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Sachiko Awai, Shin Kimoto, Nobuo Satou, Keisuke Hamasaki, and Yoshio Hiraki

Abstract

A new dynamic CT method for evaluating the portal blood flow is described. Thirty healthy
volunteers were injected with non-ionic hypo-osmotic iodine contrast medium to estimate the
portal blood flow. Time density curves (TD-curves) for the abdominal aorta and the main trunk
of the portal vein were determined on the basis of data obtained by dynamic CT. From the TD-
curves, portal blood flow coefficient and circulation time to flow into the portal vein (P-P time)
were calculated. More detailed data of the TD-curves could be obtained by the new dynamic
CT than by the previous methods. Subjects were simultaneously studied by an ultrasonic pulsed
Doppler method which has been clinically accepted. There was a significant correlation between
our dynamic CT method (portal blood flow coefficient) and the ultrasonic pulsed Doppler method
concerning the measurement of portal blood flow. Therefore, it may be concluded that this CT
method is reliable and clinically acceptable.
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A Comparative Study of Dynamic CT and Ultrasonic Pulsed Doppler Method

for Estimation of the Portal Blood Flow

Sachio Awai*, Shin Kimoto, Nobuo Satoh, Keisuke Hamasaki? and Yoshio Hiraki

Department of Radiology and °First Department of Surgery, Okayama University Medical School,

Okayama 700, Japan

A new dynamic CT method for evaluating the portal blood flow is described. Thirty
healthy volunteers were injected with non-ionic hypo-osmotic iodine contrast medium
to estimate the portal blood flow. Time density curves (TD-curves) for the abdominal
aorta and the main trunk of the portal vein were determined on the basis of data
obtained by dynamic CT. From the TD-curves, portal blood flow coefficient and
circulation time to flow into the portal vein (P-P time) were calculated. More detailed
data of the TD-curves could be obtained by the new dynamic CT than by the previous
methods. Subjects were simultaneously studied by an ultrasonic pulsed Doppler method
which has been clinically accepted. There was a significant correlation between our
dynamic CT method (portal blood flow coefficient) and the ultrasonic pulsed Doppler
method concerning the measurement of portal blood flow. Therefore, it may be
concluded that this CT method is reliable and clinically acceptable.

Key words :

The hepatic blood flow is maintained by a dual
supply: 25 % of the blood flow is supplied by the
hepatic artery and 75 % is supplied by the portal
vein in the normal subjects. Knowing the state of
the hepatic blood flow in patients with diffuse liver
diseases and hepatoma is important for under-
standing condition of patients and planning thera-
peutic schedules.

Various methods have been proposed and
tried to evaluate the hepatic blood flow or the
portal blood flow: methods using bromsulphalein
(BSP) and indocyanine green (ICG) (1,2), the
nuclear medicine method (3-8), and an ultrasonic
pulsed Doppler method (9-12). A dynamic CT
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method for diagnosis of liver disease has also
been tried, but only the dynamics of contrast
medium in the parenchyma could be evaluated (13
-15). Each image required 4-10sec to scan by
the previous dynamic CT methods (13-15).

The new dynamic CT method using
TCT900S and an ultrasonic pulsed Doppler
method were performed on thirty volunteers for
evaluating the portal blood flow.

Subjects and Methods

Portal blood flow was examined in 30 healthy volun-
teers (16 men and 14 women, mean age of 32 £ 6 and
39 * 13 years) whose liver function test were normal and
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did not have a past history of liver diseases. The volun-
teers signed consent forms of this examination. In this
study, a new dynamic CT using TCT900S (Nutate/
Rootate, Slip-ring, Toshiba, Tokyo, Japan) and an
ultrasonic pulsed Doppler method (Sonolayer 270A,
Toshiba, Tokyo, Japan) were performed on these volun-
teers. Results taken from two methods were compared
statistically. Scanning time can be three to four times
shorter and much more data can be obtained in a given
period because of higher contrast and spatial resolution
capacity of the TCT900S than previous CT scanners.

bolus injection of
contrast medium
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Liver dynamic CT method/ portal blood flow
coefficient and P-P time.  Plain CT was conducted in
advance to decide the position of the subjects so that the
abdominal aorta and the main trunk of the portal vein
could simultaneously be observed in a specified slice. As
a rule, a venous route was secured by placing an 18G
elastic needle in the right cubital vein of the subjects.
Starting at 4sec after beginning of a bolus injection of
non-ionic hypo-osmotic contrast medium (0.8 ml/kg BW),
scanning was performed while the subjects held their
breath for 57 sec. Eleven images of 1sec scanning at 2

Fig. 1

60 sec

Scanning program for dynamic CT study for main trunk of the portal vein and the abdominal aorta. After a bolus injection

of contrast medium, 15 consecutive images of the same slice were obtained within 57 sec. Time density curves were obtained by scanning
time and CT numbers for the appropriate region of interest of the main trunk in the portal vein and the abdominal aorta.

Fig. 2

Dynamic CT images of the main trunk of the portal vein and the abdominal aorta. Starting at 4 sec after a bolus injcection

of non-ionic hypo-osmotic contrast medium, 11 images of 1sec scanning at 2 sec intervals and 4 images of 1sec scanning at 5 sec intervals

were obtained; ie.,

15 images were taken during 57 sec period. a ~f, the images taken at different times after the start of the scanning;

a, at 3sec; b, at 9sec; ¢, at 21sec; d, 27sec; e, 33sec; and f, 39sec.
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sec intervals and 4 images of lsec scanning at 5sec
intervals were obtained; i e., 15 images were taken
during a 57 sec scanning poriod (Figs. 1, 2).

Time density curves (TD-curve) of the abdominal
aorta and the main trunk of the portal vein were deter-
mined by plotting the CT numbers on the vertical axis
and by plotting scanning times on the horizontal axis.
The CT numbers were obtained by tracing the region of
the interest (ROI) that appeared in the display.
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These curves were corrected to gamma variate
curves by a least square method using a computer
program in the TCT900S. Starting and ending points for
fitting the curve were determined by the points at 10 %
and 70% of the highest CT numbers respectively,
according to the method of Fijikawa et al (14.15).

Portal blood flow coefficient was determined by
obtaining the ratio of the area of the TD-curve of the
aorta (Ao) to the area of the main trunk of the portal vein

Aorta
CT number .
(H.U)

2004

1504
Portal Vein

100
Po%

50

Fig. 3

T
15 20 25 30 time (sec)

Portal blood flow coefficient. Ao is an area covering under the TD-curve of the abdominal aorta from the start to peak of the

curve and Po is an area of TD-curve of the portal vein. CT numbers less than S0H.U. were omitted. Portal blood flow coefficient was

calculated from the ratio of Ao to Po.

Flow meter

0.9 % NaCl

MFV-3100

pump

bulb

4

Fig. 4

method and a basic experiment was carried out.
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Schematic diagram of experimental blood flow. A blood flow model was made in advance using an ultrasonic pulsed Doppler
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(Po). Each area of Ao and Po is shown in Fig. 3. As
shown in Fig. 3, CT numbers less than 50H.U. were
omitted when calculaing the areas of Ao and Po. The
time required for the contrast medium to reach a peak in
the abdominal aorta and the main trunk of the portal vein
was determind from the gamma variate curve. Peak to
peak time (P-P time) was calculated by the determined
curves. P-P time was considered to represent the circula-
tion time during which contrast medium injected by bolus
injection flowed into the portal vein via the aorta.

Ultrasonic pulsed Doppler method / maximum portal
blood flow wvelocity ( PFpqyx), mean portal blood flow
velocity ( PFyeqn) and mean portal blood flow volume
( PVyean). PFrox was obtained using Sonolayer 270A
according to an ultrasonic pulsed Doppler method. The
equation to calculate PF,y is as follows:

PFoc= C X fi/2c0os 6 X f,

where C represents the rate of transmission of ultrasonic
waves in the body; f;, deviated ultrasonic wave trans-
mission frequncy; and f;, ultrasonic wave transmission
frequency; C was 1500m/sec and f, was 3.75MHz,
respectively. @ is the angle formed by a Doppler beam
and blood flow.

To determine PFpq,, a blood flow model was made
in advance using the ultrasonic pulsed Doppler method
and a basic experiment was carried out (Fig. 4). Physio-
logical saline was allowed to flow through a vinyl tube to
obtain actual flow volume by an electromagnetic flow
meter {Nihon Koden, Co., Tokyo, Japan). The actual
PFqn was obtained by calculating a ratio of actual
volume to a cross-sectional area of the vinyl tube. PF,.x
was obtained using the ultrasonic pulsed Doppler method.

Awai et al

As flow velocity depends upon the angle formed by a
Doppler beam against the long axis of the portal vein,
various values were obtained in the different angles.
From our experiment, PFcon/PFax was determined
to be 0.70 when the angles were between 50~70 degrees.
Therefore, an approximate value of PF.q, was obtain-
able. PV,cq, was calculated by the follwing equation:

PFean X 7r® X 60,

where r represents the radius of the portal vein in which
PF e was measured.

Results

The values of each parmeter in this study are
shown in Table 1. The portal blood flow
coefficient and P-P time obtained by our dynamic
CT method were compared with the PF),.., and
PV eqn obtained by the ultrasonic pulsed Doppler
method and all the results obtained were studied
according to the ages and sex of the subjects.
There were significant correlation between portal
blood flow coefficient and PF.qan, and between
portal blood flow coefficient and PVeqn. But
there were no significant correlations between
either P-P time and PFeqn or between P-P
time and PV,ean (Figs. 5, 6). Gender was not
significant in each parameter; portal blood flow
coefficient, PFean and PV,eq, were slightly
decreased, and P-P time was significantly pro-
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Fig. 5 Correlation between portal flow coefficient, mean flow velocity (PFyeqn) and peak to peak time (P-P time). Significant

correlation was found between portal blood flow coefficient and PFyq But no correlation was found between portal blood flow coefficient

and P-P time.
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Fig. 6
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Fig. 7
5 and 6.

portal blood flow coefficient

Portal blood flow coefficient

——NS—=
1.04
o
o
(o]
o
>l F
0.5+
i o
00
[e'e]
o0
o]
[}
o
M‘en Women
n=16 n=10
PF mean
M
( /s;g)l NS—
0.41
o
0.3_ =] o]
° o
Y g
0.2 oo ‘:[[ S
b 8
0.1 o

T
Women
n=12

T
Men
n=16

Produced by The Berkeley Electronic Press, 1992

161
PV mean
(L/min) o
2.0+
n=19
1.5F o o o
o o
1.0F ) Q o
o 9 °
o o
0.5} ° o &
1 i e
10 15 20

P-P time (sec)

Correlation between portal blood flow coefficient, mean flow volume (PVear) and P-P time. Significant correlation was found
between portal blood flow coefficient and PVyeqn. There was no significant correlation between P-P time and PVuean. P-P time :
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Fig. 8 Correlation between ages and each parameter. Portal blood flow coefficient, PFyean and PVipeq, were slightly decreased, and

P-P time was significantly prolonged as the ages increased. PF mean, PV mean, P-P time : See Figs 5 and 6.

Table 1 Results obtained for different parameters

Parameters Mean £ SD
Portal blood flow coefficient 0.46 £ 0.18
Peak to peak time (P-P time) (sec) 12.90 £ 3.01
Mean flow velocity (PFrean) (m/sec) 0.21 £ 0.06
Mean flow volume (PVyeqn) (L/min) 1.01 £ 0.45

longed as the ages increased (Fig. 8).

Discussion

Various methods have been used to measure
the portal blood flow such as the methods of
nuclear medicine (3-8), an ultrasonic pulsed
Doppler method (9-12), and dynamic CT (13-
15).

The ultrasonic Doppler method was first

http://escholarship.lib.okayama-u.ac.jp/amo/vol 46/iss3/2

applied clinically by Satomura et al (16) in 1955.
A variation of the ultrasonic pulsed Doppler
method enabled us to measure deep blood flow
(17,18). Due to the recent progress, the ultra-
sonic pulsed Doppler method has been used not
only for circulatory diseases, but also for liver
diseases, especially cirrhosis of the liver (9-12).
According to Doppler measurements of Moriyasu
et al. (10,11) and Tanabe et al. (12), both mean
velocity and volume of the portal vein were less
than our data. Different methods of calculation,
measurement techniques and Doppler apparatus
may have caused the discrepancy in the results.
Sako et al (13) reported the method of
*“aortico-hepatico ratio” for evaluating hepatic
blood flow by dynamic CT. They obtained the
time density curves for the abdominal aorta and
the liver parenchyma. Then liver dyeing concen-
tration was calculated from the following ratio:
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100 Hp/Ap (Hpe — AM),

where H, represents peak CT numbers of the
liver, A, peak CT numbers of the abdominal
aorta, H,, peak time of the liver, and A, peak
time of the aorta. Fujikawa et al (14,15) used
three parameters such as rise time (RT), decay
time (DT), and corrected first moment (MC) to
evaluate the dynamics of the contrast medium in
the liver in diffuse liver diseases.

In this study, portal blood flow coefficient and
P-P time calculated by dynamic CT were compar-
ed with PFean and PV,eqn measured by the
ultrasonic pulsed Doppler method. The poral
blood flow measured by dynamic CT (portal
blood flow coefficient) correlated well with that
measured by the ultrasonic pulsed Doppler
method (PFeans, PVimean)-

We found out the effectiveness of our devised
dynamic CT method for evaluating the portal
blood flow by comparing our results with those
obtained by other dynamic CT method. Our
method requires three to four times less scanning
time and give less motion artifact and much more
data in a fixed period, because the TCT900S has
higher contrast and spatial resolution capacity
than other scanners (13-15).

The gamma variate curve (Fig. 9) used in this
study was expressed by the following equation:
Ct)= k(1= Ag)*e” =7,
where C () represent increasing values of CT
number, #, time after the start of the scanning,
k, constant scale factor, &« and 3, htting para-
meters, and Ay, arrival time of contrast medium.
The gamma variate curve has frequently been
used for flow measurements using pigments and
radioactive materials, such as cardiac output and
shunting ratio of the congenital heart diseases (19
-22). The gamma variate curve is useful to
eliminate the recirculating factor in the flow
measurement. The reason why the peak time of
the TD-curve of the portal vein was determined at
12 sec after the peak of the TD-curve of the aorta
was based on the present data and Hirata’s study
(8). According to both studies, peak time of the
portal vein was usually at 12 sec after the peak
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Fig. 9 Gamma variate curve. The method to obtain this
curve: Sce text.

time of the aorta. On the other hand, TD-curves
of the aorta and the portal vein were considered to
depend on the cardiac output. To minimize the
differences of the cardiac output by individuals,
we used the portal blood coefficient by calculating
Po/Ao.

Differences in ages were found in each
parameter, but not in sex in this study. As ages
increased, the values of PFeen and PViean
slighly decreased, while P-P time significantly
prolonged. PF.cq, and PV,eq, were consistent
with those by Fujimiya et al (23) who reported
the reason for decreased values in the aged was
due to decreased cardiac output (24, 25), but
they did not mention P-P time. We assumed that
P-P time mainly expressed the circulation time
during which the contrast medium flowed into the
main portal vein via the abdominal, aorta, splenic
artery, spleen, and splenic vein. Therefore, pro-
longed P-P time may be due to increased blood
vessel resistance and decreased portal blood flow
velocity as well as the decreased cardiac ontput.

We suggest that this dynamic CT method
would be more useful and clinically more appli-
cable than the previously reported methods,
because it is reliable and data of the portal blood
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flow may be obtained more quickly.
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