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Summary

Noninvasive detection of intracardiac blood flow was attempted to provide a precise diagnosis of
tricuspid and pulmonary insufficiency, using a pulsed Doppler flowmeter (carrier frequency=2.5 MHz,
pulse repetition frequency=5 KHz, sample volume=1 mm X 3 mm X 3 mm). The location of the sample
site was identified with simultaneous recordings of A~ and M— mode echocardiograms, and subsequently
confirmed by two-dimensional echocardiography. The Doppler output was analyzed by a soundspectro-
graph. The study population consisted of 10 healthy subjects, 7 patients with tricuspid insufficiency
and 3 patients with pulmonary insufficiency. The diagnosis of tricuspid insufficiency was confirmed at
surgery in all patient and all of these also had aortic and/or mitral valve diseases. Three of them
had a pansystolic blowing murmur, but the remaining 4 patients had no significant systolic murmur
specific for tricuspid insufficiency. All of 3 patients with pulmonary insufficiency had Graham Steell
murmur.

In healthy subjects, two-peaked flow signals toward the transducer were observed as a rapid in-
flow peak in early diastole and a presystolic peak due to atrial contraction. No significant flow signal
during systolic phase was observed in the right atrial outflow tract. In the right ventricular outflow
tract, systolic flow signals away from the transducer were detected, revealing a dome-like shaped pattern.
These flow signals, revealing a narrow frequency band pattern, indicated a laminar flow.
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In patients with tricuspid insufficiency, unidirectional or bidirectional abnormal flow signals with
a wide frequency band width, a disturbed flow, were detected within the right atrium just below the
tricuspid valve during systole. These flow signals appeared in the isovolumic contraction phase and
continued up to the isovolumic relaxation phase. Thus, these abnormal signals indicate a tricuspid
regurgitant flow. These abnormal flow signals were also observed in 4 patients without tricuspid re-
gurgitant murmur, in whom the diagnosis was proven at operation as well as in the other 3 patients.
In patients with pulmonary insufficiency, bi-directional flow signals with a wide frequency band width
were observed in the right ventricular outflow tract during diastole. In one of them it was noticeable
that the duration of the regurgitant flow signals was different among the sample sites. In the central
site of the right ventricular outflow tract the regurgitant flow signals were observed from the isovolum
ic relaxation phase to isovolumic contraction phase. On the other hand, in the medial site these signals
were present only in the early diastole. These findings suggested that in early diastole the regurgitant
flow signals were detected in a wide area probably because of the massive regurgitation and in late
diastole the regurgitant flow decreased with a decrease in the pulmonary artery-right ventricular
pressure gradient and eventually resulted in diminishing the area.

Thus, the combined use of the ultrasonic pulsed Doppler technique and two-dimensional echo-
cardiography was of great use for the noninvasive diagnosis of tricuspid and pulmonary insufficiency.

Key words
Pulsed Doppler technique Tricuspid regurgitation Pulmonary regurgitation Two-dimensional
echocardiography Blood flow
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Fig. 1. A schematic drawing of the system.

The location of the sample site is identified with simultaneous recordings of A- and M-mode

echocardiograms, and subsequently confirmed by two-dimensional echocardiography.
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Table 1. Clinical features of the patients

Patient Syst. Murmur Graham Steell %

no. Age/Sex  Diagnosis (specific for TI) Murmur Severity of TI
Group A

1. 49/F MSI & TI yes moderate

2. 42/M ASI, MSI & TI yes moderate

8. 39/M MSI & TI yes moderate

4. 34/M MST & TI no moderate

5 46/M MS & TI no moderate

6. 54/M AL, MSI & TI no mild

7 38/F MS & TI no mild
Group B

8. 37/F ASD & PI yes

9. 52/M PPH & PI yes

10. 36/F PPH & PI yes

*The severity of TI was confirmed by operation in Group A.

Abbreviations: MS = mitral stenosis; MSI = mitral stenosis and insufficiency;

ASI = aortic stenosis and insufficiency; Al = aortic insufficiency; TI = tricuspid
insufficiency; ASD = atrial septal defect; PPH = primary pulmonary hypertention;
PI = pulmonary insufficiency; F = female; M = male.
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Fig. 2. The soundspectrographic display of the flow signals detected in the right atrial
outflow tract in a healthy subject (H. K., 27-year-old male).

T'wo-peaked flow signals toward the transducer with a narrow frequncy band width was observed as
a rapid inflow peak in early diastole and a presystolic peak due to atrial contraction in late diastole.
No significant flow signal was observed during systole.
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mid-systole

Fig. 3. Flow signals in the right atrial outflow tract in a patient with tricuspid insufficiency
(S. T., 49-year-old female).

Right panel: The ultrasonic beam direction and the sample site are shown as a white line and a
white rectangular-shaped mark, respectively, in the ECG gated two-dimensional echocardiogram.

Left panel: Regurgitant flow signals during systole reveal a bidirectional wide frequency band
pattern. The output level of the flow signals away from the transducer is higher than that of the
flow signals toward the transducer. These signals are observed from the isovolumic contraction
phase to the isovolumic relaxation phase.

R and L=right and left side of the patient, respectively; RA=right atrium; RV =right ventricle;
LA =left atrium; LV=left ventricle ; IVS=interventricular septum.

mid-systole

Fig. 4. Flow signals in the right atrial outflow tract in a patient with tricuspid insuffi-
ciency (H.T., 40-year-old male).

Right panel: The ultrasonic beam direction and the sample site are shown in the electronic sector
scanning two-dimensional echocardiogram.

Left panel: Regurgitant flow signals reveal a bidirectional wide frequency band pattern during
systole. In this patient these flow signals away from and toward the transducer have almost the same
output level.

TV =tricuspid valve; Other abbreviations are the same as in Fig. 3.
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Fig. 5. Flow signals in the right atrial outflow tract in a patient with tricuspid insuffi-

ciency (M. W., 31-year-old male).

Right panel: The ultrasonic beam direction and the sample site are shown in the two-dimensional

echocardiogram.

Left panel: Regurgitant flow signals during systole reveal unidirectional wide frequency band

pattern.
Abbreviations are the same as in Fig. 3.
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Fig. 6. Flow signals in the right ventricular outflow tract in a healthy subject (S. N., 28-

year-old male).

Blood flow signals away from the transducer are obtained in systole, revealing a dome-like shaped
narrow frequency band pattern. In diastole, small but long-lasting flow signals away from the trans-

ducer are detected, showing a peak in early diastole.

Ao A EITE, GRS 3 — e T K — a2
D, PR X 035 & A B e 2 = 7 b oL
SN u— BB D AEBFHILEES 2 R S h,
PERRINC L ERALT- 20 SR S H 5, T b b
FFi~m H Ko MBEEST 2 % i & h iz
(Fig. 6).

—75, MEIIRS SR 2F < TR, S5
YRR A % BIAHIR 2 =7 bt s — oD

WMLTAE 52558 bhie. 5 b 1 FlIcs T
LGRS OREGERE R 235 ALIC X - THe -
72 (Fig. 7). /b b, Lk P (Fig. 7, £)
(REN B X 5 AT HEE o e TR BRI
DEH X VIRE D, RO VI L ISR
21 5 MU S S 2598 & e s (Fig. 7, 22), 20
AL L D b P BRI OB & ViR E 523,
R O ELD CILRAE 5 2358 b vz (Fig. 7, 72 1),

— 576 —



ZNVA R T T —RIC X B ZRI, BIIRS SR OB

Late diast.

Fig. 7. Flow signals in the right ventricular outflow tract in a patient with pulmonary

insufficiency (Y. H., 37-year-old female).

Right panel: The ultrasonic beam directions and the sample sites are shown.
Left panel: Regurgitant flow signals during diastole reveal a bidirectional wide frequency band
pattern. The duration of the regurgitant flow signals was different among the sample sites. In the

central site (2) of the right ventricular outflow tract, the regurgitant flow signals are obtained from
the isovolumic relaxation phase to the isovolumic contraction phase. On the other hand, in the medial
site (1) these signals are present only in the early diastole.

PA =pulmonary artery; Ao=aorta; Other abbreviations are the same as in Fig. 3.
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