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Summary

To study the relations of central venous flow velocity (VFV) to cardiac pump function, hepatic
venons flow velocity was recorded using Doppler echocardiography in six normal subjects and 47
patients with heart disease, of whom 28 had sinus rhythm and 19, atrial fibrillation. The area
under the VFV profile during systole and diastole in a cardiac cycle was computed, and termed
the VIs (systolic time-velocity integral) and VId (diastolic time-velocity integral), respectively. VIs
was divided by the sum of VIs and VId [VIs/(VIs+VId)], and this was termed the VI ratio. The
cardiac index (CI) was estimated by Doppler echocardiography.

In normal subjects, the VFV pattern in a cardiac cycle was biphasic, the systolic VFV being
dominant. In patients with atrial fibrillation, the systolic VFV was attenuated or absent, the dia-
stolic VFV being dominant. The CI correlated well with the VI ratio (r=0.80; p<.001) in 14 pa-
tients with atrial fibrillation except for five patients with tricuspid regurgitation. Four patients in
whom atrial fibrillation converted spontaneously to sinus rhythm showed an increase in the CI and
the VI ratio according to the CI-VI ratio relationship. In patients with sinus rhythm, the CI
tended to decrease as the VI ratio increased. In 15 patients who had a VI ratio of over 0.75, the
CI correlated inversely with the VI ratio (r=-0.70; p<0.01). Three of four patients who had
the VI ratio of 1.0 died of congestive heart failure.

Although there was positive correlation between the CI and VI ratio in patients without ef-
fective atrial contraction, there was inverse correlation in patients with effective atrial contraction.
It is suggested that the VI ratio could be a good indicator of cardiac pump function.
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Fig. 1. Two-dimensional and pulsed Doppler echocardiograms illustrating the sample vol-

ume and hepatic venous flow velocity.

Upper: Cross-sectional imaging during the Doppler examination of the inferior vena cava (IVC)
and the hepatic vein (HV). The HV lies more superficially and in more favorable angle in relation

to the ultrasonic beam (arrow).

Lower: Venous flow velocity (VFV) in the HV is recorded by pulsed Doppler echocardiography
from the subxyphoid in a normal subject, showing a biphasic pattern with dominant flow during

systole.

RA =right atrium; s=systolic flow; d=diastolic flow.
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Fig. 2. Method of analyzing venous flow velocity
pattern (VFV) in the hepatic vein.

Areas under the VFV profile during systole and di-
astole in one cardiac cycle are integrated, and termed
VIs (systolic time-velocity integral) and VId (diastolic
time-velocity integral), respectively.

The VI ratio is calculated by the formula VI ratio=
VIs/(VIs+ VId).

FAR MR EE & UBERE

HofE i %E VIs (systolic time-velocity inte-
gral), SEHI DFEsMEEL VId (diastolic time-ve-
locity integral) & L7-. %7, —QJAHOLH
SHMET 5 Vs obwsi®Rs: VI | (Vis/
(VIs+VId)) :EzEL - (Fig. 2).
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Fig. 4. Venous flow velocity patterns in the hepatic vein in a case of spontaneous conversion

of atrial fibrillation (A) to sinus rhythm (B).

A : The systolic wave (s) is reduced.

B: Reappearance of atrial contraction is accompanied by the restoration of a larger systolic wave (s)

than diastolic wave (d).
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Fig. 5. Venous flow velocity pattern in the hepatic vein in a case of sinus rhythm with
pulmonary embolism resulting in low output state.
The diastolic wave (d) is absent. This patient died shortly after the study.
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Fig. 6. Correlations between thermodilution and Doppler measurements of cardiac index

(CD).

CI determined by the pulsed Doppler method correlates well with that by the thermodilution

method.
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Fig. 7. Correlation between the cardiac index (CI) and the VI ratio.

In cases of atrial fibrillation, the VI ratio correlates well with CI, except for 5 cases with the
tricuspid regurgitation. In 4 cases (*) of paroxysmal atrial fibrillation after spontaneous conversion
to sinus rhythm, the VI ratio increases in proportion to the increase in the CI. In cases of sinus
rhythm with the VI ratio over 0.75, there is a negative correlation between the VI ratio and the CI.
Three of 4 patients who have VI ratio of 1.0 died of heart failure (symbols of 1 in the figure).
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Fig. 8. Correlation between excursion of the atrioventricular (AV) junction and the VI ratio.
In cases of atrial fibrillation the VI ratio correlate well with excursion of the AV junction, except
for 5 cases with tricuspid regurgitation. In cases of sinus rhythm with the VI ratio over 0.75, a nega-

tive correlation is shown.

af=atrial fibrillation ; TR =tricuspid regurgitation; SR =sinus rhythm; t=death by heart failure.
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