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Summary

To assess the feasibility and accuracy of measuring cardiac outputs (CO) by two-dimensional
(2-D) pulsed Doppler echocardiography, taking samples at the main pulmonary artery just beyond the
pulmonary valve, 62 cardiac patients were studied. The results obtained were compared with CO values
determined by the thermodilution technique.

2-D Doppler echocardiograms suitable for computing CO were recorded in 37 (60%) of 62 patients.
A significant correlation (r=0.64) was observed between 2-D echocardiographic and angiographic
pulmonary ring diameters (PRD), but the echocardiographic PRD was smaller than that of angio-
graphy by 0.4+0.2 cm. Thus, to compute the Doppler CO, the echocardiographic PRD had to be
corrected by the difference between the angiographic and echocardiographic PRD. The angle between
the ultrasound beam and the pulmonary blood flow was 7.8+6.1° (0~18°), and this was negligible
for computing the Doppler CO. Even in cases with atrial fibrillation, the Doppler CO could be com-
puted as is done in sinus rhythm. The correlation between the thermodilution and Doppler CO was
highly significant (r=0.92), and the regression equation was as follows:

Thermodilution CO=1.09 x (Doppler CO)—0.19

The difference between thermodilution and Doppler CO was 3.4+10.0%, (—21~421%,). Com-
paring the differences in CO between the thermodilution and dye-dilution techniques, those between
thermodilution and the Fick methods, and those among thermodilution methods reported in the liter-
atures, the difference in this study was not large and was acceptable.

Thus, measurement of CO by pulsed Doppler echocardiography, with sampling entrance to
the main pulmonary artery, can be used clinically.
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Fig. 1. Two-dimensional echocardlogram of the main pulmonary artery and the Doppler

sampling site.

Left panel shows the two-dimensional echocardiogram of the main pulmonary artery (PA), the right
ventricular outflow tract (RVOT), and the short axis of the aorta (AO). A solid line indicates the ul-
trasonic beam direction. The site of sampling volume (SV), which is just beyond the pulmonary
valve within the main pulmonary artery, is indicated by an arrow. Right panel illustrates pulmonary
ring diameter (PRD) and angle () between the ultrasonic beam (solid line) and the pulmonary blood

flow (dashed line).
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Fig. 2. Doppler flow curve.
Doppler shift spectrum is shown, which is sampled in the vicinity of the pulmonary valve within

the main pulmonary artery. The M-mode echocardiogram, electrocardiogram (ECG) and phonocardio-

gram (PCG) are simultaneously recorded. Dotted area indicates the Doppler shift frequency integral.
TOWARD =flow direction toward transducer; AWAY =flow direction away the transducer.
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Table 1. Classification of diagnosis, age and
sex of the two groups

Diagnosis Group I Group II Total
Valvular heart disease 12 7 19
Old myocardial infarction 8 6 14
Angina pectoris 5 4 9
Chest pain syndrome 4 2 6
Dilated cardiomyopathy 3 2 5
Hypertrophic

cardiomyopathy 2 1 3
Aortitis syndrome 2 1 3
Postpartal

cardiomyopathy 1 1
Complete atrioven-

tricular block 1 1
Arrhythmogenic right

ventricular dysplasia 1 1

Total 37 (60%,) 25 (40%) 62 (100%)
Age (mean+SD) 50+9 50+12 50+11
Sex Male 24 14 38

Female 13 11 24

Group I: Doppler cardiac output (DCO) is
obtained successfully, Group II: DCO is not ob-
tained because of poor quality of 2-dimensional or
Doppler echocardiograms.
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Fig. 3. Comparison of two-dimensional echo-
cardiographic pulmonary ring diameters meas-
ured by two observers.

Obs 1=the first observer; Obs 2=the second ob-
server.
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Fig. 4. Correlation between angiographic and
echocardiographic pulmonary ring diameters.
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Fig. 5. Difference between angiographic and
echocardiographic pulmonary ring diameters.
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Fig. 6. Angles between the ultrasonic beam
and the pulmonary blood flow direction.
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Fig. 7. Comparison of heart rates at the times
of the thermodilution and Doppler cardiacout-
put measurements.

Solid lines indicate cases with sinus rhythm and
dashed lines those with atrial fibrillation.
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Fig. 8. Effect of the difference of heart rate on
cardiac output.

The values of cardiac output are equally scattered
on both sides of the linear regression line, regardless
of the difference of heart rate. The regression line in
this panel is the same as one in Fig. 10.

HRqy=heart rate in cardiac output measurement by
the thermodilution technique; HRp =heart rate in car-
diac output measurement by the Doppler technique.

BLRERY, BEOY L AARY 2 — ANOIMFH
FRHTEZRICHB?. Lal, Y ARy
2 — ADMWAAEL RhiE, BVELEEKEZS
B ohisnh s, RHTTRERERET &R S h
2. FHBIIREERIIIOEES 5 Scm DESITH
Bl (Fig. 1), AZEE O L EB S 6 KHz
(R FTRERC KRR 9cm) %BINRTE, RHHFTEE
RETEEA S cm/Fb L e . —7, BEHFOM
BRI 13X 100 cm/BLLTFTh 30510, K
WAOEFIZAEBTUEFETHS. FE, &
[EIFEE T & 7z 37 iz &F R EEHE 95 cm/FHLL
TTholehd, ThEBIBEFCOVWTH, K
ST VR LB REN D D, EFICX > TiZ
HIEFTRETH 5 5.

2. JfiBHAR L > A

BEEOADOOTEMIL, EiRAIc b ERD

846 —



Rz F7o—ic X3 0HEERE

Table 2. Correlation between the thermodilution and Doppler cardiac outputs for different

pulmonary ring diameters (PRD)

PRD for calculation r SEE Slope Y intercept
Echocardiographic diameter 0.921 0.44 1.48 0.22
Echocardiographic diameter corrected by the regression

equation between Angio and Echo* 0.87t 0.60 1.13 —0.26
Echocardiographic diameter corrected by the difference
between Angio and Echo (0.4 cm)** 0.92t 0.47 1.09 —-0.19

r=correlation coefficient ; SEE =standard error of the estimate. *: see Fig. 4, **: see Fig. 5, T: p<0.001.
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Fig. 9. Correlation between the thermodilution
and Doppler cardiac outputs.

To compute the Doppler cardiac output, the echo-
cardiographic pulmonary ring diameters are corrected
by the regression equation indicated in Fig. 4.

SR =sinus rhythm; af=atrial fibrillation.
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Fig. 10. Correlation between the thermodilu-
tion and Doppler cardiac outputs.

To compute the Doppler cardiac output, the
echocardiographic pulmonary ring diameters are
corrected by the mean difference (0.4 cm) as indi-
cated in Fig. 5.
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Fig. 11. Difference between the thermodilution
and Doppler cardiac outputs expressed in
percentages.
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