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Multidetector-row CT imaging of the liver : Is a high concentration

of contrast material effective ?
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Abstract

Purpose : The purpose of this study was to evaluate the effect of the concentration of contrast material to
obtain good quality arterial phase images with a multi-detector CT.

Materials and method : We divided 77 patients into the following 2 groups : the moderate concentration
group (300 mgl/mL, maximum dose 150 mL, 37 cases), and the high concentration group (370 mgl/mL,
maximum dose 100 mL, 40 cases). The contrast material dose was adjusted by the patient’s body weight (600
mgl/kg) and administration was followed by saline flush. The injection duration was fixed (30 seconds). A
monitoring scan was used with the trigger threshold set at 200 HU. Quantitative evaluation of the aorta, liver
parenchyma and tumor-liver contrast between moderate and high concentration contrast material was performed.
We qualitatively evaluated the conspicuity of the hepatic artery, portal vein, hepatic vein and tumor.

Results : There was no significant difference in the time to reach the trigger threshold and the beginning
of the arterial phase scan. Quantitative and qualitative evaluation of the aorta, hepatic parenchyma and

tumor-liver contrast also revealed no significant difference. Interobserver agreement was good for the qualitative

evaluation of the conspicuity of the hepatic artery, portal vein and hepatic vein.

Conclusion : Similar arterial phase images could be obtained by both moderate and high concentration of

contrast material.

Introduction

Multi detector-row CT (MDCT) enable a reduction
of acquisition time for the whole liver and improved
spatial resolution of the z axis compared with single slice
helical CT. Recently the number of detectors has been
increased, so MDCT has 40 to 64 detectors and the
acquisition time is less than before. Because of the
remarkably shortened acquisition time with recent
MDCT, previous acceptable injection parameters for
acquisition timing? may not be suitable for detection of
hypervascular liver tumors. The time of aortic peak
enhancement could be estimated when the contrast

medium was adjusted for the weight of the patient and
the injection duration of contrast material was fixed?.
Therefore the optimal scan starting time for hypervas-
cular tumors could be determined®. Bolus tracking is
indispensable to acquire the optimal timing with MDCT
with many detectors. It has been reported that the scan
should start at a definite period from the trigger point?.

The contrast injection protocol is a
significant factor for the detection of hypervascular
tumors, especially hepatocellular carcinoma (HCC). In

material

particular, the total amount of iodine and the amount of
iodine injected per second were significant*~®. Even if
the total amount of iodine injected were the same, a
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difference in the amount of iodine injected per second
affects tumor detection®. That means that the high or
moderate concentrations of a contrast material could
affect the tumor detection. Awai et al. reported the
tumor-liver contrast was higher in the group using a
moderate concentration of contrast medium than with a
higher concentration”. We therefore sought to deter-
mine whether high concentration or moderate concentra-
tion contrast media would be suitable for the detection
of hypervascular tumor with MDCT using 64 detectors.

Materials and methods

Subjects

The subjects consisted of 100 consecutive patients
scheduled for abdominal CT examination. They were
classified into the following two groups: high concen-
tration (lopamiron 370 mgl/mL, Schering, Osaka),
moderate concentration (Omnipaque 300 mgl/mL,
Daiichi-Sankyo Pharmaceutical, Tokyo). Both con-
trast materials were in pre-filled syringes and the
amounts of high and moderate concentration contrast
material were 100 mL and 150 mL, respectively. Name-
ly, the total amounts of iodine in the high and moderate
contrast material concentration were 37 g and 45g,
respectively. We used a high concentration in the first
period of the study and moderate concentration in the
second period. Exclusion criteria were : extravasation
of contrast material at injection site, occurrence of
adverse reactions, impossibility of breath holding, metal
artifacts, huge liver tumors, obstruction of the main or
first branches of the right or left portal vein. The
remaining subjects consisted of 40 patients in the high
concentration group and 37 patients in the moderate
concentration group. Forty-three patients had chronic
liver disease and 15 patients had HCC. There was no
significant difference between the two groups in age,
weight (one-way analysis of variance), gender (x* test),
the numbers of patients with chronic liver disease and
HCC, and the size of HCC (one-way analysis of vari-
ance). The details of each group shown in Table I.
All chronic liver diseases arose from type C viral hepati-
tis. The diagnosis of HCC was obtained from
angiography-assisted CT (10 patients), biopsy under
ultrasound guidance (4 patients) and operation (1
patient). When there were many HCC nodules in a
patient, the 3 largest nodules were chosen.
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This study followed the Helsinki Declaration and
written informed consent was obtained.

CT acquisition

All patients were scanned with a 64-detector scanner
(Sensation Cardiac 64, Siemens. Erlangen, Germany).
Five-phase contrast-enhanced CT scannings of the liver
was performed during plain, early arterial, late arterial,
portal and equilibrium phases. Acquisition parameters
were as follows : rotation time, 0.5 second ; beam col-
limation, 32X0.6 mm ; reconstruction slice thickness, 5
mm ; helical pitch, 0.9.

A bolus tracking program was used to time the start
of early arterial phase scanning after contrast material
injection. The CT number was monitored at the LI
vertebral body level and the region of interest (ROI)
cursor was placed in the abdominal aorta. Real time,
low-dose (120 kVp, 20 mAs) serial monitoring scan
every 1.49 second began 10 seconds after the start of
contrast material injection. The trigger threshold was
set at an increase of 200 Hounsfield units (H.U.) over the
aortic baseline CT number. Early arterial phase scan-
ning was started at 7 seconds after the trigger threshold.
Late arterial phase scanning started 4 seconds after the
end of the early arterial phase. Portal phase and equi-
librium phase scanning started 70 and 180 seconds after
the beginning of injection of contrast material, respec-
tively.

Contrast material injection

The volume of contrast material was adjusted by body
weight. Because Yamashita et al. reported that 600 mg
of iodine per kilogram of body weight is necessary to
achieve sufficient enhancement in chronic liver disease
patients®, this is the dose we delivered. The maximum
doses of high concentration and moderate contrast
material were 100 mL and 150 mL respectively, thus
patients weighing more than 75kg in the moderate
concentration group and 61.7 kg in the high concentra-
tion group lacked the contrast material. There were 21
patients with insufficient iodine load in the high concen-
tration group and 5 in the moderate concentration group
(Table 1). The aortic peak time was the time of injec-
tion plus the time to arrive at the aorta®®. Fixed
injection duration makes it easy to estimate the timing of
tumor stain in hypervascular tumor because of the fixed
timing of aortic peak enhancementV. Injection dura-
tion was fixed at 30 seconds®. Contrast material was

Table 1 Demographic data of patients

No. of  Age Body Injection Lack of No. of No. of No. of Size of HCC
patients weight rate contrast male/ patients with patients with nodules (mm)
(kg) (mL/s) media female chronic liver HCCs
(patients)  patients  disease (nodules)
370 mgl 40 612 59.1+11.3 29+04 21 25/15 21 7 (13) 12
300 mgl 37 643 515117 37406 5 2/15 2 8 (17) 18

(2)
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delivered via a 21-gauge intravenous catheter inserted
into an antecubital vein with a power injector (Dual
Shot, Nemoto Kyorindo, Tokyo, Japan) and followed
by flushing with 45 mL saline solution at the same
injection rate of the contrast material.

Time analysis

The time required to reach the trigger threshold and
the time of start in the early arterial and late arterial
phases were recorded.  The significance of the difference
between the high concentration group and the moderate
concentration group regarding the mean time required to
reach the trigger threshold, the mean time to start the
early arterial phase, and late arterial phase were evaluat-
ed by Student’s f-test. P values of less than 0.05 were
considered to indicate statistically significant differences.

Quantitative analysis

One researcher measured the mean attenuation values
of the abdominal aorta and hepatic parenchyma with a
circular ROIL.  Aortic attenuation was measured at the
level of the celiac trunk. Hepatic attenuation was
measured in the left lobe and right lobe at the level of
the celiac trunk, and attenuation values for each region
were averaged. Contrast enhancement index in the
abdominal aorta and liver parenchyma were calculated
as the absolute difference in H.U. between the plain CT
image and enhanced image. The significance of
differences between high concentration and moderate
concentration groups in these contrast enhancement
indices were evaluated by Student’s #-test. P values of
less than .05 were considered to indicate statistically
significant differences. Differences between the groups
with sufficient and insufficient amounts of iodine were
also evaluated.

Qualitative evaluation

To evaluate the optimal timing for the early and late
arterial phases, two radiologists who had 17 and 15 years
of experience performed visual assessment of the con-
spicuity of the hepatic artery (right hepatic artery), portal
vein (from the main portal vein to the bifurcation) and
hepatic vein (junction of the inferior vena cava) indepen-
dently. A 4-point scale was applied as follows: 1, no
enhancement ; 2, poor enhancement; 3, moderate en-
hancement ; 4, good enhancement. The interobserver
variability was evaluated by kappa statistical analysis.
A kappa value of 04 or less was regarded as slight
agreement, 0.41 to 0.60 as moderate, 0.61 to 0.80 as
substantial, and 0.81 or more as almost perfect.

The conspicuity of 30 HCC nodules were also
evaluated by the same two radiologists and the tumor
conspicuity was classified into the following 3 grades : 1,
poor conspicuity ; 2, fair conspicuity ; 3, excellent con-
spicuity. The significance of differences between the
two groups regarding tumor conspicuity was evaluated
by Student’s i-test. The interobserver variability was
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evaluated with kappa statistical analysis.
Results

Time evaluation

Two patients in the high concentration group and 4 in
the moderate concentration group did not reach the
trigger threshold. The mean time required to reach
trigger threshold was 28.4+4.3seconds in the high
concentration group and 27.1+4.4 seconds in the moder-
ate concentration group (p—=0.16). The starting time
of the early arterial phase is 36.0--4.6 seconds after the
beginning of contrast material injection in the high
concentration group and 34.5+4.4 seconds in the moder-
ate concentration group. The starting time of late
arterial phase was 45.2+4.3 and 44.4+4.4 seconds in the
high and moderate concentration groups, respectively.

Quantitative evaluation

Abdominal aorta

The abdominal aorta index values in the moderate
group were 262.7+47.3, 2753+66.7, 11574182 and
71.6+10.9 in the early, late arterial phase, portal phase
and equilibrium phase, respectively. Those in the high
concentration group were 26231498, 2540%77.5,
114.94£22.2 and 70.8+ 10.4, respectively. There were no
significant differences in any phase between the two
groups.

The abdominal aorta index values in the groups with
sufficient and insufficient iodine are shown in Table 2.
There were significant differences in the portal phase and
equilibrium phase values within the high concentration
group (portal phase: p=.02, equilibrium phase: p<
01). There were also significant differences within the
moderate concentration group in the equilibrium phase
versus high concentration
sufficiently : p=.03, moderate concentration versus high
concentration insufficiently : p<.0l).

(moderate concentration

Table 2 The abdominal aorta index value in the groups
with sufficient or insufficient contrast medium

I?ar.l'y Ifage Portal  Equilibrium
arterial arterial
370 mgl 2700 2571 123.5%  77.9%*"
sufficient
_ 370 mel 2554 2370 107.0% 64T
insufficient
300 mgl 275 2794 1166 72218
sufficient
300 mel 2316 2495 1104 675
insufficient

* Significant difference (p=0.02)
** Significant difference (p<0.01)
S Significant difference (p<0.01)
T Significant difference (p=0.03)

( 3)
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Table 3 The liver parenchyma index value in the groups
with sufficient and insufficient contrast medium

lj:ar'l_y La?e Portal  Equilibrium
arterial  arterial

70 gl 12,6 240 515 3.2
sufficient
370 mgl 10.8 204 446 308
insufficient

300 ml 10.6 25 510 319
sufficient
W0 mgl 17.1 307 536 299
insufficient

Liver parenchyma

The liver parenchyma index values in the group
loaded moderate concentration iodine were 11.54-94,
23774135, 51.4+14.9 and 31.6+5.9 in early, late arterial
phase, portal phase and equilibrium phase, respectively.
Those in the high concentration group were 11.6+9.1,
2264112, 479+119 and 319+59, respectively.
There were no significant differences between the high
and moderate concentration groups in any phase.

The liver parenchyma index values of the groups with
sufficient and insufficient iodine are shown in Table 3.
There were no significant differences among any combi-
nations.

Tumor— liver contrast

The tumor-liver contrast index values were 21.9+11.4
and 21.8+11.0 in the early arterial phase and 32.9+16.2
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and 30.0+16.5 in the late arterial phase in the moderate
and high concentration groups, respectively. In the late
arterial phase the value was higher than in the early
arterial phase in the moderate concentration group but
not significantly in the high concentration group (mod-
erate concentration : p=0.02, high concentration: p=
0.15).

Qualitative analysis

Conspicuity of vessels

Vascular conspicuity evaluation was as shown in
Tables4 and 5. Good enhancement of hepatic artery
was obtained in both early and late arterial phases in the
two groups. Though the enhancement of the portal
vein was weak in the early arterial phase, there was
In the
hepatic vein, no enhancement or only poor enhancement
was obtained (Fig. 1). The kappa values in the early
arterial and late arterial phase in the moderate concen-
tration group were 0.75 and 0.77. In the high concen-
tration group they were 0.72 and 078, respectively.
There was substantial interobserver agreement regarding
the conspicuity of vessels.

Conspicuity of tumor

Tumor conspicuity evaluation was as shown in Table
6. Tumor conspicuity was higher in the late than in the
early arterial phase according to both observers (Fig. 2).
Kappa values were 0.21 and 0.17 in the early arterial
phase of the moderate and high concentration group,
respectively, so interobserver agreement was slight. In
the late arterial phase they were 0.52 and 0.46 in the

moderate enhancement in the late arterial phase.

Table 4 Qualitative evaluation of CT imaging with 300 mgl/ml

contrast medium

Observer A Observer B

Hepatic Portal ~ Hepatic | Hepatic Portal ~ Hepatic

artery vein vein artery vein vein
Early
arterial 39 2.4 4.0 23 1.1
phase
Late
arterial 39 3.1 39 3.0 1.4
phase

Table 5 Qualitative evaluation of CT imaging with 370 mgl/ml

contrast medium

Observer A Observer B

Hepatic Portal ~ Hepatic | Hepatic Portal ~ Hepatic

artery vein vein artery vein vein
Early
arterial 39 2.4 38 2.1 1.2
phase
Late
arterial 3.9 32 3.8 3.0 1.4
phase

(4)
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Fig. 1 a. carly arterial phase
b. late arterial phase

The hepatic artery is markedly enhanced in both early arterial and late arterial phase. The portal vein is poorly enhanced
in the early arterial phase, but moderately enhanced in the late arterial phase (arrow). The hepatic vein has no
enhancement in either the early arterial or the late arterial phase (arrowhead).

Table 6 Tumor conspicuity

Observer A Observer B
Early Late Early Late
arterial arterial | arterial arterial
300
gl Ayl 2.1 24 22 2.6
370
sl el 22 2.5 22 2.5

moderate and high concentration groups, indicating
moderate agreement.

Discussion

Some cases did not reach the trigger threshold of 200
H.U. over baseline, therefore it was not possible to
obtain scanning with optimal timing in those cases.
Before performing this study, we thought it would be

better to scan after obtaining sufficient aortic peak
enhancement to shorten the delay time, because of the
shortened scan time enable by the 64 detectors CT.
However, it was thought necessary to set the lowest
trigger threshold at 200 H.U. over the aortic baseline
value from this study. A previous report using a 40-
detector MDCT set the trigger threshold of 100 H.U.?
and the delay time had to be set longer than in the
present study. As a result, due to the increased delay
time reliability factor decreases when setting a low
trigger threshold lower. In future, we needed to deter-
mine the aortic peak accurately.

In this study, the density of the aorta and liver
parenchyma in the early and late arterial phases did not
significantly differ in the two groups with moderate and
high concentrations. High concentration contrast
medium is usually between 350 mgl/mL and 400
mgl/mL, and moderate concentration is between 240

Fig.2 a. early arterial phase

b. late arterial phase

The conspicuity of the tumor is better in the late arterial phase than in the early arterial phase. Arrow indicates

hepatocellular carcinoma.

(s5)
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mgl/mL and 300 mgl/mL. We adjusted the amount of
contrast material according to the patient’s body weight
and used a fixed injection time. When the amount of
iodine per time was fixed, there was no significant
difference in aortic enhancement between with the
moderate and high concentration groups?. The aortic
enhancement in the moderate group was higher than
that of the high concentration group in both the early
and late arterial phases, but there was no statistically
significant difference. Awai et al. reported similar
results”.  They postulated that without use of a saline
flush, a significant amount of contrast is temporarily
trapped in the dead space of the peripheral vein, detract-
ing from the amount of iodine visualized. There is still
a trend, but apparently not statistically significant in this
study using a 45-mL saline flush, suggesting that this
hypothesis at least partially accounts for the findings.
The injection rate and the viscosity of the contrast
medium might also affect the findings.

Hepatic enhancement depended on the total amount
of iodine”. In this study we adjusted the amount of
contrast material according to the body weight, so
significant difference in hepatic enhancement was not
seen between the moderate and high concentration
groups.

Tumor-liver contrast did not significantly differ
between the moderate and high concentration groups.
Naturally, in the moderate concentration group, the
overall amount of contrast medium that needed to be
delivered was greater than the volume of higher concen-
tration contrast medium, and that in turn necessitated a
more rapid injection rate in order to deliver the same
amount of iodine within the fixed-time 30-second injec-
tion. Ichikawa et al.!” reported that faster injection
increased false positive results, for example arterioportal
shunt, when the 350 mgl/mL contrast material was
injected at 3 mL and 5 mL per second. In the present
study, because the maximum dose of contrast material
was 150 mL, the maximum injection rate was 5 mL per
second in the fixed 30-second injection. There was
therefore some possibility of inducing false positive
results.  Although there were no false positive results in
this study, this point requires attention.

It was reported that the late arterial phase is useful to
detect hypervascular tumors'V'?.  Foley et al. reported
the optimal late arterial phase, i.e. the portal venous
inflow phase, was suitable for detection of HCC. In
this phase, the hepatic artery is predominantly enhanced
and the portal vein is also moderately enhanced but the
hepatic vein was not enhanced. The late arterial phase
was confirmed to correspond to the portal inflow phase
in this qualitative study and it was thought to yield
imaging with optimal timing. The conspicuity of
tumor was confirmed to be clearer in the late arterial
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phase than in the early arterial phase. The timing of
scanning was not significantly different using moderate
or high concentrations of contrast material. Moreover
the tumor conspicuity was also not significantly
different, probably because we adjusted the amount of
contrast material according to the patient’s body weight
and used a fixed injection time, namely the amount of
iodine per fixed injection time was fixed.

In conclusion both moderate and high iodine concen-
trations of contrast material obtained equal enhance-
ment effect in the arterial phase, when trigger thresholds
were at 200 H.U. over baseline with a 64-detector
MDCT and contrast material was given according to the
patient’s body weight and injected in 30 seconds.
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