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This study was conducted to determine the gestational age-related reference range of the preload
 

index［peak velocity during atrial contraction (A)/peak velocity during ventricular systole(S)］for
 

the inferior vena cava (IVC), the right hepatic vein, the middle hepatic vein and the left hepatic
 

vein. The slope and the intercept of the regression line for each preload index were compared among
 

the 4 veins using analysis of covariance. Doppler measurements were obtained for the 4 veins of 316
 

normal fetuses at 22-40 weeks of gestation. A and S values were measured from the recorded flow
 

velocity waveform of each vein and the A/S ratio was calculated as the preload index. The
 

regression lines for the preload index of the 4 veins decreased gradually throughout gestation.
Analysis of covariance revealed no significant differences in the slopes of the regression lines for the

 
4 veins. However, the intercepts of the regression lines for all hepatic veins were significantly

 
higher than that of the regression line for the IVC( ＜0.0001), with the difference ranging from

 
0.024 to 0.033. There were no significant differences among the intercepts of the regression lines for

 
different hepatic veins. We concluded that the relationship between the preload index and the

 
duration of gestation was statistically similar for all hepatic veins, and strongly resembled that for

 
the IVC.
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A bnormal flow velocity waveforms of the inferior
 

vena cava(IVC), showing increased reverse flow
 

during atrial contraction, have been reported in various
 

fetal pathologic states, including arrhythmia［1］,
hydrops fetalis［2, 3］, and growth restriction［4-8］.
Thus, evaluation of IVC flow has recently been recog-
nized as important in the assessment of fetal diseases.

The hepatic veins drain directly into the IVC just under
 

the diaphragm［9-11］. In normal adults［12, 13］and
 

normal children［14］, hepatic vein flow velocity wave-
forms have been reported to be similar to the flow

 
patterns in the IVC and the superior vena cava(SVC). In

 
normal human fetuses, the flow patterns in the IVC and

 
the right hepatic vein(RHV)have also been reported to

 
be similar［15, 16］. However, in the hepatic veins of

 
compromised fetuses such as those with growth restric-
tion, the atrial contraction wave velocity increases, as in

 
the IVC flow pattern［17］.
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Accordingly, the analysis of flow velocity patterns in
 

hepatic veins is gaining recognition as a significant indica-
tor for compromised fetuses, as is already the case for the

 
IVC. Since the IVC runs parallel to the long axis of the

 
fetal trunk, it is not so easy, in many cases, to set the

 
incidence angle of the ultrasound beam at an appropriate

 
angle of 60°or smaller. The hepatic veins, comprising

 
the RHV, the middle hepatic vein (MHV)and the left

 
hepatic vein(LHV), traverse the liver and drain into the

 
IVC just beneath the diaphragm, making it easier to set

 
the ultrasound beam at a proper angle to them. If analysis

 
of flow velocity waveforms in the hepatic veins could be

 
substituted for the analysis of IVC waveforms, easier and

 
more accurate evaluation of fetal cardiac function would

 
become possible. However, the association between the

 
flow velocity pattern of the IVC and that of the hepatic

 
veins has never been investigated. In the present study,
we measured the flow velocity of the IVC, the RHV, the

 
MHV and the LHV in normal human fetuses and calcu-
lated the preload index［2］as the ratio of the peak

 
velocity during atrial contraction to the peak velocity

 
during ventricular systole. Gestational age-related normal

 
ranges of the preload index for the IVC, the RHV, the

 
MHV and the LHV were determined, and differences in

 
the preload index were compared among the 4 veins.

Materials and Methods
 

The subjects were 325 normally developing singleton
 

fetuses at 22-40 weeks of gestation, in whom the IVC,
the RHV, the MHV and the LHV could all be measured.
The flow velocity waveforms of the IVC, the RHV, the

 
MHV and the LHV were simultaneously recorded by

 
pulsed Doppler ultrasonography with color flow mapping.
Flow velocity waveforms from the IVC were recorded on

 
a longitudinal scan through the trunk;the sample volume

 
was established as close as possible to the right atrium.
The RHV, the MHV and the LHV were visualized on an

 
oblique transverse scan through the upper abdomen, and

 
the sample volume was established in the main trunk of

 
each vessel as close as possible to the IVC. Flow velocity

 
waveforms were recorded in the absence of fetal breathing

 
movements and fetal movements［18］. To minimize

 
measurement errors, the probe was kept at an incident

 
angle of less than 60°relative to the target vessel.
The flow velocity waveforms of the RHV, the MHV

 
and the LHV showed a three-phase pulsatile pattern

 
similar to that of the IVC(Fig. 1). Peak velocity during

 

atrial contraction(A)and peak velocity during ventricular
 

systole(S)were measured from the recorded flow velocity
 

waveform of each vein, and the A/S ratio was calculated
 

to obtain the preload index［2］(Fig. 2). There were 9
 

fetuses who did not show an A wave in the IVC. These
 

fetuses were excluded from analysis, since the typical
 

flow velocity waveform of the IVC in normal fetuses was
 

reported to be a three-phase pulsatile pattern［1］. Using
 

data from 316 fetuses(excluding those who did not show
 

an A wave), regression lines for the preload index of the
 

IVC, the RHV, the MHV and the LHV from 22 to 40
 

weeks of gestation were obtained to prepare a normogram
 

of each preload index. Then, the slope and the intercept
 

of the regression line for each preload index were compar-
ed using analysis of covariance.
Recordings were obtained with color and pulsed

 
Doppler ultrasound equipment (SSD 4000;Aloka Co.,
Tokyo, Japan, RT-8000;GE Yokogawa Medical Sys-
tems Co., Tokyo, Japan)using a 3.5 MHz convex probe.
The Doppler carrier frequency ranged from 2.5 to 2.6

 
MHz. The low cut filter was set at 50 Hz and the pulsed

 
Doppler sample volume was set at 2 mm.
All the mothers of the fetuses gave informed consent

 
to the study.

Results
 

Fig. 3 shows the distribution of the preload index for
 

the IVC, the RHV, the MHV and the LHV and the
 

regression lines with 95 confidence intervals in the 316
 

normally developing singleton fetuses at 22-40 weeks of
 

gestation. The regression equations for the veins were as
 

follows.
IVC :y＝－0.00416x＋0.393,

r＝－0.369, P＜0.0001
 

RHV:y＝－0.00429x＋0.421,
r＝－0.344, P＜0.0001

 
MHV:y＝－0.00448x＋0.436,

r＝－0.373, P＜0.0001
 

LHV:y＝－0.00366x＋0.405,
r＝－0.332, P＜0.0001

(x, gestational week;y, preload index).
In the 4 veins, the preload index decreased gradually

 
with the course of pregnancy.
Table 1 shows the results of comparison of the 4

 
regression lines by analysis of covariance. There were no

 
significant differences in the slopes of the regression lines

 
for the 4 veins. The intercepts of the regression lines for
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all hepatic veins were significantly higher than that of the
 

regression line for the IVC (P＜0.0001), with the
 

differences ranging from 0.024 to 0.033, while there were
 

no significant differences among the hepatic veins.
Because there were no statistical differences between any

 
2 hepatic veins, regression analysis was performed on

 
pairs of hepatic veins, as shown in the lower panel of

 
Table 1.
The preload index of the 4 veins changed similarly

 
over the course of gestation. However, the preload index

 
of each hepatic vein was significantly higher than that of

 
the IVC at any gestational age.

Discussion
 

In the present study, the preload index of the IVC,
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Fig.2  Schematic representation of velocity waveform from inferior
 

vena cava and hepatic vein and the definition of the preload index. A,
peak velocity during atrial contraction;D, peak velocity during

 
ventricular diastole;S, peak velocity during ventricular systole.

Fig.1  Flow velocity waveforms from the IVC, the RHV, the MHV and the LHV in a normally developing fetus at 32 weeks of gestation. The
 

flow velocity waveforms of the four veins(IVC, RHV, MHV, LHV)exhibited the same pattern. IVC, inferior vena cava;RHV, right hepatic vein;
MHV, middle hepatic vein;LHV, left hepatic vein.

79



 

the RHV, the MHV and the LHV all decreased gradually
 

with advancing gestational age. These results agreed with
 

the report of Rizzo et al.［6］on gestational age-related
 

changes in the preload index of the IVC.
Analysis of covariance showed that the regression

 
lines for the preload index of the RHV, the MHV and the

 
LHV were similar with respect to the slope and intercept.
This is probably because the compliance of these veins is

 
the same since they all run inside the liver. Hence, it may

 
be said that the preload index of each hepatic vein will be

 
similar at any gestational age.
The relationship between the preload index of each

 
hepatic vein and that of the IVC was also assessed. With

 

Fig.3  Individual values obtained in 316 normally grown fetuses and the regression lines with the 95% confidence intervals of the preload
 

index calculated from the IVC, the RHV, the MHV and the LHV.
IVC:y＝－0.00416x＋0.393, r＝－0.369, P＜0.0001;RHV:y＝－0.00429x＋0.421, r＝－0.344, P＜0.0001;
MHV:y＝－0.00448x＋0.436, r＝－0.373, P＜0.0001;LHV:y＝－0.00366x＋0.405, r＝－0.332, P＜0.0001;
(x, gestational week;y, preload index).
IVC, inferior vena cava;RHV, right hepatic vein;MHV, middle hepatic vein;LHV, left hepatic vein.

Table 1  The slopes and the intercepts of the regression lines for
 

gestational age and the preload index of the IVC, the RHV,the MHV
 

and the LHV by ANCOVA
 

Slope  Intercept ΔIntercept
 

I VC vs. RHV －0.00422 IVC, 0.395;RHV, 0.419 0.024
 

I VC vs. MHV －0.00432 IVC, 0.398;MHV, 0.431 0.033
 

I VC vs. LHV －0.00391 IVC, 0.385;LHV, 0.412 0.027
 

RHV and MHV －0.00439 0.428
RHV and LHV －0.00398 0.413
MHV and LHV －0.00407 0.420

IVC,inferior vena cava;RHV,right hepatic vein;MHV,middle hepatic
 

vein;LHV,left hepatic vein;ANCOVA,analysis of covariance.
common slope. common intercept. P＜0.0001.
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regard to the slope of the regression line for each preload
 

index, no statistical difference was detected between those
 

of the hepatic veins and that of the IVC. On the other
 

hand, the intercept of the regression line for each hepatic
 

vein was significantly higher than that of the line for the
 

IVC. Accordingly, the preload index of each hepatic vein
 

is somewhat higher than that of the IVC at any gestational
 

age. This is probably due to differences in compliance
 

between the liver and the extrahepatic tissues. However,
the difference ranged by analysis of covariance from 0.024

 
to 0.033, and such differences may be clinically

 
insignificant, since they are too small when compared with

 
the reported values for an abnormal preload index of the

 
IVC, which are＞0.5［2］and＞0.45［19］. Therefore,
we think that it is reasonable that criteria for the preload

 
index of each hepatic vein should be the same as that of

 
the IVC.
In human fetuses［1］, the IVC blood flow waveform

 
has a three-phase pulsatile pattern similar to that described

 
in fetal sheep［20］and adult humans［13］, comprising

 
reverse flow during atrial contraction, early forward flow

 
coinciding with atrial diastole and ventricular systole, and

 
late forward flow coinciding with ventricular diastole. In

 
fetal sheep, there is an association between changes in

 
circulation and changes in the IVC flow pattern;in-
creased reverse flow in the IVC during atrial contraction

 
has been reported to suggest cardiac dysfunction［20,
21］. In adult humans, the flow patterns of the IVC and

 
the SVC have also been reported to reflect the right atrial

 
pressure［22-24］. In sum, changes in central venous

 
blood velocity patterns have been considered to reflect

 
abnormal cardiac hemodynamics in animal models and

 
adult humans. Furthermore, increased reverse flow

 
during atrial contraction has been reported in the IVC

 
waveforms of compromised fetuses such as those with

 
intrauterine growth restriction［1-8］. Hence, analysis of

 
the flow velocity waveform in the IVC is thought to be

 
significant for the evaluation of fetal hemodynamics.
Since the hepatic veins drain directly into the IVC just

 
beneath the diaphragm［9-11］, an association between

 
the hemodynamics in the IVC and those in the hepatic

 
veins seems likely. In normal adult humans［12, 13］and

 
normal children［14］, the hepatic vein blood flow pattern

 
has been reported to show three phases similar to that of

 
the SVC and the IVC. Also, the reverse flow of the

 
hepatic vein flow velocity waveform has been shown to

 
reflect right atrial pressure in adult humans, as is the case

 
for the IVC［24］. Hecher et al. have reported that the

 

flow velocity waveforms of the RHV and the IVC are
 

similar in normal human fetuses［15, 16］. In com-
promised fetuses such as those that are small for ges-
tational age, increased reverse flow during atrial systole

 
has been observed in the RHV as well as in the IVC
［17］. Therefore, flow velocity waveforms of the hepatic

 
vein seem to be as meaningful for hemodynamic assess-
ment in fetuses as those of the IVC. However, there

 
have been no previous investigations in which the flow

 
velocity waveforms of the IVC, the RHV, the MHV and

 
the LHV were assessed simultaneously and the relation-
ship among these flow velocity waveforms evaluated.
Accordingly,we examined gestational age-related changes

 
of the preload index for these 4 veins, using the preload

 
index proposed by Kanzaki et al.［2］as an indicator of

 
increased reverse flow during atrial systole. Our findings

 
suggested that the relationship between the preload index

 
and the duration of gestation was statistically similar for

 
all hepatic veins, and strongly resembled that for the IVC.
In fetal circulation, pulmonary blood flow is insubstan-

tial;most of the flow to the left ventricle is supplied from
 

the right atrium through the foramen ovale. Therefore,
cardiac dysfunction in the fetus causes pressure overload

 
or volume overload of the right atrium, which will make

 
the blood pressure higher in the IVC and the hepatic

 
veins. The present study suggests that analysis of flow

 
velocity waveforms of the hepatic veins as well as of the

 
IVC will provide a method of estimating fetal cardiac

 
function. The normograms for the preload index of the

 
hepatic veins that we have prepared may be utilized as an

 
index for the estimation of fetal cardiac function.
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