. Therefore, the appear-
ance of echocontrast in the left side of the heart
proves that a right-to-left shunt exists. This
method can also distinguish between intrapul-
monary and intracardiac right-to-left shunts be-
cause intrapulmonary shunts (pulmonary arteri-
ovenous fistulas) result in a delay of six to eight
cardiac cycles'' before contrast appears in the left
side of the heart, whereas intracardiac right-to-
left shunts produce an almost immediate transfer
of contrast to the chambers of the left side of the
heart.

Not only the presence and location of right-to-
left shunt lesions, but also their physiologic im-
portance can be assessed with this method. Pi-
eroni et al'> have shown that intravenously in-
jected microbubbles are visualized in the aortas
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of subjects with ventricular septal defects only
when right ventricular pressures approach sys-
temic levels. This allows patients with these le-
sions to be followed for signs of increasing pul-
monary vascular resistance or the development
of pulmonic stenosis without the necessity of car-
diac catheterization.

Perhaps the most common application of con-
trast echocardiography to adult congenital heart
disease is in distinguishing between atrial septal
defect and artifactual atrial septal dropout in
patients with suspected or known pulmonary hy-
pertension. In fact, conventional two-dimen-
sional echocardiography using the apical four-
chamber view frequently fails to visualize the
entire atrial septum because of septal dropout.
The subcostal four-chamber view sometimes im-
proves the visualization of this structure, but is
not feasible in many patients. Contrast echocar-
diography clarifies the presence, integrity, and
anatomical shape of the interatrial septum. A
dense cloud of echoes fills the right atrium and
delineates the surface of the septum if present
(Fig. 1). Right-to-left shunts through a septal
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Fig. 6. A and B. Apical four-chamber view shows contrast material from the right to the left ventricle through a ventricular septal
defect (black arrows). The open arrow shows the mitral valve. LA = left atrium, LV = left ventricle, RA = right atrium, and RV = right

ventricle.

defect are easily detected when contrast echoes
enter the left from the right atrium (Fig. 2). Not
only the presence, but the location of the intera-
trial shunt (ostium primum, secundum, sinus ven-
osus) can be determined with this technique. The
sensitivity and specificity of this method approach
100% in infants."® Excellent sensitivities and spec-
ificities have also been reported in adults.'*"”
Left-to-right shunting can be detected by a neg-
ative contrast or washout effect of contrast
echoes in the right atrium caused by unopacified
blood entering from the left atrium (Fig. 3). The
combination of positive and negative contrast
echocardiography has been found to be 96%
sensitive for the detection of an atrial septal de-
fect regardless of the direction of the shunt and
87% sensitive for the detection of an oximetri-
cally demonstrable left-to-right shunt through
such a defect by some investigators,lg though
others have been unable to confirm these results.

Some clinicians have indicted patent foramen

ovale as a possible cause of paradoxic em-
bolus.’**" Contrast echocardiography during a
Valsalva maneuver successfully establishes the di-
agnosis of patent foramen ovale® and this ma-
neuver also enhances right-to-left shunting of
echoes through small atrial septal defects.?®

Aneurysms of the interatrial septum are rare,
but their recognition is clinically important since
they have been associated with thromboembolic
complications.** With two-dimensional echocar-
diography, an aneurysm of the interatrial septum
appears as a membrane undulating between the
left and right atria. An injection of contrast agent
facilitates its recognition, size, and the eventual
presence of an associated atrial septal defect (Fig.
4).

Adults with undiagnosed congenital ventricu-
lar septal defect often have significant pulmonary
hypertension at the time of presentation. Detec-
tion of a defect and determination of shunt di-
rection is critical for the management of these
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Fig. 7. A.

patients. While the ventricular septum is usually
readily recognized with conventional two-dimen-
sional echocardiography, significant echo drop-
out does occur at times in its membranous por-
tion. Contrast echocardiography delineates the
septal contours and spillage of contrast echoes
from the right into the left ventricle, indicates a
ventricular septal defect with a right-to-left shunt
(Fig. 5 and 6). One group of investigators has
reported successful detection of both right-to-left
and left-to-right shunts through ventricular sep-
tal defects®® using both positive and negative
contrast effects.

Other intracardiac shunts reportedly diag-
nosed by two-dimensional contrast echocardiog-
raphy include partial anomalous pulmonary ve-
nous return,?® superior vena cava drainage into
the left atrium,?” and ruptured sinus of Val-
salva.?8

Corrected transposition of the great vessels

By carefully identifying each valve, great ves-
sel, and muscular structure, conventional two-
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Four-chamber apical view of a patient with corrected transposition of the great vessels, showing the tricuspid valve’s
position close to the apex.

B. Same view after arrival of contrast agent in the right atrium and morphological left ventricle.
LV = left ventricle, MV = mitral valve, RV = right ventricle, and TV = tricuspid valve.

dimensional echocardiography usually permits
the correct recognition, morphologically, of the
left and right ventricles. The position of the
tricuspid valve closer to the cardiac apex thereby
permits the recognition, anatomically, of the
right ventricle. However, this does not differen-
tiate between the venous and the systemic ven-
tricle. This differentiation is crucial in the diag-
nosis of corrected transposition of the great ves-
sels. For this reason, standard two-dimensional
echocardiography may not provide sufficient in-
formation to make this diagnosis. When contrast
echoes from a peripheral injection arrive in the
right atrium and then pass into the left ventricle,
anatomically recognized by the attachment of the
right atrioventricular valve, the diagnosis of cor-
rected transposition is easily made (Fig. 7).

Persistent left superior vena cava

Two-dimensional contrast echocardiography
has been most helpful in this diagnosis. The best
views are parasternal long axis and apical four
chamber. The dilated coronary sinus appears as
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Fig. 8. A. Parasternal long axis view showing dilated coronary sinus (arrows) of a patient with a persistent left superior vena cava.
B. Same view as injection of contrast agent in the left arm enters the coronary sinus (arrow).
Ao = aorta, LA = left atrium, and LV = left ventricle.

an elliptical structure at the level of the atrioven-
tricular groove near the posterior leaflet of the
mitral valve. Echocardiographic contrast agent
injected into a left arm vein fills this chamber
with microbubbles (Fig. §), but when injected
into a right arm vein, microbubbles are seen only
in the right atrium and ventricle. Two-dimen-
sional contrast echocardiography has shown this
anomaly to be common, especially among pa-
tients with other congenital heart lesions.?:

Abnormalities of the tricuspid valve

Standard two-dimensional echocardiography
using the apical four-chamber view readily doc-
uments the characteristic downward displace-
ment of the tricuspid valve in Ebstein’s anomaly.
Two-dimensional contrast studies assist in the
evaluation of the presence and degree of tricus-
pid insufficiency in patients with Ebstein’s anom-
aly. The subcostal transducer position is ideal for
the visualization of the regurgitation of contrast
echoes from the right atrium into the inferior
vena cava. Though a method of semiquantitative

assessment of the degree of tricuspid regurgita-
tion has been devised by timing the delay of
clearance of the contrast echoes from the inferior
vena cava, this technique is poorly suited to the
regurgitation seen in Ebstein’s anomaly because
of the large right atrium, which receives the
regurgitant flow of blood.

Tricuspid atresia is another congenital defect
for which two-dimensional contrast echocardiog-
raphy can play a role.’" The absence of a direct
communication between the right atrium and
ventricle is readily detected by following the
course of the contrast echoes. The presence of a
ventricular septal defect can also be ascertained.

Left-sided injections

The use of contrast echocardiography to study
the left side of the heart is not new. In fact, the
first application of this method was in the study
of the aortic root.” Left-sided injections never
gained popularity because they necessitate cath-
eterization of the arterial circulation. However,
when contraindications prohibit the use of radio-
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opaque contrast agent or ionizing radiation, two-
dimensional contrast echocardiography can be
used for positioning catheters, ventriculography,
and estimation of the degree of valvular incom-
petence.*®** Another obvious clinical application
of contrast echocardiography during cardiac
catheterization is in evaluating the existence and
direction of intracardiac shunts. This technique
enables the invasive cardiologist to limit the num-
ber of contrast injections and to complete a study
with minimal risk from high dye loads. The
method has been used successfully at our insti-
tution in the visualization of coronary artery fis-
tulous connections to the right side of the heart.

Conclusion

Contrast echocardiography has utility in the
noninvasive diagnosis of various congenital heart
defects in the adult. Its proved usefulness is pres-
ently limited to obtaining qualitative information
concerning the presence, absence, location, and
direction of intracardiac shunts and to the clari-
fication of right-sided intracardiac anatomy and
in some special circumstances to the morphology
of the left side of the heart. It is especially and
most frequently helpful in determining the exist-
ence and direction of intracardiac shunts in pa-
tients with suspected or known pulmonary hy-
pertension. Newer applications, such as the meas-
urement of intracardiac flow velocities,* are of
unproved utility in patients with congenital heart
disease.
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