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Abstract
AIM: To compare the gadolinium-enhanced multiphase 
dynamic magnetic resonance imaging (MRI) and 
multiphase multirow-detector hel ical CT (MDCT) 
scanning for detection of small hepatocellular carcinoma 
(HCC). 

METHODS: MDCT scanning and baseline MRI with SE 
T1-WI and T2-WI sequence combined with FMPSPGR 
sequence were performed in 37 patients with 43 small 
HCCs. Receiver operating characteristic (ROC) curves 
were plotted to analyze the results for modality.

RESULTS: The areas below ROC curve (Az) were 
calculated. There was no statistical difference in dynamic 
enhancement MDCT and MRI. The detection rate of small 
HCC was 97.5%-97.6% on multiphase MDCT scanning 
and 90.7%-94.7% on MRI, respectively. The sensitivity 
of detection for small HCC on MDCT scanning was higher 
than that on dynamic enhancement MRI. The sensitivity 
of detection for minute HCC (tumor diameter ≤ 1 cm) 
was 90.0%-95.0% on MDCT scanning and 70.0%-85.0% 
on MRI, respectively. 

CONCLUSION: MDCT scanning should be performed 
for early detection and effective treatment of small HCC 
in patients with chronic hepatitis and cirrhosis during 
follow-up. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
primary malignancy tumor of  the liver. Dual-phase 
CT scanning is a sensitive method for the detection of  
HCC. The developments in rapid magnetic resonance 
imaging (MRI) in combination with gadolinium-enhanced 
multiphase multirow-detector helical CT (MDCT) 
scanning can obviously improve the detection of  small 
HCC. However, MRI and MDCT have a lower sensitivity 
for detecting small HCC, especially minute HCC. MDCT 
scanning has a higher sensitivity for detection of  small 
HCC[1-5]. The purpose of  this study was to compare the 
dynamic enhancement MRI and MDCT for the detection 
of  small HCC in patients with chronic liver disease and 
cirrhosis and to value the clinical role of  new imaging 
technology in detection of  small HCC.

MATERIALS AND METHODS
Patient Sample 
Between October 2002 and December 2004, 37 patients 
(29 men, 8 women, mean age: 56 years, rang: 29-70 years) 
with chronic hepatic disease and cirrhosis who were 
suspected of  having HCC during postoperative follow-
up were included in this study. All the patients underwent 
multiphase contrast enhanced dynamic MDCT and 
gadolinium-enhanced dynamic MRI at 7 d intervals. 

Lesion confirmation   
Small HCC was confirmed in 24 of  37 patients. Fifteen of  
the 24 patients with 43 small HCCs underwent surgery and 
pathologic examination. Of  the 15 patients undergoing 
surgery, small HCC was found in 2 by needle biopsy, in 
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5 by digital subtraction angiography (DSA), and in 2 by 
iodized oil CT and elevated serum α-fetoprotein level 
(> 400 ng/mL) and ultrasound examination. Two out 
of  37 patients undergoing multiphase dynamic contrast 
enhanced MDCT and dynamic gadolinium enhancement 
MRI respectively, were suspected of  having small 
HCC. Their serum α-fetoprotein level was decreased.  
Ultrasound examination one month after follow-up 
and multiphase dynamic contrast enhanced MDCT 
examination three months after follow-up showed that 
the lesions remained unchanged. Five out of  37 patients 
with liver cirrhosis undergoing gadolinium enhancement 
dynamic MRI scanning and multiphase dynamic contrast 
enhanced MDCT imaging were suspected of  having 
small HCC. However, small HCC could not be found. 
Small HCC was not found in 3 of  5 patients who were 
followed up for 2-3 mo by contrast-enhanced MDCT, and 
in 2 of  5 patients who were followed up for 3 mouths by 
enhancement dynamic MRI. Multiphase dynamic contrast-
enhanced MDCT and MRI examination displayed no new 
liver lesions in another 6 patients who were not diagnosed 
having small HCC during the tree-month follow-up period. 
The size of  small HCC was ≤ 1 cm in 20, and > 1 cm or 
≤ 3 cm in 23 of  43 small HCCs, respectively.

MDCT
All CT examinations were performed using a commercially 
available multidetector CT scanner (Marconi Mx 8000) 
with 0.5-0.75 s gantry rotation speed, 23.3 mm/s table 
speed, 5.0 mm-thick section, reconstruction interval 2.5 
mm, 120 Kv and 200-250 mA. 

Entire pre-contrast hepatic scanning was followed by 
a nonionic contrast enhancement (Omnipaque 300 mg 
I/mL) with 1.5 mL/kg and injection rate of  3 mL/s via an 
antecubital vein. Multiphase acquisitions were performed. 
The scanning delay set for early arterial phase (EAP), late 
arterial phase (LAP) and portal venous phase (PVP) was 
21 s, 34 s and 85 s, respectively. Each of  the entire liver 
scanning in cephalad-caudal orientation was completed in 
4-8 s with patient's breath held.

MRI
MRI was per for med wi th a GE S igna 1 .5 T MR 
imaging system. A standard whole-body coil was used 
as the receiver coil for examinations. All the 37 patients 
underwent baseline MR imaging, including breath-hold 
spin-echo T1- weighted imaging(TR 500-700 ms, TE 14-20 
ms), fat-suppressed fast spin-echo T2-weighted imaging 
(TR 2000-4000 ms, TE 80-120 ms) and gadolinium-
enhanced triphasic dynamic gradient-recalled echo imaging 

with a fast multiplanar spoiled-gradient-recalled echo 
breath-hold imaging (FMPSPGR  TR/TE/Flip Angle 
= 100-150 ms/4.6 ms/60-90°), matrix (256 × 128), 7 
mm-thick section, and 1 acquisition. MR imaging was 
performed before and after gadolinium-enhanced dynamic 
gradient-recalled echo imaging (Gd-DTPA, Magnevist, 
Germany, NJ). Dynamic imaging was performed with a 
fast multiplanar spoiled-gradient-recalled echo breath-hold 
imaging. The contrast material was 0.2 mL/kg of  body 
weight administered as a rapid IV bolus. After un-enhanced 
imaging, arterial phase image was obtained during 20-25 s. 
The second and third sets of  images were obtained after 
approximately 60-90 s and 3 min, respectively. 

Imaging analysis
All MRI and MDCT images were reviewed by two 
experienced radiologists, who knew that patients with 
liver cirrhosis were at risk of  developing HCC, but were 
unaware of  the presence and location of  liver lesions 
and the result of  other imaging examinations. The size 
and number of  lesions were analyzed for the various 
multiphase dynamic contrast-enhanced MR sequences and 
MDCT imagines (early arterial, later arterial, portal phases) 
of  the 37 patients. 

The readers scored each imagine for the presence or 
absence of  focal hepatic lesions, and assigned confidence 
levels to their observation: 1 = definite presence, 2 = probable 
presence, 3 = equivocal, 4 = probable absence, 5 = definite 
absence[6].

Statistical analysis
For each imaging method, a binomial receivor operationg 
characteristic (ROC) curve was fitted to each radiologist’
s confidence rating using maximum likelihood estimation. 
The diagnostic accuracy of  each imaging set for each 
observer and the composite data were calculated by 
measuring the area under the alternative free response 
ROC curve. The differences between imaging sets in 
terms of  the mean Az value, were statistically analyzed 
using the two-tail Student’s t test for paired data. The 
sensitivity and positive predictive values for each image set 
were then calculated. The sensitivity of  each observer was 
determined by detecting the number of  lesions assigned 
a confidence level of  1 or 2 from 42 HCCs. The degree 
of  inter-observer agreement was calculated with chance-
corrected kappa statistics. In general, a kappa statistic value 
greater than 0.75 is considered excellent agreement, 0.4-0.75 
good agreement, and less than 0.4 poor agreement[6-8]. 
Statistical analyses were performed using the SPSS 
Statistical Programs, version 10.0. P < 0.05 was considered 
statistically different (Figure 1).

RESULTS
The kappa values were excellent between observers 1 and 
2 for multiphase dynamic contrast-enhanced MDCT (κ 
value = 0.883) and MRI (κ value = 0.812). The Az values 
calculated by each observer with multiphase dynamic 
contrast-enhanced MDCT and MRI for 42 lesions are 
shown in Table 1. For detection of  lesions, two observers 
achieved a slightly higher diagnostic performance with 

Table 1  Area under the ROC curve and P  value for MRI and 
MDCT in detecting HCC

           Observer 1              Observer 2

Imaging techniques Az value 95% CI Az value 95% CI
MDCT  0.983 0.950-1.013 0.99 0.968-1.012

MRI  0.951 0.901-1.001 0.94 0.882-0.999
t value -0.425 -0.956
P value  0.672 0.348



Sensitivity 
(%)

 Positive 
predictive 
value (%)

 Imaging 
 Technique

≤ 1 cm > 1 cm ≤ 3 cm Total
SHCC SHCC SHCC

n = 20 n  = 23  n  = 43 n = 43

Observer 
1

MDCT 19 (95.0) 22 (95.7)   41 (95.31) 97.6
MRI 17 (85.0)   22 (95.72) 39 (90.7) 90.7

Observer 
2

MDCT 18 (90.0)   21 (91.31)   39 (90.79) 97.5
MRI 14 (70.0) 22 (95.7) 36 (83.7) 94.7

MDCT than with MRI, but the difference in the mean 
Az values of  both imagine sets was not significant. The 
chance-corrected kappa values indicated the confidence 
levels for the imagine interpretation of  the ROC analysis 
between the two observers.

The sensitivity and positive predictive values obtained 
with dynamic contrast-enhanced MDCT and MRI 
are shown in Table 2. For less than or equal to 1 cm 
minute HCC, the sensitivity of  MRI was 85% and 70% , 
respectively for the two observers, but the sensitivity of  
MDCT for the two observers was higher than that of  
MRI (95% and 90%, respectively). The positive predictive 
value for MDCT was 97.5%-97.6% for MDCT and 
90.7%-94.7% for MRI, respectively. There were less false-
positive findings on MDCT. 

DISCUSSION
Most HCCs occur in cirrhotic liver. Oka et al[9] in a 6-year 
follow-up study of  140 patients with cirrhosis, Oka et al[9] 
found that the cumulative incidence of  HCC is 39% and 

its per year occurrence rate is 5.3%-8.8%. Small HCC 
results from cirrhosis. Early detection and diagnosis of  
small HCC are important in its effective treatment. Lim et al[10] 
have analyzed the sensitivity and specificity of  double phase 
SCT in detecting small HCC. It was reported that imaging 
technology should be used in detecting small HCC[9,11]. 

Multiphase dynamic CT using a helical scanner has 
become the standard technology for detection and 
diagnosis of  small HCC. The detection of  hepatic nodular 
lesions by CT depends on the attenuation difference in 
the normal parenchyma and enhancement nodule lesions. 
Multiphase dynamic CT scanning can show the change 
between the tumor and its surrounding parenchyma. 
This may in part be a result of  the difference in uptake 
and secretion of  contrast material by hepatocytes of  the 
normal liver parenchyma and HCC cells. Because the 
arterial phase is shorter than the portal venous phase, the 
scanning time of  hepatic lesions is not the optimal time of  
tumors. Therefore, the dual-phase scanning is difficult to 
detect small HCC[7,9,11,12].

MRI is a less invasive and more feasible technique. 
The spin-echo sequence and gadolinium-enhanced 
triphasic dynamic breath-hold imaging are more effective. 
The advantage of  contrast enhancement MRI is to 
deliver a small contrast material volume over a shorter 
period of  time, which results in a tighter bolus. MRI has 
several advantages over dual-phase SCT in detection and 
characterization of  small HCC, including greater soft-
tissue contrast and sensitivity to intravascular contrast 
agent, and more types of  sequences[6,14,16].

Tang et al[17] reported that 94% of  small HCC can be 
found in cirrhotic liver by dynamic gadolinum-enhanced 
MRI. Yan et al[18] reported that 94.12% of  small HCC 
(diameter < 1 cm) can be detected by MRI. Kim et al[19] 

A B

C D

F i g u r e  1   A 4 2 - y r  o l d  m a n 
with pathologically proven he-
patocellular carcinoma. A: Plan 
scanning; B: early arterial phase 
MDCT image showing sl ightly 
enhanced nodule in right lobe; C: 
later arterial phase MDCT image 
showing obvious enhanced lesion; 
D: on the portal venous phase 
MDCT image showing slight low 
attenuation. 

Table 2  Sensitivity and positive predictive value for MRI and 
MDCT in detecting small HCC  n (%)
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reported that 67% of  small HCC (diameter < 1 cm) can 
be displayed by MRI.

The optimal imaging technology can detect most of  
small HCC. MDCT scanner recently has been introduced 
into clinical CT practice, and allows faster Z-axis coverage 
speed and hepatic imaging with thin image thickness 
in a very short time. MDCT can scan the entire liver 
during the double arterial phase. In addition, it improves 
the sensitivity of  depicting small HCC and increases 
conspicuity for hypervascular lesions, and sensitivity of  
detecting small HCC[4,5,24].

The ROC curve analysis revealed that there was a 
higher validity for two imaging methods. Two observers 
achieved slightly higher diagnostic efficiency with 
multiphase contrast-enhanced MDCT than with dynamic 
enhanced MRI, but the difference in the areas below the 
ROC cure was not statistically significant (observer 1, 
P = 0.672; observer 2, P = 0.348). Multiphase contrast-
enhanced MDCT had slightly higher predictive values than 
dynamic contrast enhanced MRI. The positive predictive 
value for MDCT and MRI by observer 1 was 97.6% and 
90.7%, and 97.5% and 94.7% by observer 2, respectively. 
There were less false-positive findings on MDCT, but 
whether the diagnostic efficiency of  multiphase contrast-
enhanced MDCT is superior to dynamic contrast 
enhancement MRI needs further study with a large sample. 

It was reported that the sensitivity of  MRI in detection 
mall HCC is lower[20-22]. However, several factors can affect 
the visualization of  primary focal hepatic lesions during 
contrast-enhanced or un-enhanced MRI, including the 
functionality of  normal hepatic parenchyma, as well as the 
dimension, composition, and degree of  visibility of  the 
lesions, and the residual hepatic functionality of  neoplastic 
cells themselves[23,24]. Since these factors tend to vary 
from patient to patient, it is often difficult to predict the 
behavior of  a given lesion. There is a very good correlation 
between the blood supply and the degree of  pathologic 
characteristics of  hepatic lesions. 

In our study, the sensitivity of  MRI in detecting 
small HCC (≤ 1 cm) was 70% and 85%, respectively. 
Seventy percent of  20 small HCCs showed isointensity, 
4 demonstrated the signal change from isointensity to 
hyperintensity during arterial phase, portal venous phase, 
and delay phase. The other lesions displayed the signal 
change from hyperintensity to isointensity. These different 
findings may be due to the following reasons. First, 
cirrhotic liver has homogeneous or nonhomogeneous 
density, the signal intensity of  cirrhotic liver parenchyma 
is higher than normal liver parenchyma, and the high 
patching signal intensity on T1-weigted imagines is due 
to fatty deposition or hepatitis. Second, since the degree 
of  the liver parenchyma is lower because of  hemosiderin 
deposition and large fibrous tissue in the liver parenchyma, 
the impaired hepatic cells could not absorb contrast 
material. Third, the portal hypertension splits liver blood 
flow into collateral vessels, thus reducing the contrast 
material in the liver parenchyma. Forth, since the time 
window of  arterial phase is narrower and the imaging time 
of  MRI is fixed at the arterial phase 20-25 s, portal venous 
phase 60-90 s, and delayed phase 120 s, it is difficult to 
show a real arterial phase[4].

In conclusion, small HCC often manifests as relatively 
small lesions in cirrhotic livers. There is an obviously 
enhanced small nodule in hepatic arterial phase whether it 
has homogeneous or nonhomogeneous density. The signal 
intensity and contrast enhancement patterns cannot be 
used in the final diagnosis of  small HCC. It is important 
for patients with cirrhosis to undergo follow-up imaging 
more frequently. Nodule growth is highly predictive of  
small HCC[21,26]. Further study is needed since our study 
has some limitations.
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