
Abstract. This study assessed the utility of CT perfusion for
quantitative assessment of liver function and fibrosis. Tissue
blood flow (TBF), tissue blood volume (TBV), mean transit
time (MTT) and hepatic arterial fraction (HAF) were measured
with CT perfusion using the deconvolution algorithm in 38
patients with chronic liver diseases and 10 patients without
liver disease. Using Child-Pugh classification, 21 patients were
classified as Child A, 10 as Child B, and 7 as Child C. In 20
patients, the degree of fibrosis was quantitated in surgically-
resected specimens and compared with the perfusion para-
meters. The mean TBF, TBV, MTT and HAF of patients with-
out liver disease were 103.9±18 ml/min/100 g, 12.5±2.0 ml/
100 g, 11.1±1.6 sec and 18.4±5.6%, respectively (±SD). The
mean TBF of patients with Child A, B and C were 95.1±24,
86.7±29 and 75.5±6.5 ml/min/100 g, respectively. TBF tended
to decrease with the severity of chronic liver disease. The
mean HAF of patients with Child A, B and C were 18.6±8.3,
29.8±11.2 and 40.2±11.1%, respectively. HAF of patients
without liver disease was significantly different from those
of Child B and C (p<0.05, each). However, there were no
significant differences in TBV and MTT between each groups.
HAF correlated significantly with the degree of fibrosis
(R2=0.588, p<0.05). Our results showed that parameters of
CT perfusion correlated significantly with the severity of
liver fibrosis and cirrhosis. Quantitative measurement of
hepatic tissue blood flow by CT perfusion is useful for
evaluation of the severity of disease and fibrotic change.

Introduction

In chronic liver disease, the portal fraction of liver perfusion
decreases due to the increase in intrahepatic vascular resistance
(1,2). The reduced portal perfusion is partially compensated
by an increase in arterial inflow (1,3,4). These quantitative
and qualitative hemodynamic changes in cirrhosis have a pro-
found effect on hepatic function and on the clearance of endo-
and xenobiotics (5-7).

To date, several groups have examined liver function
using various imaging methods, such as Doppler ultrasound
(8-12), isotope scintigraphy (13-15) and dynamic computed
tomography (CT) (2,16). These techniques have not been
accepted as the standard methods because of low spatial
resolution or poor reproducibility. In the present study, we
quantified liver perfusion parameters non-invasively by CT
perfusion based on deconvolution algorithm (17).

Hepatic fibrosis is one of the most important features of
chronic hepatitis. Accurate assessment of hepatic fibrosis is
important for studying the natural history and prognosis of
patients with chronic hepatitis. Several methods are available
for assessing hepatic fibrosis and the progression of fibro-
genesis in clinical practice and chemical methods are often
used to measure the concentration of collagen in liver tissue
(18-20). While these are good methods, they require a large
sample of liver tissue. Conventional routine histological
examination is the most common method, although it is sub-
jective and not quantitative. Moreover, needle biopsy of the
liver is invasive and can cause severe complications and liver
dysfunction, though the incidence is very low. Therefore, a non-
invasive method for assessing the degree of liver fibrosis is
desirable.

The purpose of the present study was to compare the
changes in perfusion parameters measured with CT perfusion
in patients with and without chronic liver disease, and to assess
the utility and clinical usefulness of CT perfusion for quanti-
tative assessment of the severity of disease and fibrotic change.

Materials and methods

Between April 2003 and April 2004, 38 patients with chronic
liver diseases (7 women, 31 men; age range, 32-79 years; mean,
59.1±11 years, ±SD) and 10 patients without liver disease
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(5 women, 5 men; age range, 23-50 years; mean age, 35.6±9
years) underwent CT perfusion examination in our hospital.
According to the Child-Pugh classification, 21 patients were
classified as Child A, 10 as Child B, and 7 as Child C. Twenty-
three of the 38 patients with chronic liver disease had hepato-
cellular carcinoma. The 10 patients without liver disease
were donor candidates of living donor liver transplantation,
and the diagnosis of normal liver was confirmed by medical
history, physical examination, laboratory screening, Doppler
sonography of the liver and needle biopsy specimens. Of the
38 patients, 20 had undergone operation (hepatectomy; n=17,
living donor liver transplantation; n=3, Table I). In the 20
patients, the degree of fibrosis was quantitated in surgically-
resected specimens and compared with the perfusion para-
meters. All patients provided informed consent to undergo
the enhanced CT and CT perfusion examinations and to be
included in the study. The study was conducted in accordance
with the principles of the Declaration of Helsinki. Ethics
Committee in our institute did not require pre-approval of the
study.

CT perfusion. CT perfusion study was performed with an 8
channel multidetector-row scanner (LightSpeed Ultra, GE
Healthcare, Milwaukee, WI). At first, whole liver images
were obtained with a tube voltage of 120 kV, a tube current
of 300 mA, a rotation period of 0.5 sec, a detector colli-
mation of 2.5 mm, and a table increment of 27 mm/rotation.
Images with an effective section thickness of 5 mm were

reconstructed every 5 mm to provide contiguous sections.
Then, CT perfusion study was performed with cine mode
scan (1 sec per rotation) at the liver hilar level, determined by
whole liver images. The scan parameters employed for CT
perfusion study were 120 kV, 60 mA, 1 sec/rotation, 10 mm
slice thickness x2, cine scan mode, standard reconstruction
algorithm, and 35 cm display field of view (DFOV). A non-
ionic contrast medium (Iohexol, Omunipaque, Daiichi
Pharmaceutical Co., Tokyo, Japan) was injected at 0.5 ml/kg
of 300 mgI/ml (total dose 25-40 ml) at a rate of 5 ml/sec
through a 20 gauge plastic cannula inserted into the antecubital
vein. This was followed by injection of 30 ml of saline chaser
at a rate of 5 ml/sec with a power injector equipped with
double syringe drives. Data acquisition started 8 sec after an
initiation of injection of contrast medium and the scan duration
was 40 sec. Oxygen inhalation at 2 l/min was provided to
facilitate long breathholding during scanning. Image recon-
struction was performed every 0.5 sec, and these images were
transferred to an image processing workstation (Advantage
Workstation 4.1, GE Healthcare), to calculate color map images
of each blood flow parameter of the liver by using a commer-
cially available software (CT Perfusion 3, GE Healthcare).
The blood flow parameters included tissue blood flow (TBF,
ml/min/100 g), tissue blood volume (TBV, ml/100 g), mean
transit time (MTT, sec) and hepatic arterial fraction (HAF, %)
(Fig. 1).

To calculate each functional map image, regions of
interest (ROIs, pixel size; 8-20 pixels) were set on the aorta
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Table I. The characteristics of patients who underwent operation.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. Gender Age Disease C-P classification Operation HAF (%) Fibrosis rate (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 M 75 HCC B Hepatectomy 18.8 12.5
2 F 79 HCC A Hepatectomy 23.3 18.5
3 M 75 HCC A Hepatectomy 24.9 14.4
4 F 63 HCC C LDLT 31.6 21.6
5 F 48 Liver cirrhosis C LDLT 60.4 24.6
6 M 71 ICC B Hepatectomy 19.3 14.3
7 M 68 ICC A Hepatectomy 14.9 8.8
8 M 32 HCC A Hepatectomy 14.5 3.4
9 M 54 HCC A Hepatectomy 6.6 7.9

10 M 55 HCC A Hepatectomy 17.4 13.7
11 M 51 HCC A Hepatectomy 14.8 13.6
12 F 68 HCC A Hepatectomy 14.4 8.3
13 M 71 HCC A Hepatectomy 14.1 6.9
14 M 66 ICC A Hepatectomy 21.2 4.4
15 M 54 HCC A Hepatectomy 19.1 7.3
16 M 52 HCC B Hepatectomy 13.2 7.1
17 M 66 HCC A Hepatectomy 18.7 8.1
18 F 58 HCC B Hepatectomy 24.3 11.8
19 M 53 HCC A Hepatectomy 18.2 6.9
20 M 36 Liver cirrhosis C LDLT 35.3 16.8
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; C-P classification, Child-Pugh classification; LDLT, living donor
liver transplantation.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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and the portal vein trunk as input function. At the time of
measuring the parameters, one radiologist with 15 years of
experience in gastrointestinal and hepatobiliary imaging
carefully placed 10-20 ROIs (pixel size; about 400 pixels) on

each section of the liver avoiding intra-hepatic large vessels or
tumors confirmed on a CT image (Fig. 2). The value of all
ROIs were measured and averaged for each case. In our study,
the ROIs on the liver parenchyma in patients with hepato-

ONCOLOGY REPORTS  16:  677-683,  2006 679

Figure 1. The blood flow parameter maps: a 36-year-old male with liver cirrhosis (hepatitis B virus-related). (a), Hepatic tissue blood flow (TBF), 77.4 ml/
min/100 g; (b), Hepatic blood volume (TBV), 9.2 ml/min; (c), Mean transit time (MTT), 12.2 sec; (d), Hepatic arterial fraction (HAF), 35.3%. The degree of
fibrosis was quantitated in surgically-resected specimens (Fig. 3) and compared with the perfusion parameters.

Figure 2. Left, portal venous phase CT image. Right, color map image. 10-20 ROIs (pixel size; 400 pixels) were placed in each section of the liver avoiding
intra-hepatic large vessels or tumors confirmed on a CT image.
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cellular carcinoma were drawn in non-tumor segments in order
to avoid areas with direct mechanical compression of the portal
radicles and the influence of arteriovenous shunt.

Collagen quantification. The degree of hepatic fibrosis was
assessed using surgical specimens obtained from 20 patients
who had undergone surgery (Table I). Evaluation of the
collagen content was done using Sirius red/Fast green staining
as previously described (21,22).

The stained sections were quantitated for the extent of
fibrosis (percentage of fibrotic area relative to the total area
of each microscopic field examined at magnification of x40)
by using a modified computerized technique that allowed
quantification of the collagen density (Adobe Photoshop 5.0J;
Adobe Systems Inc., San Jose, CA). Briefly, the red area,
representing the fibrotic area, was measured by an image
analysis software (Mac Scope, Mitani Corp., Fukui, Japan) at
magnification of x40 (Fig. 3). The mean fibrotic area at five
points of the specimen was used for statistical analysis.
Quantification of fibrosis was performed by an investigator
blinded to the results of the blood flow parameters.

Statistical analysis. Statistical analysis was performed using
StatView version 5.0 software (Abacus Concepts Inc.,
Berkeley, CA). Data for different grades of Child-Pugh clas-
sification were compared by the Tukey-Kramer analysis. In
the 20 patients who were treated surgically, linear regression
analysis was used to determine the correlation between HAF
and degree of fibrosis. Data are expressed as mean ± standard
deviation (SD). Statistical significance was defined as a p-value
of <0.05.

Results

Perfusion studies are safe and not associated with serious
side effects. Each perfusion parameter was successfully
calculated in all examined patients. The mean values of TBF,

TBV, MTT and HAF of patients free of liver disease were
103.9±18 ml/min/100 g, 12.5±2.0 ml/100 g, 11.1±1.6 sec and
18.4±5.6%, respectively (Fig. 4). The TBF values of the liver
parenchyma of patients with Child A, Child B and Child C
were 95.1±24, 86.7±29 and 75.5±6.5 ml/min/100 g, respec-
tively. The TBF tended to decrease with increased severity of
chronic liver disease. TBV values of the liver parenchyma of
patients with Child A, Child B and Child C were 11.7±3.2,
11.2±4.5 and 11.0±3.2 ml/100 g, respectively. The MTT
values of the liver parenchyma of patients with Child A,
Child B and Child C were 11.2±3.1, 11.7±1.7 and 12.2±1.3 sec,
respectively. The HAF values of the liver parenchyma of
patients with Child A, Child B and Child C were 18.6±8.3,
29.8±11.2 and 40.2±11.1%, respectively. There was no
significant difference in TBV and MTT between the groups.
HAF of the liver parenchyma significantly increased with
increased severity of chronic liver disease (Fig. 4).
Significant differences in the HAF of the liver parenchyma
were noted between patients with Child A and those with
Child B and C (p<0.05), and between patients without liver
disease and those with Child B and C (p<0.05).

The histopathologically-determined proportions of fibrosis
for each of the 20 patients are listed in Table I. The HAF
correlated significantly with the proportion of fibrosis in the
20 cases (y = 3.303 + 0.388x, R2=0.588, p<0.05, Fig. 5).

Discussion

Non-invasive measurement of perfusion of parenchymal organs
has long been a domain of scintigraphy (13,23-25). However,
the major drawback of scintigraphic methods is their limited
spatial resolution. It is also difficult to separate overlapping
components of arterial and portal venous inflow of radio-
tracer represented in time-activity curves (26-29), though the
liver receives a dual blood supply from the hepatic artery and
the portal vein, thus resulting in a bi-phasic inflow of any radio-
tracer or contrast media. With regard to positron emission
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Figure 3. Quantification of hepatic fibrosis. Left, The fibrotic area in the liver specimens was stained by Sirius red, and non-fibrotic area by Fast green
(magnification x40). Right, Computer-assisted image analyzed with Mac Scope software. The red area, which was considered the fibrotic area, was assessed
by computer-assisted image analysis. In this case, the fibrotic area is 16.8% of the total area.
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tomography (15), which has the best spatial resolution of the
nuclear medicine techniques, its use and clinical application
are limited due to the high cost.

Doppler and color Doppler US are methods frequently
used to evaluate the arterial and portal venous blood supplies
of the liver after transplantation and to detect eventual
vascular complications (30,31). However, the reproducibility
of portal venous flow measurements with Doppler US remains
controversial, and arterial flow measurements are even more

difficult to obtain with this method because of the small
diameter of the hepatic artery (32,33). Doppler US cannot
directly measure blood flow in the hepatic parenchyma itself,
although it can directly measure the blood flow velocity in
only large feeding vessels. Moreover, calculation of the volume
flow in these vessels results in inaccuracies because of the
inevitable difficulties in measuring the required cross-sectional
areas of these vessels (34). Because of these inaccuracies,
quantification and evaluation of parenchymal perfusion in the
liver is not justified (35).

The application of magnetic resonance imaging (MRI), is
associated with difficulties in the quantification of TBF,
because signal enhancement of vessels and tissue by non-
specific MR contrast medium, such as gadolinium complex,
does not show a linear correlation to the concentration of the
contrast medium (36).

One advantage of the CT technique is the ability to assess
perfusion at the capillary level, which is more directly related
to the metabolic requirements of the tissue than blood flow in
the supplying vessel. Quantification of hepatic perfusion on
dynamic CT, introduced by Miles et al (37) in 1991, has
allowed separate evaluations of arterial and portal perfusion
of the liver. To date, different methodologies, such as the
maximum slope method (2,34,35,37-41) and the dual-input
one-compartmental model (16,42,43) have been described. In
the present study, we used the deconvolution method, which
is a well-established compartmental modeling technique (17).

The main purpose of the present study was to assess the
utility and clinical usefulness of CT perfusion for quantitative
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Figure 4. Perfusion parameters according to severity of chronic liver disease. Top left, hepatic tissue blood flow (TBF, ml/min/100 g). Top right, hepatic
blood flow (TBV, ml/min). Bottom left, mean transit time (MTT, sec). Bottom right, hepatic arterial fraction (HAF, %). TBF of the liver parenchyma of
patients with Child C was significantly lower than that without liver disease (p<0.05). HAF of the liver parenchyma increased significantly with the severity
of chronic liver disease. A significant difference in the HAF of the liver parenchyma was seen between patients without liver disease and Child A and those
with Child B and C (p<0.05), and between patients without liver disease and those with Child B and C (p<0.05).

Figure 5. Relationship between HAF and the proportion of liver fibrosis
(n=20). Note the significant linear relationship between HAF and proportion
of fibrosis (R2=0.588, p<0.05).
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assessment of the severity of disease and fibrotic change in
patients with chronic liver diseases. The value of each perfusion
parameter of the liver parenchyma of patients free of liver
disease was concordant with the normal values published in
previous studies (34,38). The hepatic perfusion parameters of
TBF and HAF of patients with chronic liver diseases were
significantly altered in accordance with the degree of cirrhosis.
These hemodynamic changes can be explained by the structural
alterations that occur in cirrhosis. The increased vascular
resistance in the cirrhotic liver reduces portal perfusion (1,2).
The reduction of portal perfusion is buffered by liver arteriali-
zation, increasing the arterial fraction of liver perfusion
(1,3,4). However, the increased arterial perfusion is often not
sufficient to maintain total liver perfusion in cirrhosis because
of the high extrahepatic portosystemic shunting (1,5), which
explains the reduction of total liver perfusion noted in our
study.

Several groups reported that portal perfusion in cirrhosis,
measured by CT, decreases in proportion with the degree of
hepatic dysfunction, determined by clinical [e.g., the Child-
Pugh classification system (16)] and biological [e.g., pro-
thrombin ratio (2)] parameters. The present results of TBF
tendency to decrease and HAF tendency to increase in parallel
with the severity of chronic liver disease are in agreement
with the results of the aforementioned previous studies (2,16).

Hepatic fibrosis, a common response to chronic inflam-
matory conditions such as viral hepatitis, eventually leads to
cirrhosis. Normally, collagen constitutes 4% of the liver protein.
In cirrhosis, this proportion increases to 15-30% because of
excessive deposition within the space of Disse and defenes-
tration of the basal laminae, sinusoids and hepatic vein. This
results in a considerable increase in vascular resistance, with
subsequent increase in portal vein pressure from the normal
6-10 to 20-30 mmHg. Thus, portal perfusion decreases in
patients with cirrhosis (44,45). Despite its invasiveness, liver
biopsy remains the gold standard for the diagnosis of cirrhosis
(46). An interesting finding of our study was that the
perfusion changes of TBF and HAF in patients with chronic
liver disease significantly correlated with disease severity
and fibrotic grade of the liver. These results suggest that the
value of CT perfusion can be useful for long-term follow-up
of patients with chronic liver disease. Determination of the
prognosis of such patients should be further assessed (2).

Our study had certain limitations. First, the aorta and
portal vein should always be included in the scan section for
the calculation process. Second, a maximum of 20 mm width
could be scanned on cine-mode, which thus limited the study
to cover only the porta hepatic area. However, a wider
detector with 32-40 mm width is available in the newest
model. Third, even though we employed low-dose X-ray,
high-dose radiation exposure cannot be avoided during the
CT perfusion study. However, it is expected that new
techniques, such as the quantum noise filter (47), can reduce
the exposure dose.

In conclusion, CT perfusion is a non-invasive, safe
technique for quantifying hepatic perfusion parameters. These
parameters correlated significantly with the severity of chronic
liver disease and the pathological degree of fibrosis. Our
study indicated that quantitative measurement of hepatic
tissue blood flow by perfusion CT is useful for the evaluation

of the severity of chronic liver disease, fibrotic change and
also for follow-up of patients with chronic hepatitis.
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