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Abstract: The aim of this study was to characterize the hepatocellular carcinoma HCC CT intensity relative to normal liver tissue and 

other abdominal organs kidney, pancreas and stomach. The method used was the texture analysis which is depends on the collection of 

CT Number in Hounsfield Unit as excerpted from the k-means technique and the CT system used was tri-phases multidetector 

computerized tomography MDCT. The analyzed data showed that: the detected mean size of HCC lesions was 11.2±5.3 cm2. And the 

mean intensity in HU of the selected abdominal classes i.e. HCC, liver, kidney, spleen and stomach were (111, 146, 137), (128, 172.1, 

158), (172, 221, 207.6), (142, 188, 174), (151, 196, 182.7) during plain, arterial and venous phases respectively. While the ultimate 

golden scored was the intensity% of HCC relative to normal liver, kidney, spleen and stomach through the different imaging phases 

(plain, arterial and venous), were: 1%, 26%, 83%, 42% and 80% respectively. 
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1. Introduction 
 
Liver as a vital organ could be involved by several serious 
diseases. One distinct types are tumors which can be benign 
or malignant. The benign tumors of the liver seen most 
frequently include cavernous hemangioma, liver cell 
adenomas, and focal nodular hyperplasia (FNH), while the 
frequently seen malignant tumors are hepatocellular 
carcinoma (HCC), intrahepatic cholangiocarcinoma, Bile 
duct cystadenocarcinoma, and hepatoblastoma [1]. HCC is 
the third leading cause of death in the world, with annual 
mortality of more than 500,000 worldwide [2]. 
 
Although the main causative factor often is identified, 
however the common etiological factors stated by scholars 
are liver cirrhosis, association with hepatitis B virus 
infection, hepatitis C virus, alcoholic liver disease, 
nonalcoholic steatohepatitis, and intake of aflatoxin-
contaminated food, diabetes, and obesity, and in addition to 
the geographical factors [3]. 
 
The common diagnostic modalities are triple-phase helical 
CT and triple-phase dynamic contrast enhanced magnetic 
resonance imaging (MRI) [4, 5]. The significant mark of 
HCC during CT scan or MRI is the presence of arterial 
enhancement followed by delayed hypointensity of the tumor 
in the portal venous and delayed phases, i.e. washout [6]. 
Such marks depend on the fact that: HCC derives its blood 
supply predominantly from the hepatic artery, whereas the 
remainders of normal parenchyma tissues of liver receive via 
both arterial and portal blood, hence such hemodynamic 
features during imaging i.e. (arterial hypervascularity and 

washout in the venous phase) could be utilized successfully 
in diagnosis of HCC by multi-detector computerized 
tomography MDCT [7, 8], which in turns leads to an 
increased enhancement (low density) of the tumor relative to 

the surrounding liver parenchyma during the hepatic arterial 
phase as shown by the study introduced by Yau et al, [9]. 
 

 
Figure 1: shows the CT scan in the hepatic arterial phase of 

contrast enhancement showing neovascularity in a low-
density hepatic mass [9]. 

 
However, a variety of entities structures such as dysplastic 
nodules [10], confluent hepatic fibrosis [11], non-tumors 
arterioportal shunts [12] and haemangioma [13] can also 
manifested with increased arterial enhancement and thus 
mimic HCC, particularly if they were smaller than 2 cm in 
diameter; whereas tumor washout (No contrast saturation 

and No blood phase), i.e. hypoattenuation relative to the 
adjacent hepatic parenchyma during the hepatic venous or 
delayed phase, has been recognized as a strong predictor of 
HCC [14]. This sign has been included, along with the 
presence of hypervascularity, in the latest American 
Association for the Study of Liver Diseases (AASLD) 
guidelines for the diagnosis of HCC at multiphase by MDCT, 
MRI or contrast-enhanced ultrasonography [7]. Despite the 
great success in diagnosis of HCC the challenge persists to 
diagnose small hepatocellular nodules in the cirrhotic liver 
[15], also the visual inspection and diagnosis of CT scans 
could not be sufficient for proper image interpretation even 
for experienced radiologists which in many cases depend on 
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a team of radiologists and mostly rely on the invasive 
procedure like needle biopsy or even surgery. Therefore 
further research to layout confidence and significant 
diagnostic technique is in needful.  
 
The worth to be introduced here and will be the aim of this 
topic is the computer-aided image processing methods taking 
unique name as texture analysis which utilizes effective 
classification algorithms to quantify, qualify and extracting 
the information not normally detected by the human eye. This 
technique could reduce or even eliminate the necessity of 
performing the invasive techniques [16, 17]. And to 
overcome the shortness of using invasive technique and 
raising the accuracy of Computerized Texture Analysis, 
different valuable parameters have been considered for 
accurate qualitative characterization of hepatic diseases such 
as: texture features, grey scale, fractal dimension estimators 
or shape descriptors, combined with a classifier [18-19]. 
Therefore the main objective of this study was to characterize 
and identify HCC using classification technique depending 
on the disparity of grey level in case of plain, arterial and 
venous phases in CT images. 
 
2. Materials and method 
 
The study consisted of 200 patients with HCC male and 
female who are presented for abdominal CT for liver. An 
abdominal tri-phase multidetector helical CT system used to 
carry out the required images and the data as intensities in 
Hounsfield Unit (HU) for the HCC zone; normal liver, 
spleen, kidney and stomach were collected and interpreted by 
different radiologists for 50 patients at first and were selected 
as training set (tri-phase) where a window of 3×3 pixel was 
selected to extract the mean intensity per region of interest 
ROI which included: HCC, normal liver, Kidney, spleen and 

stomach. The selected data were used as classification center 
to classify the rest of the data for the 150 patients using k-
means technique for texture analysis discussed by 
MacQueen, [20]. Then a classification map were generated 
which included 5 classes within the ROI. The boundaries of 
HCC class in the classification map were used to delineate 
the outline of the HCC tumor on the original image. 
 
3. Results 
 
The following are the results related to the mean intensity in 
HU of the selected abdominal classes on CT for plain, 
arterial and venous phase, plain CT image for liver and 
relative abdominal adjacent organs and the enhanced contrast 
CT image shows the hypo-dense of HCC, hemodynamic 
phases and the relative intensities in U for HCC and others 
organs and the HCC intensity in HU% relative to plain 
normal liver intensity and other organs. 
 
 

 
Figure 2: shows the mean intensity in HU of the selected 

abdominal classes on CT for plain, arterial and venous phase. 
 

 
Figure 3: shows (a) the plain CT image for liver and relative 
abdominal adjacent organs and (b) the enhanced contrast CT 

image show the hypo-dense of HCC. 
 

 
Figure 4: shows the hemodynamic phases and the relative 

intensities in U for HCC and others organs 
 

 
Figure 5: shows the HCC intensity in HU% relative to plain 

normal liver intensity and other organs 
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4. Discussion and Analysis 
 
The mean size of HCC lesions detected during tri-phases of 
MDCT scan was 11.2±5.3 cm2 and the mean intensity in HU 
of the selected abdominal classes i.e. HCC, liver, kidney, 
spleen and stomach were (111, 146, 137), (128, 172.1, 158), 
(172, 221, 207.6), (142, 188, 174), (151, 196, 182.7) for 
plain, arterial and venous respectively as shown in Figure (2). 
The analysis of HCC, liver and other abdominal classes 
(kidney spleen and stomach) over the different imaging 
phases (plain, arterial, and venous) showed that, on the pre-
contrast scan (plain) all HCC lesions were either iso-dense or 
hypo-dense i.e. giving mean intensity (111 HU) which is 
lower than the other organs and relative to surrounding liver 
parenchyma; and during the arterial phase HCC intensity 
value reached the maximum enhancement with mean 
intensity of (146 HU), but it is still lower than the 
surrounding normal liver parenchyma, therefore the tumor 
appear as hypo-attenuating as shown in Figure (3, 4), while 
during the venous phase the intensity of the tumor were 
decreased and clearly washout as detected with mean 
intensity of (137 HU). In contrast the intensity of surrounding 
normal liver tissue were increased during the hepatic arterial 
phase showing the plateau at (172.1 HU) and decreased to 
(158 HU) in venous phase as shown in Figure (4), such 
phenomena has been ascribed to intra-lesions enhancement of 
the contrast medium during the arterial phase [21, 22] which 
in turn related to the differences in blood supply. 
 
HCCs receive blood primarily from the hepatic arteries and 
therefore tend to enhance more avidly than background 
normal liver during arterial phase imaging, as the normal 
liver receives approximately 25% of its blood supply from 
the hepatic artery and 75% from the portal vein during the 
portal venous phase of contrast enhancement. The liver 
continues to enhance, and the lack of portal venous blood 
supply to HCCs results in the characteristic washout in the 
portal venous phase and especially in the delayed phase, in 
addition, the liver parenchyma is often fibrotic in patients 
with HCC, hence all will be as factors contribute to the 
appeaance of hypodense of HCCs in the portal venous and 
delayed phases [23]. 
 
The detected large size of HCC tumors (11.2 cm2) are most 
likely associated with necrotic tissues, therefore, blood 
supply will be poor during the arterial phase; which also 
contributes to the hypodense appearance of HCCs in the 
arterial phase. 
 
Similarly in plain phase HCC also associated with hypodense 
appearance, which means that the component of HCC consist 
of component softer than the normal tissues which is necrotic 
cell with fluid like pus cells and dead tissues. In comparison 
with previous study; the small size HCC lesions < 2cm2 
mostly appear as hyper-dense in the arterial and venous phase 
because the blood supply was so good enough with minimum 
necrotic tissues. In such realm Monzawa et al. [24], found 
that some HCCs, especially small or well-differentiated 
lesions, may not be hyper-enhancing on arterial phase 
images, and only 58% of HCCs < 2 cm were hyper-vascular 
on the arterial phase. Conversely, a minority of hyper-

vascular HCCs may not exhibit washout on portal venous or 
delayed phase image; as has been stated by Lee et al [25]. 
 
In the current results, there was a significant difference 
between the intensity value of HCC relative to plain normal 
liver, and other abdominal classes (kidney, spleen and 

stomach) through the different imaging phases, that gives: 
1%, 26%, 83%, 42% and 80% for HCC, normal Liver, 
kidney, spleen and stomach respectively as shown in Figure 
(5), which can help in delineated the outline and counter of 
the HCC from other abdominal organs.   
 
5. Conclusion 
 
Texture analysis depending on the relative attenuation 
coefficient of tissues i.e. the CT No in HU could serves the 
diagnostic field and overcoming the visual diagnosis that 
comes with different interpretation and also would have 
promising future to avoid invasive technique if the base line 
for individual tissues being determined and algorithmic aided 
computer have been applied.  
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