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Summary

Contrast echocardiography utilizing a two-dimensional ultrasound system and peripheral venous
injection was performed in 106 cases to evaluate the diagnostic usefulness for detecting valvular in-
competence. Two ml of indocyanine green dye (10 mg) pushed by the 10 ml of cooled saline was
rapidly injected by hand via cubital vein or through the catheter.

Commonly utilized transducer locations were parasternal, apical, or subxiphoid.

The great number of patients were tested for the detection of tricuspid insufficiency (TI), and
the following observations were considered the evidence of this entity: 1) an enlarged inferior vena
cava (>20 mm), 2) the appearance of contrast in the inferior vena cava throughout systole or in late
systole after dye injection, 3) the enhance phenomenon of hepatic echo by contrast medium, 4) an
enlarged atrium and right ventricle, 5) the negative contrast echo above the tricuspid valve due to
regurgitant flow, and 6) the back and forth movement of contrast across the tricuspid valve.

Correlative study of the echographic findings with other data disclosed that the patients with
phonocardiographic (either precordial or intracardiac) evidence of T1I had the echographic signs above-
mentioned in all (32 cases) without exception. The cases with enlarged inferior vena cava without
clinical evidence of TI (11 cases) had the contrast echoes in the inferior vena cava in 9 cases. How-
ever, the timing and mode of the echoes were completely different from the cases of T1I, i.e., the ab-
normal echoes in the inferior vena cava appeared during atrial contraction or early diastolic phase.
Shunt flow due to atrial septal defect may also give rise to the same phenomenon. In the patients
with obstructive lung disease, marked regurgitant flow into the inferior vena cava was observed during
early expiratory phase. Control group (49 cases) showed no abnormal appearance of the contrast in
the inferior vena cava, which was essentially of normal size. Thus, the contrast echoangiography
was thought to be highly diagnostic, in both specificity and sensitivity, for TI.

On the other hand, echoangiography had great limitations in the procedure for the left-sided
valvular insufficiency, simply because it was not noninvasive. Even if it was performed during cathe-
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terization, the echoes may be missed by single examination, probably because of the inadequate selec-
tion of the cross-section. However, adequately selected cross-sectional plane enabled us to detect mini-
mal regurgitation or shunt, which may not be detected by routine angiography or dilution technique.
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Fig. 1. Schematic drawing of the heart demonstrating the plane utilized for obtaining

inferior vena cava and right atrium.

SVC=superior vena cava; IVC=inferior vena cava; AO=aorta; Hep. V=hepatic vein; RA=
right atrium; LA=left atrium; LV=left ventricle; RV=right ventricle; PA=pulmonary artery;
LA, =left atrial appendage; RA,=right atrial appendage.

Fig. 2. Schematic drawing of the heart demonstrating the plane utilized for obtaining

four chambers of heart.

IAS =interatrial septum; MV =mitral valve; TV=tricuspid valve; IVS=interventricular septum.

Other abbreviations are the same as Fig. 1.
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Fig. 3. Contrast echoangiograms in a normal patient (28-year-old female) demonstrating
right atrium (RA) and inferior vena cava (IVC).

A late diastole, B: atrial systole, C: early systole, D: mid-systole, E: end-systole, F: early dias-
tole.

Right atrium is filled with contrast echoes (A). With atrial contraction minimal backflow into the
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inferior vena cava is observed (B). Following the onset of systole, a bolus of unopacified blood be-
gins to enter into the right atrium from the inferior vena cava and gives a negative contrast effect
(C, D). Contrast echoes move toward the inferior vena cava again at the late systole, but never drain
into the inferior vena cava. At the early to mid-diastole, a negative contrast effect is observed at the
right atrium-inferior vena cava junction (E, F).
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Fig. 4. Contrast echoangiograms in a patient with congestive cardiomyopathy, tricuspid
insufficiency and paced heart (47-year-old female).

A: Frame in the plane of the inferior vena cava and right atrium before the dye injection. B: Im-
mediate opacification of right atrium after injection. C, D: With subsequent systole contrast echoes
appear in the inferior vena cava and hepatic vein. Hepatic echo is enhanced. E, F, G: With onset
of ventricular diastole contrast echoes in the inferior vena cava drain into the right atrium and the
inferior vena cava becomes echo free at end-diastole. H: Again, with subsequent systole contrast
echoes flow back into the inferior vena cava. The inferior vena cava is enlarged (diameter: 23 mm).
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Fig. 5. Contrast echoangiograms in the same patient as Fig. 4.

A: Four chambers’ view (before the dye injection), B: With injection, dense echoes appear in the
right atrium and right ventricle, but there is bolus of unopacified echo just above the tricuspid valve,
indicating tricuspid regurgitation during systole. C: With subsequent ventricular diastole contrast
enters into the right ventricle. D: With onset of ventricular systole, again bolus of unopacified echo
is shown above the tricuspid valve. Throughout this sequence, the left atrium and left ventricle re-

main echo free.
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Fig. 6. M-mode echocardiogram recorded during contrast echoangiography in a pa-
tient with mitral stenosis and tricuspid insufficiency (51-year-old male).
Contrast echo in the inferior vena cava (IVC) during whole systole is shown. HV =hepatic vein.
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Table 1. Summary of clinical data of 31 patients with tricuspid insufficiency

Group Number Pansystolic Rivello Hepatomegaly Pulsatile JVP tracing Atrial Clinical
murmur Carvallo’s liver fibrillation setting
sign
a 3 3/3 3/3 3/3 3/3 Ventriculari- 2/3 1 ASD
zation 1 MI
1 TVP
b 3 0/3 3/3 3/3 3/3 Ventriculari- 2/3 2 COCM
zation 1 Myo. Inf.
c 11 11/11 8/11 10/11 6/11 type II 4/11* 11/11 9 MS
type I1I 7/11 2 ASD
d 6 6/6 6/6 0/6 0/6 type I 6/6 0/6 2 LA myxoma
1 MVP
1 COCM
1 Eisenmenger
1 Constrictive
Pericarditis
e 3 2/3 1/3 2/3 2/3 type I  1/3*  2/3 1 T/F
type II  1/3 1 TVR, MS
type III 1/3 1 MIS
incomplete 5 5/5 5/5 4/5 No record No record 3/5 3 MS
recordings 1 Lymphoma
1 Myo. Inf.

JVP=jugular venous pulse; ASD =atrial septal defect; MI=mitral insufficiency; TVP=tricuspid valve pro-

lapse; COCM =congestive cardiomyopathy

Myo. Inf.=myocardial infarction; MS=mitral stenosis; LA

myxoma=left atrial myxoma; MVP=mitral valve prolapse; T/F=tetralogy of Fallot; TVR =tricuspid valve

replacement; MIS=mitral insufficiency with stenosis.

< b (6 41).
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*

: see ref. 17.
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Fig. 8. Echoangiograms in a patient with mitral stenosis, atrial fibrillation and tricuspid
insufficiency which is induced only by exercise (36-year-old male).

Echoangiograms show minimal but definite contrast echo in the inferior vena cava during systole.
No contrast echo is shown in the inferior vena cava during diastole.
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Fig. 9. Serial echoangiograms in a patient with mitral stenosis, tricuspid insufficiency and

atrial fibrillation (43-year-old female).

A just after the dye injection. B: early systole. C: mid-systole. D: early diastole. E: mid-diastole.

F: late diastole. G: early systole. During whole systole massive backflow of the dye into the inferior

vena cava is observed. With subsequent diastole contrast medium starts to flow forward into the right

atrium, but most of them remain in the inferior vena cava without being washed out.

BESEDHETHEIFLAR > TV T4
bbb, 1) LEIEICEE S T, ORIGERE

BRJE LT FKER~ D% 78w 5 0 (Fig.
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WS4 — v RRL, FOIGEN S Lty —
BLoiwvd, b5VIE ) ERE-AEMO&ERK Y
=y MY, WGHERN 2 SRR 2 T T
KFRSR A BE SN 201 Th 5. EHplcHR D
NI EEPIOHZD S8 —2 2L BL0% 65
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Fig. 10. M-mode echocardiogram recorded during contrast echoangiography in a pa-
tient with rheumatic mitral insufficiency (66-year-old female).

The inferior vena cava (IVC) is enlarged and contrast echo in the inferior vena cava is observed but
limited to the atrial systole.

Fig. 11. M-mode echocardiogram recorded during contrast echoangiography in a pa-
tient with rheumatic mitral insufficiency and atrial fibrillation (54-year-old male).

Contrast echo in the inferior vena cava (IVC) is observed but limited to the early diastole.
HV =hepatic vein.
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Fig. 12. Series of still frames of contrast echoangiograms in a patient with ventricular
septal defect, aortic insufficiency and the ruptured aneurysm of the sinus of Valsalva
(20-year-old male).

A long axis view of the left ventricle. B: after the dye injection into the aorta, echoes flow back
into the left ventricle, indicating the presence of aortic regurgitation. C: bolus of dye enters into right
ventricular outflow tract through the ruptured aneurysm of the sinus of Valsalva. D, E: with sub-
sequent systole contrast medium starts to be washed out from the left ventricle into the aorta. Con-
trast echoes are localized at the outflow tract of the left ventricle which is the sign of aortic insuffi-
ciency of mild degree.
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X 2 ZRFAHGIREDWIILAEICE L Tk, New
York Heart Association oJL#E® 234 2. F7
bbb, 1) SR X 0RO IEHE), Hic
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e O WA EHRO 4 FTH 5.

Fig. 13. Still frame during diastole in a patient with Takayasu’s disease and aortic insuf-

ficiency (39-year-old female).

Indocyanine green and saline is injected in the aortic root, and the left ventricle is opacified

completely by the contrast medium, but the left atrium remains echo free. Left ventricular cine-

angiogram shows aortic regurgitation of grade II.
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