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INTRODUCTION

Transcatheter arterial chemoembolization (TACE) has been 
widely used as one of the alternatives to surgical treatment for pa-
tients with hepatocellular carcinoma (HCC) (1-4). Although it has 
been reported to improve the rate of survival (5, 6), TACE is still 
regarded as a bridge to liver transplantation or a palliative treat-
ment for patients with unresectable HCC (7). In general, TACE 

should be repeatedly performed in order to make HCC completely 
necrotic without any remaining viable portion. Thus, the treat-
ment response after TACE is routinely evaluated with various im-
aging modalities, such as CT, contrast-enhanced ultrasonography 
and magnetic resonance imaging (MRI) in order to determine 
whether subsequent sessions of TACE need to be performed (3). 

Although there has been no obvious agreement regarding 
which imaging technique is superior to others for evaluating 
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Purpose: To compare the linear blending image with the nonlinear moidal blending 
image using dual energy CT for the evaluation of the viable portion of hepatocellu-
lar carcinoma (HCC) after transcatheter arterial chemoembolization (TACE).
Materials and Methods: One-hundred and twenty three HCC patients incom-
pletely treated after TACE were enrolled in this study. The dual energy mode (80 kVp 
and Sn140 kVp) was only applied in the late arterial phase scanning. A paired t-test 
was used to compare the lesion-to-liver contrast-to-noise ratio (CNR) and the im-
age noise between the two blending images. Lesion conspicuity, image sharpness, 
image noise and the overall image quality between the two blending images were 
compared using the Wilcoxon matched-pair signed-ranks test. 
Results: The lesion-to-liver CNR was significantly higher on the moidal blending 
image (5.6 ± 3.2) than on the linear blending image (2.7 ± 1.6) (p < 0.001). The im-
age noise was significantly lower on the moidal blending image (10.9 ± 3.5) than on 
the linear blending image (17.5 ± 5.5) (p < 0.001). The lesion conspicuity and overall 
image quality were significantly better on the moidal blending image for both re-
viewers (p < 0.001). However, with respect to image sharpness, the linear blending 
image was significantly better for both reviewers (p < 0.01). 
Conclusion: The nonlinear moidal blending image of dual energy CT showed an in-
creased lesion-to-liver CNR, decreased noise and improved overall image quality for 
the evaluation of the viable portion of HCC after TACE. 
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study and the requirement for informed consent was waived. Be-
tween December 2009 and January 2011, through a search of the 
database of our hospital, a total of 450 consecutive patients who 
underwent various TACE sessions for the management of HCC 
were included in this study. Of them, 369 patients were excluded 
from this study for the following reasons: 1) Multiphasic CT scan-
ning was performed using CT scanners other than a dual-energy 
CT with which the dual energy mode was applied to the late arte-
rial phase scanning (n = 206). 2) The size of the possible residual 
or recurrent portions within or around the iodized oil-retaining 
tumors was too small to be analyzed (an area less than 5 mm2) (n 
= 61). 3) The presence of tumoral enhancement within or around 
the iodized oil-retaining tumor was not confirmed according to 
the angiography (n = 49). 4) CT images revealed that HCCs were 
completely treated; that is, only HCCs with compact accumula-
tion in terms of the accumulation pattern of iodized oil were pres-
ent within the mass on the CT images (n = 35). 5) HCC was dif-
fusely infiltrating throughout the entire liver (n = 10). 6) The 
absence of tumoral enhancement within or around the iodized 
oil-retaining tumor was confirmed according to the angiography 
(n = 8). The remaining 81 patients (66 men and 15 women, age 
range: 44-88 years, mean age: 64 years) with 123 lesions were fi-
nally enrolled in this study. 

All 123 lesions showed either a partial defect or faint accu-
mulation in terms of the accumulation pattern of iodized oil 
within the mass on the CT images. Fifty-three patients had one 
HCC, 19 patients had two HCCs and 9 patients had more than 
three HCCs (six patients with three lesions, two patients with 
four lesions, one patient with six lesions). The mean diameter 
of the HCCs encompassing both the iodized oil-retaining por-
tions and the residual or recurrent portions was 2.8 ± 1.1 cm 
(standard deviation) (range: 1.3-5.3 cm). All the patients were 
diagnosed as having liver cirrhosis. The etiology of liver cirrho-
sis was as follows; hepatitis B (n = 47), hepatitis C (n = 11), 
hepatitis B and C (n = 1), and idiopathic (n = 22). The diagno-
sis of the viable portion within or around the iodized oil-retain-
ing tumor was made by a subsequent angiography after multi-
phasic CT scanning using a dual-energy CT (n = 123) or typical 
imaging findings (arterial enhancement in the late arterial phase 
followed by wash-out in the portal/delayed phase) on dynamic 
contrast-enhanced MRI (n = 28) according to the American As-
sociation for the Study of Liver Disease (19). All the patients 

the therapeutic response after TACE (2, 8), CT has been mainly 
used as the fundamental imaging tool for monitoring the tu-
mor response in patients with HCC after TACE (1, 3, 4, 9). CT 
has the ability to reveal the degree and pattern of accumulation 
of iodized oil within the mass as well as the presence of the via-
ble portion of HCC after TACE (1). Among the various phases 
of the contrast-enhanced CT, the hepatic arterial phase can play 
a pivotal role in detecting a residual viable tumor or recurrent 
tumor within or around the iodized oil-retaining tumor (10). 
That is, if arterial hypervascularity within or around the iodized 
oil-retaining tumor is seen during the hepatic arterial phase, then 
this lesion is presumed to be a possible viable portion of a tu-
mor. However, the accurate identification of a viable tumor in 
follow-up CT after TACE for treating HCC is not always prom-
ising (4, 9). Generally, the ability of CT to evaluate the HCC in 
which iodized oil is partially accumulated is hindered by the 
partial volume effect or the beam-hardening artifact generated 
by hyperattenuating iodized oil (4), and this could subsequent-
ly result in a false-positive or false-negative diagnosis. 

With the introduction of dual energy CT (DECT), several re-
cent studies have focused on the potential clinical applications 
of DECT in the abdomen according to the finding that the at-
tenuation value of iodinated contrast material is greater at 80 
kVp than at 120 kVp or 140 kVp because of the greater photo-
electric absorption and lower Compton scatter (11-17). 

Based on several studies in which the DECT data set could 
be preferentially used for evaluating focal hepatic lesions (12, 
13, 16, 18), we postulated that various image fusion techniques 
with DECT could provide more valuable images to detect the 
residual viable tumor or recurrent tumor within or around the 
iodized oil-retaining tumor. However, to the best of our knowl-
edge, few reports have been presented in which different blend-
ing methods have been compared with respect to the evalua-
tion of HCC after TACE.  

The purpose of our study was to compare the linear blending 
image with the nonlinear moidal blending image of dual energy 
CT for the evaluation of the viable portion of HCC after TACE. 

MATERIALS AND METHODS

Patient Population

Our institutional review board approved this retrospective 
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The delayed phase scanning was performed 180 seconds after 
the initiation of the contrast material injection. The scan range 
was from the diaphragmatic dome to the hepatic angle for the 
late arterial and delayed phase scanning, while in the portal ve-
nous phase scanning, the CT images were obtained from the 
diaphragmatic dome to the symphysis pubis. The patients were 
exposed to an average dose of radiation during precontrast, late 
arterial, portal venous and delayed phase CT scanning of 2.75, 
2.91, 5.54 and 2.64 mSv, respectively. 

The linear blending and moidal blending images during the 
late arterial phase were obtained using dual energy post-pro-
cessing software (Syngo MMWP, VE36A; Siemens Healthcare, 
Erlargen, Germany) by an experienced technician. It took ap-
proximately 1.5 and 3 minutes on average to reconstruct the 
linear blended and moidal, blended images, respectively. The 
linear blended image was generated as a result of blending the 
Sn140 kVp and 80 kVp data sets with the weighting factor of 
0.5. The effect of the moidal blending function on the DECT 
datasets can be modulated by two parameters: the blending lev-
el (λ) and the blending width (ω). In order to generate the moi-
dal blended image, the blending center and the blending width 
were set to 100 HU and 400 HU, respectively, based on previ-
ous studies (13, 20).

Quantitative Analysis

An abdominal radiologist with 5 years experience performed 
quantitative measurements with respect to both the linear blend-
ing and moidal blending images at a Picture Archiving and Com-
munication System (PACS) monitor (PACS; Marotech 5.4, Seoul, 
Korea). The mean CT numbers (as expressed in HUs) of the 
remnant or recurred viable portion within or around the io-
dized oil-retaining tumor were measured using circular regions 
of interest (ROIs). Because the viable portion was adjacent to 
the iodized oil-retaining portion in most cases, special care was 
given in order to avoid including the hyper-attenuating iodized 
oil-retaining portion when manually placing the ROIs within 
the hypervascular viable portion. The size of the ROI varied ac-
cording to the size of the viable portion and the ROI was made 
to cover as much of the hypervascular enhancing portion as 
possible [mean size: 13.1 ± 2.5 mm2 (standard deviation), 
range: 5.1-54.3 mm2]. The mean CT numbers of the hepatic pa-
renchyma were also obtained using circular ROIs, the size of 

were regularly monitored with follow-up CT examinations (one 
month after TACE procedure and every 3 months thereafter) 
until the recurrent HCC was detected. The mean interval be-
tween the last TACE and the follow-up CT examination using a 
dual-energy CT that was reviewed in this study was 65 ± 55 
days (range: 25-386 days). 

The mean body mass index for all the patients was 23.9 ± 2.5 
kg/m2 (standard deviation) (range: 17.5-32.1 kg/m2). There was 
only one patient whose body mass index was greater than 30.  

CT Examination

CT scanning was performed using a dual-energy CT scanner 
(Somatom Definition Flash; Siemens Healthcare, Forcheim, Ger-
many). Unenhanced CT was initially performed from the hepat-
ic dome to the renal hilum. These images were used as a baseline 
study to evaluate the degree of contrast enhancement of the via-
ble portion of HCC on the contrast-enhanced CT images. The 
unenhanced CT images were obtained with 4-mm collimation 
and a 4-mm reconstruction interval. Triple phase (the late arteri-
al, portal venous and delayed phases) contrast-enhanced CT was 
performed after intravenous injection of 100-150 mL of iodinat-
ed contrast material with a power injector (Medrad Stellant Dual 
Head Injector; Medrad, Warrendale, PA, USA) at a rate of 3 mL/
sec through an antecubital vein. The 80 kVp and Sn140 kVp 
images were acquired in the late arterial phase, while only the 
120 kVp images were acquired in the portal venous and delayed 
phases. A higher tube current (quality reference mAs: 200) was 
selected for the 80 kVp setting to reduce the image noise. The 
tube current setting (quality reference mAs: 77) for the Sn140-
kVp setting was automatically preset by the software. The scan-
ning parameters used for the late arterial phase imaging were as 
follows: a detector configuration of 32 × 0.6, a gantry rotation 
time of 0.5 sec, a pitch of 0.8 and the use of a D26f medium 
kernel. CT scanning was performed with the patient in the su-
pine position and automated tube current modulation (Care 
Dose 4D, Siemens Healthcare, Erlargen, Germany) was rou-
tinely used. The scan delay was according to an automatic bolus 
triggering software program (Syngo Acquisition Workplace; 
Siemens Healthcare, Erlargen, Germany). The late arterial phase 
scanning and portal venous phase scanning were started at 18 
and 55 seconds, respectively, after the trigger threshold [100 
Hounsfield units (HUs) on the abdominal aorta] was reached. 
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pre-contrast image, but had lower attenuation than the liver pa-
renchyma on an arterial phase image. The lesion conspicuity 
was classified as ‘subtle but detectable’ when the viable tumor 
portion had a higher attenuation on an arterial phase image 
than on a pre-contrast image but had similar attenuation as the 
liver parenchyma on an arterial phase image. It was regarded as 
‘easily detectable’ when the viable tumor portion had higher at-
tenuation than the liver parenchyma on an arterial phase im-
age. The lesion conspicuity was considered to be ‘obviously visible’ 
when the viable tumor portion had similar attenuation as the he-
patic artery on an arterial phase image. Both reviewers also evalu-
ated both blending images using a five-point scale with respect to 
the image sharpness (1 = marked blurring of organ contours, 2 = 
below average, 3 = average, 4 = above average, 5 = sharpest delin-
eation of organ contours), image noise level (1 = minimal or ab-
sent, 2 = below average, 3 = average noise in an acceptable image, 
4 = above average, 5 = unacceptable) and overall image quality (1 
= non-diagnostic, 2 = suboptimal, 3 = fair, 4 = good, 5 = excel-
lent). The image sharpness was regarded as a ‘marked blurring of 
organ contours’ when the outer margin of the upper abdominal 
organs appeared as more than double lines. It was regarded as 
‘average’ when the outer margin of the upper abdominal organs 
appeared as a blunt single line. The image sharpness was re-
garded as ‘sharpest delineation of organ contours’ when the 
outer margin of the upper abdominal organs appeared as a 
sharp single line. It was considered as ‘below average’ when the 
image sharpness was between ‘marked blurring of organ con-
tours’ and ‘average’. The image sharpness was considered ‘above 
average’ when the image sharpness was between ‘average’ and 
‘sharpest delineation of organ contours’. The image noise was 
regarded as ‘minimal or absent’ when mottling was at minimal 
or less than perceptible levels. It was regarded as ‘average noise 
in an acceptable image’ when there was an average amount of 
mottles and satisfactory perception of small anatomic struc-
tures such as blood vessels. The image noise was regarded as 
‘unacceptable’ when the number of mottles interfered with the 
perception of small anatomic structures such as blood vessels. 
It was considered ‘below average’ when the amount of image 
noise was between ‘minimal or absent’ and ‘average noise in an 
acceptable image’. The image noise was considered ‘above aver-
age’ when the amount of the image noise was between ‘average 
noise in an acceptable image’ and ‘unacceptable’. The overall 

which was 50 mm2. The ROI was placed over the liver paren-
chyma while avoiding the large vessels and the regions with fo-
cal changes of the hepatic parenchymal density. In order to 
measure the image noise, a circular ROI (50 mm2 in size) was 
placed in the subcutaneous fatty layer of the anterior abdomi-
nal wall. The standard deviation of the measurement was de-
fined as the image noise. The ROI was measured three times at 
different locations and the mean value of the three measure-
ments was used for the statistical analysis. The lesion-to-liver 
contrast-to-noise ratio (CNR) was calculated with respect to 
the background noise by using the following formula: CNR = 
(ROIlesion - ROIliver) / SDnoise, where ROIlesion is the mean CT 
number of the hypervascular viable portion of the tumor, ROIliver 
is the mean CT number of the background liver and SDnoise is 
the standard deviation of the subcutaneous fat. 

Qualitative Analysis

An abdominal radiologist with 9 years experience and a third-
year resident independently analyzed the linear blending and 
moidal blending images at a PACS monitor (PACS; Marotech 
5.4, Seoul, Korea). Each image set, which consisted of the pre-
contrast image, the contrast-enhanced late arterial, portal and 
delayed phase images, was presented in two separate reading 
sessions to both reviewers. To minimize the recall bias, each 
reading session was separated by 4 weeks. The cases were ran-
domly presented in each session. The patient’s information 
such as name, age, gender and hospital record number, and the 
CT parameters were omitted from the images. Both reviewers 
were aware of the location of the tumor in the liver and the size 
of each lesion and they evaluated the images in a stack mode. 
The readers were allowed to adjust the window width and level 
to suit their preference. The reference criteria for the five point 
scales used for qualitative assessment were established by con-
sensus by both reviewers in advance of image analysis. Each re-
viewer assessed the lesion conspicuity on two blending images 
using five-point ordinal scales (1 = non-visible, 2 = barely visi-
ble, 3 = subtle but detectable, 4 = easily detectable, 5 = obvious-
ly visible). The lesion conspicuity was classified as ‘non-visible’ 
when there was no visual perception of arterial tumoral en-
hancement within or around the iodized oil-retaining tumor. It 
was classified as ‘barely visible’ when the viable tumor portion 
had a higher attenuation on an arterial phase image than on a 
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tenuation value of the lesion and image noise between two 
blending images (p < 0.001). The mean attenuation value of the 
remnant or recurred viable portion within or around the io-
dized oil-retaining tumor for the linear blending and moidal 
blending images was 116.2 ± 19.5 HU and 129.8 ± 24.1 HU, re-
spectively. The linear blending image showed increased image 
noise (mean value: 17.5 ± 5.5 HU, range: 6.1-34.1 HU) com-
pared with the moidal blending image (mean value: 10.9 ± 3.5 
HU, range: 3.2-23.8 HU). However, with respect to the attenua-
tion value of the background liver parenchyma, there was no 
significant difference between the two blending images (74.0 ± 
11.4 HU for the linear blending image and 75.0 ± 12.3 HU for 
the moidal blending image). The mean lesion-to-liver CNR for 
the viable portion of the tumor was 2.7 ± 1.6 for the linear blend-
ing image and 5.6 ± 3.2 for the moidal blending image, which 
showed a statistically significant difference (p < 0.001) (Table 1).

Qualitative Analysis

The results of visual comparison between the two blending 
images with regard to lesion conspicuity, image sharpness, im-
age noise and overall image quality are summarized in Table 2. 
Both reviewers’ scores of the conspicuity of the hypervascular 
viable portion within or around the iodized oil-retaining tumor 
increased significantly for the moidal blending image (reviewer 
1: 4.3 ± 0.8, reviewer 2: 4.6 ± 0.7) compared with the linear 
blending image (reviewer 1: 3.8 ± 1.1, reviewer 2: 3.7 ± 1.1) (p 
< 0.001) (Fig. 1). Both reviewers rated the linear blending im-
age as having more image noise (reviewer 1: 3.7 ± 0.7, reviewer 
2: 3.8 ± 0.6) than the moidal blending image (reviewer 1: 2.7 ± 
0.9, reviewer 2: 2.3 ± 0.8) (p < 0.001). The analysis of the visual 
grading of the overall image quality showed that the readers’ 
rankings were significantly higher for the moidal blending im-
age (reviewer 1: 3.6 ± 0.7, reviewer 2: 4.0 ± 0.5) compared with 
the linear blending image (reviewer 1: 3.3 ± 0.7, reviewer 2: 3.1 

image quality was graded based on the reviewers’ subjective 
evaluation of the image. The overall image quality was regarded 
as ‘non-diagnostic’ when the impression of the image quality 
was too poor to evaluate the focal hepatic lesion. It was regard-
ed as ‘suboptimal’ when the impression of image quality was 
markedly inferior to the standard live CT image using 120 kVp. 
The overall image quality was regarded as ‘fair’ when the im-
pression of image quality was slightly inferior to the standard 
live CT image using 120 kVp. It was regarded as ‘good’ when 
the impression of image quality was equivalent to the standard 
live CT image using 120 kVp. The overall image quality was re-
garded as ‘excellent’ when the impression of image quality was 
superior to the standard live CT image using 120 kVp. 

Statistical Analysis

All the statistical analyses were performed with commercial-
ly available software (SPSS for Windows, version 18, SPSS, Chi-
cago, IL, USA). Statistical significance was considered to be pres-
ent when the p value was below 0.05. The paired t-test was used 
to compare the lesion-to-liver CNR and the image noise be-
tween the linear blending and moidal blending images. The le-
sion conspicuity, image sharpness, image noise and overall im-
age quality were compared for both blending images by the 
Wilcoxon matched-pair signed-ranks test. The degree of inter-
observer agreement with respect to the qualitative analysis was 
categorized in terms of weighted kappa values as less than 0.20 
(poor agreement), 0.21-0.40 (fair agreement), 0.41-0.60 (mod-
erate agreement), 0.61-0.80 good agreement and greater than 
0.81 (excellent agreement). 

RESULTS

Quantitative Analysis

There was a statistically significant difference for both the at-

Table 1. Comparison of the Attenuation Values of the Lesions and Liver Parenchyma, the Image Noise and the Lesion-to-Liver CNR between 
the Linear Blending and Moidal Blending Images

Parameter Linear Blending Moidal Blending p Value
Attenuation value of the lesions (HU) 116.2 ± 19.5 129.8 ± 24.1 < 0.001
Attenuation value of the background liver (HU)  74.0 ± 11.4   75.0 ± 12.3     0.238
Image noise (HU) 17.5 ± 5.5 10.9 ± 3.5 < 0.001
Lesion-to-liver CNR   2.7 ± 1.6   5.6 ± 3.2 < 0.001

The data is expressed as mean ± standard deviations.
Note.-CNR = contrast-to-noise ratio, HU = Hounsfield unit
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beneficial for evaluating hypervascular hepatic tumors because 
a low tube voltage scan was reported to have a better CNR and 
conspicuity than a high voltage scan (13, 15). However, the use 
of low-kV scanning is accompanied by increased image noise, 
and this may decrease the overall image quality. In an effort to 
reduce the increased noise of low-kV images, several methods 
for blending both the DECT data sets at two photon energies 
have been developed (12, 20). That is, through image blending, 
it is possible to combine the advantages of both the 80 kVp and 
140 kVp data, while the disadvantages of each type of data set 
are minimized.

Historically, the linear blending method was initially used to 
produce fused 140-kV and 80-kV scans, and the weighting fac-
tor can be selected between 0 and 1. The linear blended image 
with a weighting factor of 0.3 (70% of the fused image informa-
tion from the 140 kVp image and 30% from the 80 kVp image) 
is regarded as a routine reconstruction image because it has ap-
proximately similar image characteristics as those of a standard 
120 kVp single energy scan (12, 21, 22). However, in the case of 
the Somatom Definition Flash CT scanner, a weighting factor 
of 0.4 needs to be used in order to produce images that are sim-

± 0.5) for both readers (p < 0.001). In contrast, with respect to 
the image sharpness, the reviewers’ rankings were significantly 
higher for the linear blending image (reviewer 1: 4.1 ± 0.5, re-
viewer 2: 4.0 ± 0.5) than for the moidal blending image (re-
viewer 1: 3.8 ± 0.6, reviewer 2: 3.9 ± 0.7) for both reviewers (p < 
0.01). In respect to the interobserver agreement, the weighted 
kappa values ranged from 0.396 to 0.685 (Table 3). 

DISCUSSION

The DECT scanner has two X-ray tubes and the correspond-
ing detectors are placed in an orthogonal geometry, thus allow-
ing for simultaneous dual-energy scanning (20). The ability of 
DECT to perform 80 kVp scanning has been expected to be 

B C DA
Fig. 1. A 59-year-old man who underwent two sessions of transcatheter arterial chemoembolization for HCC.     
A. The unenhanced CT image shows a sparsely iodized oil-retaining lesion at the right hepatic dome (arrows).
B. The linear blending image obtained during the late arterial phase shows a questionable area of enhancement (arrows) within a sparsely iodized 
oil-retaining lesion at the right hepatic dome. 
C. The moidal blending image obtained during the late arterial phase more clearly demonstrates the hypervascular enhancing portion (arrows) 
within a sparsely iodized oil-retaining lesion at the right hepatic dome. 
D. The celiac axis angiogram reveals hypervascular staining (arrows) fed by branches of the right hepatic artery at the right hepatic dome.
Note.-HCC = hepatocellular carcinoma

Table 2. Comparison of Qualitative Assessment between the Linear Blending and Moidal Blending Images

Parameter
Reviewer 1 Reviewer 2

Linear Blending Moidal Blending p Value Linear Blending Moidal Blending p Value
Lesion conspicuity 3.8 ± 1.1 4.3 ± 0.8 < 0.001 3.7 ± 1.1 4.6 ± 0.7 < 0.001
Image sharpness 4.1 ± 0.5 3.8 ± 0.6 < 0.001 4.0 ± 0.5 3.9 ± 0.7 < 0.01
Image noise 3.7 ± 0.7 2.7 ± 0.9 < 0.001 3.8 ± 0.6 2.3 ± 0.8 < 0.001
Overall image quality 3.3 ± 0.7 3.6 ± 0.7 < 0.001 3.1 ± 0.5 4.0 ± 0.5 < 0.001

Note.-HCC = hepatocellular carcinoma

Table 3. Inter-Observer Agreement between the Two Reviewers

Parameter
Kappa Value for the  

Linear Blending 
Image

Kappa Value for the 
Moidal Blending 

Image 
Lesion conspicuity 0.685 0.590
Image sharpness 0.493 0.479
Image noise 0.631 0.529
Overall image quality 0.426 0.396
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80 kVp data set. This could explain the result of our study which 
suggests that the mean attenuation value of the lesions was sig-
nificantly greater on the moidal blended image than on the lin-
ear blended image. In contrast, the mean values of the back-
ground liver parenchyma were nearly similar between the two 
blended images. Given that the value of level (λ) was set be-
tween the mean attenuation values of the viable portion and 
the background liver, we believe that the moidal blended image 
in our study was generated with optimally selected parameters, 
and this could result in significant improvement over the image 
made by the linear blended technique with respect to lesion 
conspicuity and the overall image quality. These results are sup-
ported by those of the previous studies (13, 20).

Regarding image noise, our results differ from those of the pre-
vious study by Kim et al. (13). While Kim et al. reported that im-
age noise on the moidal blended images was either comparable 
to or greater than that on the linear blended images with vari-
ous weighting factors, in our study, the image noise was signifi-
cantly increased on the linear blended image. This discrepancy 
in image noise might be attributable to the differences in pa-
rameters used for the moidal blending technique, the CT scan-
ner used and the structure of the 140 kVp tube. 

Both reviewers, in our study, considered the linear blended 
image to have better image sharpness than the moidal blended 
image, which could mean that there was a perceptible loss of 
anatomic structure delineation to some degree. However, the 
moidal blended image showed superior lesion conspicuity, to-
gether with decreased image noise. Thus, it is assumed that 
there could be a trade-off between the benefits of superior le-
sion conspicuity and noise reduction, and the risk of a loss of 
spatial resolution during the reconstruction of the moidal blend-
ed image. Nevertheless, given the moidal blended image was 
considered to show superior overall image quality, we believe 
that the readers tended to prefer images with better contrast at 
the expense of decreased spatial resolution.    

The residual or locally recurrent tumor should be detected as 
soon as possible on a series of follow-up CT examinations after 
TACE in order to provide the chance for the tumor to be suc-
cessfully managed at an early stage of HCC. Because iodine en-
hancement within or around the iodized oil-retaining tumor 
during the hepatic arterial phase is the most distinguishing fea-
ture indicative of a viable portion of HCC, the greater contrast 

ilar to a standard 120 kVp image due to the presence of a tin fil-
ter in the 140 kVp tube; this weighting factor is based on the 
manufacturer’s recommendation. According to several previ-
ous studies that compare different weighting factors (11, 13, 
23), although the image noise increases in proportion to a 
weighting factor, weighting factors greater than 0.5 produce fu-
sion images with a higher CNR and superior image quality. 
Thus, in this study, we adopted a weighting factor of 0.5 as an 
optimal parameter for the linear blended image.   

Continued refinement has been made of the non-linear 
blending techniques to maximize the advantages of both ener-
gy data sets, although the linear blended image provides some 
improvement in contrast resolution along with decreased noise. 
For example, the moidal blending method uses a flexible mix-
ing ratio depending on the HU values of the voxels (20). That 
is, high contrast resolution with less noise could be accom-
plished through a preferential blending function on each voxel 
basis. The two parameters (the blending level and the blending 
width) have a direct effect on the moidal blended image. As the 
level (λ) increases, the effect of the 80 kVp image on a voxel 
with a given CT number decreases, while as the width (ω) in-
creases, the rate of change in transition from a low contribution 
of the 80 kVp image to a high contribution of the 80 kVp image 
decreases (13). Based on the previous experimental and clinical 
data, which suggested that it would be desirable to set λ and ω 
at a value between the hypervascular lesion and the background 
liver, respectively, and to set the value as wide as possible (13, 20), 
we used 100 and 400 HU as the λ and the ω values, respectively.

Our study showed that the moidal blending method using 
the Sn140 kVp and 80 kVp images with DECT could signifi-
cantly improve the conspicuity of tumoral enhancement within 
or around the iodized oil-retaining tumor, together with supe-
rior overall image quality, compared with the linear blending 
method. In our study, the CNR of the viable portion of HCC 
after TACE increased more than two times when the moidal 
blended image was compared with the linear blended image. 
This result seems to reflect the fact that the moidal blending 
function differentially weighs voxels with the low HU values 
toward the 140 kVp data set and the voxels with the high HU 
values are weighted toward the 80 kVp data set (20). That is, 
voxels of the hypervascular viable portion of HCC in the moi-
dal blended image can be interpreted to mainly come from the 
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ma. Hepatology 2002;35:1164-1171

7.	Belghiti J, Carr BI, Greig PD, Lencioni R, Poon RT. Treat-

ment before liver transplantation for HCC. Ann Surg On-

col 2008;15:993-1000

8.	Kubota K, Hisa N, Nishikawa T, Fujiwara Y, Murata Y, Itoh S, 

et al. Evaluation of hepatocellular carcinoma after treat-

ment with transcatheter arterial chemoembolization: com-

parison of Lipiodol-CT, power Doppler sonography, and 

dynamic MRI. Abdom Imaging 2001;26:184-190

9.	Jang KM, Choi D, Lim HK, Lim JH, Lee JY, Lee WJ, et al. De-

piction of viable tumor in hepatocellular carcinoma treated 

with transarterial chemoembolization: multiphasic helical 

CT with review of the previous serial CT images. Korean J 

Radiol 2005;6:153-160

10.	Lau WY, Lai EC. Hepatocellular carcinoma: current man-

agement and recent advances. Hepatobiliary Pancreat Dis 

Int 2008;7:237-257

11.	Behrendt FF, Schmidt B, Plumhans C, Keil S, Woodruff SG, 

Ackermann D, et al. Image fusion in dual energy comput-

ed tomography: effect on contrast enhancement, signal-

to-noise ratio and image quality in computed tomography 

angiography. Invest Radiol 2009;44:1-6

12.	Fletcher JG, Takahashi N, Hartman R, Guimaraes L, Huprich 

JE, Hough DM, et al. Dual-energy and dual-source CT: is 

there a role in the abdomen and pelvis? Radiol Clin North 

Am 2009;47:41-57

13.	Kim KS, Lee JM, Kim SH, Kim KW, Kim SJ, Cho SH, et al. 

Image fusion in dual energy computed tomography for 

detection of hypervascular liver hepatocellular carcinoma: 

resolution could lead to a greater chance to correctly detect the 
viable portion of HCC. From this point of view, the ability of 
the moidal blended CT images to achieve a better CNR during 
the hepatic arterial phase may be beneficial to evaluate a ques-
tionable area of enhancement on the follow-up CT after TACE. 
It is also assumed that the improved lesion-to-liver contrast of 
the moidal blended images may be effectively used to overcome 
the limitations of a CT examination as any arterial enhancing 
viable portion of HCC after TACE may be obscured by the 
high attenuation density of the iodized oil. This suggestion, 
however, needs to be further validated by subsequent studies.  

This study has several limitations. First, in our study we did 
not compare various combinations of parameters in fused im-
ages. Instead, we adopted linear and nonlinear moidal blending 
methods with fixed parameters. We considered that the param-
eters used in our study could produce the representative images 
of both blending methods, as based on previous studies. Sec-
ond, the value of the 80 kVp and 140 kVp images as well as the 
iodine map were not evaluated for the detection of the viable 
portion of HCC. Third, there may be an intrinsic selection bias 
because we had included only those patients in whom a residu-
al or recurrent tumor was confirmed with angiography or MRI. 
Fourth, only one patient had a body mass index greater than 30 
in our patient population. Thus, the results of our study need to 
be cautiously interpreted especially for obese patients. 

In conclusion, the nonlinear moidal blending image of dual 
energy CT showed an increased lesion-to-liver CNR, decreased 
noise and improved overall image quality for the evaluation of 
the viable portion of HCC after TACE.
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경도관동맥화학색전술로 치료받은 간세포암의 평가에 있어  
이중에너지 CT: 선형혼합기법과 비선형 Moidal 기법의 비교1

신상수1 · 강형근2 · 김형욱1 · 김진웅2 · 허숙희2 · 정용연2 · 선현주2 · 이다운1 

목적: 경도관동맥화학색전술(transcatheter arterial chemoembolization; 이하 TACE) 후 잔류 종양이 있는 간세포암의 

평가에 있어 이중에너지 CT로 얻은 선형혼합영상과 비선형 moidal 혼합 영상을 비교하고자 하였다.

대상과 방법: TACE 후 불완전 치료가 된 123예의 간세포암을 대상으로 하였다. 이중에너지 모드(80 kVp와 Sn140 kVp)

는 후기 동맥기 영상을 얻을 때 적용하였다. Paired t-test를 사용하여 두 영상 사이에 병변대 간의 신호대잡음비와 영상잡

음을 비교하였다. 병변의 명확도, 영상의 선명도, 영상잡음, 전체적인 영상의 질은 Wilcoxon matched-pair signed-ranks 

test를 사용하여 비교하였다. 

결과: 병변대 간의 신호대잡음비는 선형혼합영상(2.7 ± 1.6)에 비해 moidal 혼합영상(5.6 ± 3.2)에서 유의하게 높았

다(p ＜ 0.001). 영상잡음은 선형혼합영상(17.5 ± 5.5)에 비해 moidal 혼합영상(10.9 ± 3.5)에서 유의하게 낮았다(p 

＜ 0.001). 병변의 명확도, 전체적인 영상의 질은 moidal 혼합영상에서 더 좋았다(p ＜ 0.001). 그러나, 영상의 선명도는 

선형혼합영상이 더 좋았다(p ＜ 0.01). 

결론: TACE 후 잔류 종양이 있는 간세포암의 평가에 있어 이중에너지 CT로 얻은 비선형 moidal 혼합영상은 선형혼합영

상에 비해 병변대 간의 신호대잡음비, 영상잡음, 전체적인 영상의 질이 우수하였다. 

1전남대학교 의과대학 전남대학교병원 영상의학과, 2전남대학교 의과대학 화순전남대학교병원 영상의학과


