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Introduction

Multiphasic contrast-enhanced CT is an important tech-
nique for detecting and characterizing liver tumors. 
Whereas arterial phase images are important for detec-
tion of hypervascular tumors [1], portal phase images are 
equally crucial for detection of hypovascular tumors [2, 3], 
for example well-differentiated hepatocellular carcinomas 
(HCCs) and metastatic tumors. Because sufficient hepatic 
parenchymal enhancement is necessary to depict hypovas-
cular tumors during the portal phase, many studies have 
investigated the optimum hepatic parenchymal enhance-
ment. Adequate hepatic enhancement is defined as an 
increase greater than 50 Hounsfield units (HU) [4]. How-
ever, the protocols used for dynamic contrast-enhanced CT 
and patient selection differ among these studies. In some 
studies, for example, the dose of contrast material was con-
stant, irrespective of patient body weight, or was calculated 
on the basis of total body weight. Some studies excluded 
patients with liver disease whereas others included patients 
with liver disease. A few studies have reported that insuf-
ficient hepatic parenchymal enhancement occurs fre-
quently among patients with liver cirrhosis [5, 6]. The 
incidence of decreased hepatic parenchymal enhancement 
among patients with chronic liver injury has yet to be fully 
evaluated.

In addition to the severity of liver injury, many other fac-
tors affect hepatic parenchymal enhancement, for example 
volume and concentration of the contrast material, the rate 
of injection, and scanning delay time. The dose of contrast 
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material is particularly critical and is the most important 
factor affecting hepatic parenchymal enhancement [4]. His-
torically, the dose of contrast material has been determined 
on the basis of total body weight (TBW). Recently, how-
ever, to reduce patient-to-patient variation in hepatic paren-
chymal enhancement, studies have calculated the dose of 
contrast material by using the lean body weight (LBW) or 
the body surface area (BSA) [7–12].

The purpose of this study was to characterize hepatic 
parenchymal enhancement among patients with normal 
liver and patients with chronic liver disease in dynamic CT 
in which the dose of contrast medium was determined on 
the basis of BSA and a standard dynamic CT protocol was 
used.

Materials and methods

Patient selection

The requirement for institutional approval and informed 
consent was waived for this retrospective review of patient 
records and images. Between August 2012 and Decem-
ber 2012, 524 consecutive patients underwent triple-phase 
contrast enhanced CT by use of the same protocol. We 
excluded 196 patients from the study for the following 
reasons: liver cirrhosis categorized as Child–Pugh grade C 
(n = 5), fatty liver with unenhanced attenuation <45 HU 
(n = 11), numerous metastases (n = 18), postoperative 
effect on hepatic perfusion (n = 78), overweight (>89 kg) 
(n = 3), technical failure (n = 15), multiple HCC (n = 5), 
portal thrombus (n = 5), severe artifacts from the reservoir, 
stenting, excessive lipiodol accumulation (n = 4), mark-
edly abnormal perfusion (arterio-portal shunt, Budd–Chiari 
syndrome, biliary disease, variable tumors (n = 33), liver 
failure (n = 15), and cardiac disease (n = 4).

Three-hundred and twenty-eight patients were enrolled 
and divided into four groups: normal liver (n = 125), 
chronic hepatitis (CH) (n = 92), liver cirrhosis catego-
rized as Child–Pugh grade A (LC-A) (n = 78), and liver 

cirrhosis categorized as Child–Pugh grade B (LC-B) 
(n = 33). Chronic liver disease was diagnosed primarily 
by hepatic biopsy. If biopsy specimens were unavailable, 
diagnosis was based on imaging and clinical data. Fifty-
six biopsy specimens were available for patients with CH, 
LC-A and LC-B. For 147 of the other cases diagnosis was 
based on imaging. Patients with no history of liver dis-
ease or viral hepatitis, and who had normal liver function 
on laboratory evaluation were categorized into the normal 
control group. The distribution of patient characteristics 
among the four groups is listed in Table 1. The distribu-
tion of age (p = 0.081, one-way ANOVA), sex (p = 0.238, 
Χ2 test), weight (p = 0.090, one-way ANOVA), and BSA 
(p = 0.064; one-way ANOVA) among the four groups was 
not statistically significantly different.

Contrast injection protocol

All patients were administered non-ionic iodinated con-
trast material containing 300–370 mg I mL−1. The con-
trast material was administered through a 20-gauge 
intravenous catheter in the antecubital vein by use of a 
power injector (Stellant D dual flow; Medrad, Osaka, 
Japan). The dose of contrast material was determined on 
the basis of BSA by use of the Du Bois’ formula: BSA 
(m2) = 0.007184 × Height (cm)0.725 × Weight (kg)0.425. 
All patients were administered 22 g I m−2 contrast mate-
rial over a fixed period of 30 s. Iodine weight adminis-
tered per BSA in square meters was determined so that 
the mass of iodine prescribed for a patient with an average 
BSA of 1.52 m2 (height 160 cm, body weight 55 kg) and 
that for one with an average body weight of 55 kg were 
identical [12].

The injection rate and volume were automatically deter-
mined based on the BSA.

Computed tomography examination

CT examination was performed by use of a 256-channel 
MDCT scanner (Philips Brilliance iCT) with four sections 

Table 1  Patient characteristics

Mean age, sex, weight, and BSA did not differ significantly among the patient groups. Data are the mean ± standard deviation

Normal normal liver, CH chronic hepatitis, LC-A Child–Pugh grade A liver cirrhosis, LC-B Child–Pugh grade B liver cirrhosis, M male, F 
female, BSA body surface area

*1  p = 0.081; *2 p = 0.238; *3 p = 0.090; *4 p = 0.064

Characteristic Normal (n = 125) CH (n = 92) LC-A (n = 78) LC-B (n = 33)

Age (years)*1 66.2 ± 10.5 62.7 ± 10.6 66.8 ± 10.5 65.0 ± 10.0

Sex (M:F)*2 58:67 50:42 45:33 20:13

Weight (kg)*3 56.2 ± 10.3 59.5 ± 10.7 58.4 ± 12.1 60.0 ± 10.8

BSA (m2)*4 1.561 ± 0.173 1.624 ± 0.176 1.586 ± 0.178 1.604 ± 0.158
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at a 0.625 × 128 mm detector collimation, table feed speed 
of 128.64 mm s−1, and pitch of 0.804. The gantry rotation 
time was 0.4 s. The images were displayed as 5-mm-thick 
sections with no intersection gap between the phase sets. 
For dynamic CT, pre-contrast images were obtained first, 
and a bolus of nonionic contrast material was then admin-
istered intravenously by use of a power injector at the cal-
culated flow rate. The arterial phase was initiated by using 
the bolus-trigger technique with a 200-HU threshold; the 
descending aorta was designated as a region-of-interest 
(ROI) with an additional start delay of 15 s. The portal and 
equilibrium phases were started with total delays of 40 and 
100 s, respectively, after reaching the trigger threshold.

Quantitative analysis

For quantitative analysis, CT values at the ROIs were 
measured by one observer for all patients during the pre-
contrast, arterial, portal, and equilibrium phases. The ROIs 
were the abdominal aorta, hepatic parenchyma, and main 
trunk of the portal vein. The ROIs of the abdominal aorta 
were positioned at the same level as the ROIs of main trunk 
of the portal vein. The ROIs encompassed at least 1 cm2. In 
the hepatic parenchyma, the ROIs were set at three areas 
for all patients: two separate areas in the right lobe and one 
area in the left lobe. The mean attenuation value was calcu-
lated for each ROI. Visible hepatic and portal vessels, bile 
ducts, and potential hepatic lesions were excluded from the 
ROI measurements to reduce partial volume effects. The 
change in CT value (ΔHU) was calculated by subtracting 
the pre-contrast CT value from the value measured for each 
phase. In addition, to enable comparison of the adequacy of 

contrast enhancement among the four groups, the contrast 
enhancement in the hepatic parenchyma during the por-
tal phase was graded as: good (ΔHU > 50 HU), moderate 
(ΔHU 40–50 HU), and insufficient (ΔHU < 40 HU).

Statistical analysis

Statistical analysis was performed by use of SPSS version 
21 (IBM). We performed generalized estimating equation 
analysis to evaluate the mean ΔHU of the hepatic paren-
chyma, aorta, and portal vein, because we measured these 
during the arterial, portal, and equilibrium phases and there 
may be correlation among the values obtained [13]. A p 
value of less than 0.05 indicated a significant difference 
between the groups.

Results

Results from quantitative analysis of the mean ΔHU val-
ues for the hepatic parenchyma, aorta, and portal vein dur-
ing each phase among the four groups are summarized 
in Table 2. Mean ΔHU for the hepatic parenchyma dur-
ing the portal phase for the normal liver, CH, LC-A, and 
LC-B groups were: 55.5 ± 11.8 HU, 55.2 ± 12.5 HU, 
50.0 ± 13.0 HU, and 43.0 ± 12.7 HU, respectively. Accord-
ing to generalized estimating equation analysis, ΔHU for 
the hepatic parenchyma during the portal phase was signifi-
cantly different among the four groups (p < 0.01). ΔHU for 
the hepatic parenchyma decreased as the severity of liver 
damage increased (Fig. 1). ΔHU for the portal vein dur-
ing the arterial phase was also significantly different among 

Table 2  Comparison of mean ΔHU for the hepatic parenchyma, aorta, and portal vein

Data are the mean ± standard deviation

CH chronic hepatitis, LC-A Child–Pugh grade A liver cirrhosis, LC-B Child–Pugh grade B liver cirrhosis, Liver hepatic parenchyma, PV portal 
vein, HU Hounsfield unit
a In generalized estimating equation analysis, ΔHU for the hepatic parenchyma during the portal phase differed significantly among the four 
groups (p < 0.001)
b In generalized estimating equation analysis, ΔHU for the portal vein during the arterial phase also differed significantly among the four groups 
(p < 0.001)

Structure Phase Normal CH LC-A LC-B

Livera Arterial 16.8 ± 8.9 14.2 ± 7.5 14.1 ± 8.8 13.8 ± 6.7

Portal 55.5 ± 11.8 55.2 ± 12.5 50.0 ± 13.0 43.0 ± 12.7

Equilibrium 39.7 ± 9.3 40.8 ± 9.5 42.7 ± 9.0 42.8 ± 9.3

Aorta Arterial 303.7 ± 51.1 301.2 ± 46.4 294.9 ± 48.9 270.7 ± 51.9

Portal 122.5 ± 19.8 120.4 ± 17.8 122.9 ± 22.6 116.1 ± 22.5

Equilibrium 88.8 ± 12.7 85.9 ± 15.7 87.6 ± 16.1 81.5 ± 16.3

PVb Arterial 101.0 ± 33.4 102.2 ± 31.7 89.7 ± 37.7 71.2 ± 32.0

Portal 147.0 ± 24.0 149.7 ± 25.7 152.8 ± 29.8 139.4 ± 29.2

Equilibrium 94.6 ± 15.4 94.6 ± 12.1 95.5 ± 16.1 88.4 ± 18.7
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the four groups (p < 0.01). During the arterial phase, ΔHU 
for the portal vein decreased as the severity of liver damage 
increased (Fig. 2). Mean ΔHU for the hepatic parenchyma, 
aorta, and portal vein during the other phases did not differ 
among the four groups.

The adequacy of hepatic parenchymal enhancement dur-
ing the portal phase varied within each group (Table 3). In 
the liver cirrhosis groups, ΔHU for hepatic parenchymal 
enhancement was adequate (>50 HU) for 43 of 78 patients 
with LC-A (55.1 %) and for 12 of 33 patients with LC-B 
(36.4 %). In contrast, for 83 of 125 patients with normal 
liver (66.4 %) and 61 of 92 patients with CH (66.3 %) 
ΔHU for hepatic parenchymal enhancement was adequate.

Discussion

Elevation >50 HU is regarded as the optimum hepatic 
parenchymal enhancement during the portal phase [14, 15]. 
Heiken et al. [4] reported that the dose of iodine required 
to increase hepatic enhancement by 50 HU could be calcu-
lated on the basis of the patient’s TBW. Recently, several 
investigators reported that consistent hepatic enhancement 
could be achieved by calculating the dose of contrast mate-
rial by using the lean body weight [7, 9] or body surface 
area (BSA) [8, 10–12] rather than the TBW. In this study, 
to reduce patient-to-patient enhancement variability, we 
determined the dose of contrast medium on the basis of 
BSA. We also used a triple-phase dynamic CT protocol 
with a fixed duration of injection (30 s) and determined 
the scanning delay by the bolus-tracking method, which is 
widely accepted as a standard method [16].

We observed that hepatic parenchymal enhancement 
was affected by the severity of liver disease. Yanaga et al. 
[17] reported that 600 mg I mL−1 was desirable when eval-
uating HCC lesions during the portal phase. Several inves-
tigators have reported that suboptimum hepatic parenchy-
mal enhancement was frequently observed for patients with 

Fig. 2  ΔHU for the portal vein during the arterial phase. In general-
ized estimating equation analysis, ΔHU for the portal vein during the 
arterial phase differed significantly among the four groups (p < 0.01). 
Significance at p < 0.05. a Hounsfield unit, b chronic hepatitis,  
c Child–Pugh grade A liver cirrhosis, d Child–Pugh grade B liver cir-
rhosis. Error bars denote 1 standard deviation

Table 3  Adequacy of contrast enhancement of the hepatic paren-
chyma during the portal phase

Data presented as the number (percentage) of patients

CH chronic hepatitis, LC-A Child–Pugh grade A liver cirrhosis, LC-B 
Child–Pugh grade B liver cirrhosis, HU Hounsfield units
a ΔHU for hepatic parenchyma during the portal phase was not ade-
quate for 35 of 78 patients with LC-A or for 21 of 33 patients with 
LC-B

Enhancement Normal 
(n = 125)

CH (n = 92) LC-Aa 
(n = 78)

LC-Ba 
(n = 33)

>50 HU 83 (66.4 %) 61 (66.3 %) 43 (55.1 %) 12 (36.4 %)

40–50 HU 30 (24.0 %) 21 (22.8 %) 13 (16.7 %) 6 (18.2 %)

<40 HU 12 (9.6 %) 10 (10.9 %) 22 (28.2 %) 15 (45.4 %)

Fig. 1  ΔHU for the hepatic parenchyma during the portal phase. In 
generalized estimating equation analysis, ΔHU for the hepatic paren-
chyma during the portal phase differed significantly among the four 
groups (p < 0.01). ΔHU for the hepatic parenchyma decreased as the 
severity of liver damage increased. Significance at p < 0.05. a Houns-
field unit, b chronic hepatitis, c Child–Pugh grade A liver cirrhosis, 
d Child–Pugh grade B liver cirrhosis. Error bars denote 1 standard 
deviation
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chronic liver diseases [5, 6]. However, studies of different 
patterns of enhancement of the hepatic parenchyma of the 
cirrhotic and noncirrhotic liver are uncommon [18–20]. 
Vignaux et al. [19] performed dynamic contrast-enhanced 
CT using a single dose (300 mg I mL−1, 120 mL) and rate 
of injection (3 mL s−1) of contrast material, irrespective of 
patient body weight. They compared hepatic parenchymal 
enhancement from 70 to 95 s after beginning to adminis-
ter the contrast material by use of dual-detector CT and 
reported that enhancement during the portal phase was sig-
nificantly lower for patients with cirrhosis than for those 
without cirrhosis. Zissen et al. [20] also administered a sin-
gle dose of contrast material (350 mg I mL−1, 150 mL) at 
a single rate (3 mL s−1). They compared hepatic parenchy-
mal enhancement on MDCT 90 s and 10 min after begin-
ning to inject the contrast material. They also reported 
that the liver-to-aorta enhancement ratio was significantly 
lower for patients with cirrhosis than for patients without 
cirrhosis. The timing of the portal phase in these two stud-
ies differed from that in ours, because the rate and duration 
of injection were different. Vignaux et al. compared hepatic 
enhancement 30–50 s after completion of injection of the 
contrast materials; Zissen et al. compared images 40 s after 
completion of injection of the contrast medium. Accord-
ing to Vignaux et al., the duration of injection was 40 s, 
and hepatic enhancement was maximum after 80–85 s and 
plateaued from 90–95 s; thus, maximum hepatic enhance-
ment seemed to occur approximately 40 s after the contrast 
material had been completely injected. Ichikawa et al. [21] 
reported that the timing of maximum hepatic enhancement 
mainly depended on the duration of injection and reached 
a maximum 30 s after completion of injection of the con-
trast material. Zissen et al. [19] also seemed to select maxi-
mum hepatic parenchymal enhancement. The portal phase 
timing in our study was determined by the bolus-tracking 
method. As a result, the actual timing of the portal phase 
was different for each patient. However, the mean timing 
of the portal phase was approximately 30 s after comple-
tion of injection of the contrast material. Thus, our results 
are consistent with these previous findings and indicate that 
hepatic parenchymal enhancement in the cirrhotic liver is 
significantly lower than in the noncirrhotic liver. Moreover, 
hepatic parenchymal enhancement among patients with 
Child B liver cirrhosis was lower than among those with 
Child A type. As the severity of liver cirrhosis increased, 
hepatic enhancement decreased. However, hepatic paren-
chymal enhancement during the equilibrium phase was 
not significantly different between patients with cirrhosis 
and those without cirrhosis. Partanen [16] reported that the 
time–density curve for mean contrast enhancement for the 
liver was similar after 110 s for patients with and without 
cirrhosis. This trend was attributed to slow wash out of 
contrast material from the livers of patients with cirrhosis. 

Hepatic enhancement occurs in two regions, the intravas-
cular space and the extracellular space. The arterial and 
portal phases are primarily determined by perfusion. For 
patients with liver cirrhosis, portal hypertension reduces 
portal perfusion [22–24]. Reduced portal perfusion is com-
pensated by increased arterial perfusion, but our results did 
not indicate any increase in arterial perfusion. The effect of 
increased arterial perfusion may be smaller than the effect 
of reduced portal perfusion during the arterial phase.

We found that enhancement of the portal vein during 
the arterial phase was significantly lower among patients 
with liver cirrhosis than among those without liver cirrho-
sis. This result is similar to those of previous studies [1]. 
However, there was no significant difference between por-
tal vein enhancement in these two groups during the por-
tal and equilibrium phases. Portal hypertension not only 
reduces but also delays portal perfusion [19]. During the 
early phase, CT values mainly reflect the venous return 
from the splenic and superior mesenteric veins; during 
the arterial phase, however, portal vein enhancement for 
the cirrhotic liver simply reflects the delayed portal perfu-
sion. Enhancement of the portal vein itself may not cor-
relate with reduced portal perfusion, because the flow rate 
and diameter of the portal vein do not necessarily correlate 
with its CT value. Collateral vasculature may also reduce 
hepatic enhancement.

Our study showed that optimum hepatic parenchymal 
enhancement was infrequent among patients with liver cir-
rhosis. Increasing the dose of contrast material may be an 
easy solution to this problem. However, a dose increase 
may be problematic, because this increases the risk of renal 
toxicity and the cost. The recent emergence of iterative 
reconstruction methods enables clinicians to perform low-
voltage acquisition without increasing image noise. This 
technique is widely available in current MDCT models 
and could enable optimum hepatic enhancement without 
increasing the dose of contrast material [25, 26].

Our study has several limitations. First, we did not use 
a consistent concentration of contrast material, because 
the study was conducted in a routine clinical setting. Awai 
[15] reported there was no significant difference between 
hepatic enhancement during the portal phase (50 s) and 
delayed phase (180 s) for moderate and high-concentration 
protocols. Thus, we assumed variation of the concentration 
of the contrast material would not significantly affect the 
results. Second, we defined the portal phase as 40 s after 
the trigger and the equilibrium phase as 100 s after the trig-
ger. Different timing of the portal and equilibrium phases 
has been used in previous studies, and the appropriate pro-
tocol remains controversial. Mean duration from the start 
of contrast injection to the trigger was approximately 20 s 
in our study (data not shown). The portal phase was initi-
ated approximately 60 s after the start of contrast injection 
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for patients with and without cirrhosis. We did not confirm 
whether this timing was the maximum hepatic enhance-
ment in our contrast enhancement protocol. Ichikawa et al. 
[21] reported that time of maximum enhancement of the 
hepatic parenchyma was the duration of the injection plus 
30 s. Their data were generated for patients with HCC, 
and most also had chronic liver disease. In this study we 
defined the portal phase with maximum enhancement of 
the hepatic parenchyma on the basis of these previous data. 
However, maximum enhancement of the hepatic paren-
chyma for patients without liver cirrhosis may occur earlier 
and be higher. Third, we defined the equilibrium phase as 
the 100-s delay after the trigger; however, this timing may 
not be the true pharmacologic equilibrium phase [27]. Most 
studies determine the timing for the equilibrium phase on 
the basis of the clinical equilibrium phase [28]. In previ-
ous studies this phase began at least 90 s after the start of 
contrast material injection; on the basis of this protocol, 
our equilibrium phase seems appropriate. Last, diagnosis of 
liver disease was not always on the basis of liver biopsy. 
For some patients, diagnosis was based on laboratory, clini-
cal, and imaging data, because histopathological data were 
unavailable. Although differentiation between chronic liver 
disease and early liver cirrhosis is difficult, we respect the 
physician’s diagnosis.

In conclusion, hepatic enhancement during the portal 
phase differed significantly between patients with normal 
liver and those with chronic liver disease, when a standard 
injection protocol was used and the dose of contrast mate-
rial was based on the BSA. The extent of hepatic paren-
chymal enhancement tended to decrease as the severity of 
liver damage increased. Suboptimum hepatic parenchy-
mal enhancement was frequent among patients with liver 
cirrhosis.
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