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ABSTRACT 

In recent years, the incidence of hepatocellular carcinoma (HCC) has been increasing worldwide, and its high mortality 
seriously threatens public health. Early detection and treatment are crucial to improving the survival rate. Imaging ex- 
amination widely used for the diagnosis of HCC and provides a non-invasive means of tumor visualization. The rapid 
development of medical imaging technology is expected to improve early-stage diagnosis rates for HCC. This article 
summarizes the methods for the differential diagnosis of pre-malignant dysplastic nodule (DN) and small hepatocellular 
carcinoma during the carcinogenesis of cirrhosis and reviews their application. In addition, a discussion on some re-
cently patented medical imaging development was also presented. 
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1. Introduction 

Hepatocellular carcinoma (HCC) arises from cirrhosis 
through multi-levels of differentiation. This process pro- 
duces regenerative nodules (RNs), low grade dysplastic 
nodules (LGDNs), and high-grade dysplastic nodules 
(HGDNs). The dysplastic nodule (DN) is a pre-malignant 
stage of primary HCC [1]. Small HCC refers to a can- 
cerous nodule with a diameter ≤2 cm, which can be di- 
vided into the early HCC and the progressive-stage small 
HCC [2]. We herein summarize methods for the differ- 
rential diagnosis of pre-malignant DNs and small HCC 
nodules and review their application. 

2. The Application of Ultrasound on  
Differential Diagnosis of DN and Small  
HCC Nodule 

2.1. Traditional Ultrasound Examination  
Methods 

Conventional two-dimensional ultrasound has a low de- 
tection rate for DN, only with a rate of 1.6% [3]. It also 
overlaps significantly with the echo from early HCC. 
Color Doppler flow imaging and pulsed Doppler tech-
niques offer some value in the differentiation of DN and 
small HCC. Previous study thought that pulsatile blood 
flow in the nodules, pulsatile afferent arterial blood flow, 

and continuous efferent blood flow are typical color Dop- 
pler flow imaging manifestations of HCC [4]. Recent pro- 
gresses in color power Doppler increase the detection rate 
of flow signals even in small HCCs (76% - 85%) [5,6]. 

For well-differentiated early HCCs, it is difficult for 
color Doppler flow imaging to differentiate DN and early 
HCC, due to the presence of fewer arteries and low blood 
flow velocity. At the same time, Color Doppler flow ima- 
ging is unable to detect some small HCCs with less 
abundant blood supply. Color power angiography exa- 
mination has a higher spatial resolution and signal/noise 
ratio and is more sensitive to low-speed blood flow in 
small blood vessels. It is affected to a lesser extent by the 
angle and the direction, and is not associated with an 
aliasing phenomenon. The sensitivity and specificity of 
color Power angiography was considered to be similar to 
those of angiography. Three-dimensional color Power 
angiography allows calculation of the percentage of tu- 
mor blood vessels in total volume; therefore, it may re- 
flect the blood supply situation of the lesion more accu- 
rately than two-dimensional ultrasound. However, color 
power angiography and 3D-color Power angiography 
cannot display the direction and speed of blood flow, and 
they provide no quantitative information. Moreover, they 
are vulnerable to the impact of organ activity and may 
generate artifacts. The aforementioned methods may fail 
to detect deep lesions, as well as lesions at the edge of 
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the left lateral liver lobe and right sub-diaphragmatic le- 
sions. Therefore, they have not been used widely for the 
early diagnosis of liver cancer in recent years. 

2.2. Contrast-Enhanced Ultrasound 

Previous studies have shown that contrast-enhanced ul- 
trasound, computer tomography (CT), and magnetic re- 
sonance imaging (MRI) have the same sensitivity and 
specificity for screening and identifying small liver nod- 
ules [7-9]. It is generally believed that most of DNs are 
enhanced synchronically with the surrounding liver pa- 
renchyma [10]. In 20% of the lesions, the arterial phase 
is later than that of the surrounding liver parenchyma, 
and the remaining phases show equal enhancement, 
which may be related to complete or incomplete fibrous 
capsule formation in the DN. During degeneration, ne- 
crosis or significant inflammatory cell infiltration occurs 
in the DN, and ultrasound imaging may show no perfu- 
sion during the entire phase. The main contrast-enhanced 
ultrasound manifestations of small HCC are significant 
rapid enhancement during the arterial phase and excre- 
tion of the contrast agent during the portal venous and 
delayed phases, while the enhancement of the surround- 
ing liver parenchyma is starting, and the echo intensity 
within the lesion is significantly lower than that of the 
surrounding liver parenchyma. It has been reported that 
such an enhancement pattern of “rapid filling-in and 
rapid washout” accounted for more than 80% of HCCs 
[11,12]. In HCC, the start time of contrast agent excre- 
tion is related to the degree of differentiation of nodular 
cells. In well-differentiated HCCs, the start time is later 
than in poorly differentiated HCCs. Therefore, well dif- 
ferentiated early HCCs often show an enhancement 
model of “rapid filling-in and slow washout” [13,14]. This 
may be because a well-differentiated early HCC often 
has a double blood supply from the portal vein and the 
hepatic artery [1]. During the arterial phase, the contrast 
agent is infused rapidly from the hepatic artery, and dur- 
ing the portal venous phase a large proportion of con- 
trast agent is infused continuously through the portal vein, 
resulting in the histological basis for “rapid filling-in and 
slow washout”. 

Since 1990s, ultrasound imaging has evolved rapidly 
owing to new advances of ultrasound contrast agents, and 
its application in the early diagnosis of liver cancer has 
become increasingly widespread. Sonazoid is a new type 
of perfluorocarbon microbubble that remains in the liver 
parenchyma for a longer period of time [15]. The display 
can last from 60 to 120 minutes after injection. The exa- 
mination can be completed when the mechanical index is 
low, which reduces the rate of microbubble destruction. 

The stable Kupffer phase provided by Sonazoid (post- 
vascular phase) overcomes the shortcomings of con- 

trast-enhanced ultrasound arising from the short duration 
of the arterial phase, which is not good for scanning the 
entire liver and detecting small lesions. At the same time, 
contrast-enhanced ultrasound offers good visibility with- 
out using sophisticated equipment. Its application has 
been generalized in clinical practice because of its re- 
duced dependence on the operator’s skill and equipment. 
Sonazoid is mainly engulfed by reticuloendothelial cells. 
Since there is an absence of Kupffer cells in malignant 
liver tumors, perfusion defects often occur in the Kupffer 
phase. Some studies proposed the “defect-reperfusion” 
approach for Sonazoid ultrasound imaging, in which the 
area of perfusion defect of the liver during the Kupffer 
phase was observed first, and then Sonazoid was re-in- 
jected [16]. At that time obvious arterial perfusion ap-
pears that is “defect-reperfusion positive”, suggesting a 
high possibility of liver cancer. This method can be used 
for the detection of small HCC, and its sensitivity for the 
detection of small HCC is even higher than that of the 
multi-slice spiral CT. 

The introduce of Sonazoid has expanded the use of ul- 
trasound imaging [17] .which was previously used to dif- 
ferentiate between HCC and benign lesions, determine 
the degree of HCC differentiation, evaluate efficacy after 
transcatheter arterial chemoembolization, and guide fine- 
needle aspiration. Now it also has important roles in 
guiding RF ablation and detecting post-surgery relapsed 
lesions, the clinical staging of HCC, and the selection of 
treatment regimens. 

3. The Application of CT on Differential  
Diagnosis of DN and Small HCC Nodule 

3.1. Plain CT and Three-Phase Enhancement CT 

It is generally believed that DNs appear as low-density or 
isodense nodules in a plain scan. Since the nodule is 
small and has characteristics similar to early-phase liver 
cancer, with its blood supply coming mainly from the 
portal vein, these two types of nodules often show syn- 
chronized enhancement with the liver parenchyma in 
enhanced scan and are difficult to be detected. 60% to 
70% of DNs were isodense in three-phase dynamic con- 
trast-enhanced CT [18], which means that only 35% of 
DN can be detected in contrast-enhanced CT. Although it 
has been reported occasionally that DNs show similar 
enhancement to liver cancer in the arterial phase, the 
incidence is rare [14]. For the DNs that have been de- 
tected, it is common that they appear as low-density nod- 
ules in the portal venous phase and equilibrium phase. 
Most early HCCs showed low or iso-density in the arte- 
rial phase or the delayed phase in contrast-enhanced CT 
[19]. And only 5% of early HCCs showed high density in 
the arterial phase. It can be seen that the CT characteris- 
tics of early HCCs and DNs overlap greatly, and it is 
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very difficult to differentiate the two accurately. The 
main blood supply of small HCCs at the progressive 
stage is arterial, therefore, it has the typical enhancement 
feature of “rapid filling-in rapid washout”. A small por- 
tion of hypovascular HCCs show no significant en- 
hancement in the arterial phase, therefore, lack of en- 
hancement in the arterial phase cannot be a criterion for 
ruling out malignant lesions. 

3.2. CT Hepatic Arteriography and CT Arterial 
Portography 

CT hepatic arteriography (CTHA) and CT arterial porto- 
graphy (CTAP) may reflect hemodynamic changes that 
occur during the carcinogenesis of cirrhosis and may 
help to differentiate benign and malignant lesions. There- 
fore, they are relatively sensitive methods for the early 
diagnosis of HCC. With increases in the malignancy of 
hepatic cirrhotic nodules and changes in the accompany- 
ing blood flow perfusion, CTHA and CTAP also show 
progressive changes. The CTHA and CTAP of hepatic 
cirrhotic nodules were classified into four types based on 
their CT features, which had corresponding histopa- 
thological types [20]. CTAP and CTHA provide an im- 
portant guide to the early diagnosis of liver cancer and 
selection of clinical treatment regimen. They are espe- 
cially valuable for lesions ≤3 cm. However, their clinical 
application is limited due to trauma. 

3.3. CT Perfusion Imaging 

CT perfusion imaging is a functional CT imaging tech- 
nique that can reveal morphological changes while re- 
flecting in vivo hemodynamic changes and providing 
quantitative and semi-quantitative analysis. Common liver 
CT perfusion parameters are hepatic blood flow, hepatic 
blood volume, mean transit time of contrast agent, capil- 
lary permeability surface area product, hepatic arterial 
perfusion index, hepatic artery perfusion, and portal vein 
perfusion. Perfusion CT has a limitation when scanning 
small targets because the color mapping image may not 
enable visualization of a small lesion. To date, true per-
fusion imaging techniques have not been used for the 
surveillance of HCC or dysplastic nodules. Whole-liver 
CT imaging has the potential to provide both high-tem- 
poral-resolution and high-spatial-resolution imaging of 
the entire liver for the detection of small HCC [21]. With 
development of more advanced scanning, CT perfusion 
imaging will detect suspicious nodules based on liver 
cirrhosis to further differentiate benign and malignant 
nodules. 

Compared with normal liver tissue or cirrhotic tissue, 
the main changes in CT perfusion parameters of HCC 
and surrounding infiltration areas are increases in hepatic 
artery perfusion, hepatic arterial index, hepatic blood 

flow, and hepatic blood volume, among which hepatic 
artery perfusion, hepatic arterial perfusion index provide 
the best diagnostic efficacy. It is reported that when the 
threshold of hepatic arterial index was set at 0.308, the 
sensitivity of hepatic artery perfusion and hepatic arterial 
perfusion index in differentiating tumor and cirrhosis was 
100%, and specificity was 90%. 

Several studies showed that the HAP is significantly 
increased in HCC (0.94 ± 0.26 ml/min per milliliter). In 
progressive HCC and background liver tissue, HBF is 
higher in HCC tissue than in background liver tissue [22, 
23]. Additionally, the growth characteristics of HCC can 
be evaluated by analyzing portal vein perfusion at the 
tumor edge, allowing an estimated prognosis for patients 
with liver cancer. Portal vein perfusion may also be 
beneficial for clinicians in selecting the appropriate range 
for liver resection. 

4. The Application of MRI on Differential  
Diagnosis of DN and Small HCC Nodule 

After the text edit has been completed, the paper is ready 
for the template. Duplicate the template file by using the 
Save As command, and use the naming convention pre- 
scribed by your journal for the name of your paper. In 
this newly created file, highlight all of the contents and 
import your prepared text file. You are now ready to style 
your paper. 

4.1. Unenhanced and Dynamic  
Contrast-Enhanced MRI 

Typical DN produces homogeneous high signals on T1- 
weighted images (T1WI) and low signals on T2-weigh- 
ted images (T2WI) in MRI. However, previous studies 
showed that only 33% of DNs showed high signals on 
T1WI and low signals on T2WI, and 67% of DNs were 
of the same intensity on T1WI and T2W [24]. Iron-con- 
taining DNs showed low signals on both T1WI and 
T2WI. DNs rarely show high signals on T2WI. When 
infarction occurs in DN, it may produce high signals on 
T2WI. Three-phase contrast enhanced MRI scans using 
gadolinium contrast agent exhibited no significantly dif- 
ferent resolution from the surrounding liver parenchyma. 
In a small number of cases, enhancement in the arterial 
phase similar to that of HCC may appear, indicating that 
some DNs have increased blood supply from arteries [25]. 
Therefore, if a DN with low initial signals shows higher 
signals on T2WI, it is highly suggestive of cancer [1]. An 
increase in the arterial blood supply can also indicate a 
risk of DN for carcinogenesis. Dynamic contrast-enhan- 
ced MRI can better reflect changes in the arterial blood 
supply of lesions. Nodules with enhancement in the arte- 
rial phase or the appearance of significantly enhanced 
small nodules in the nodules without obvious enhance- 
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ment, i.e., “nodules in nodules,” are highly suggestive of 
the possibility of cancer. Wash-out of contrast agent in 
the portal venous phase and delayed phase are also 
highly suggestive of HCC. 

Low signals on T1WI and high signals on T2WI are 
typical manifestations of small HCC. In a small number 
of cases, small HCCs show high signals on T1WI, which 
may relate to the composition of fat, copper or glycopro- 
tein. In addition, small HCCs have different pseudocap- 
sules, and the T1WI is sensitive in displaying tumor 
capsules, showing homogeneous hypo-intense ring of 
variable thickness. The capsule shows no enhancement at 
the early stage of dynamic contrast-enhanced MRI. At 
late stage and during the delayed phase, the capsule may 
exhibit less regular circular high signal zone, due to the 
diffusion of contrast agent within the capsule and the 
long duration of retention and washout of contrast agent 
in the lesion [25,26]. 

4.2. Application of Targeted Contrast Agents for  
MRI 

In general, hemodynamic changes associated with car- 
cinogenesis of cirrhosis arethe pathological basis of im- 
aging for the detection and diagnosis of HCC. However, 
HCCs with less abundant or atypical blood supplies are 
not uncommon. In those cases, it is difficult to make a 
diagnosis for those lesions using an examination that 
relies solely on blood flow perfusion changes, such as 
contrast-enhanced CT and perfusion and contrast-enhan- 
ced ultrasound. 

The application of nuclear magnetic resonance con- 
trast agent improves the detection rate of HCC. Super- 
paramagnetic iron oxide (SPIO) is a specific type of con- 
trast agent targeting at the reticuloendothelial system. It 
is taken up mainly by intrahepatic Kupffer cells. Kupffer 
cells are present in DNs and they can take up SPIO. 
SPIO is not taken up by HCC nodules, which contain no 
Kupffer cells. SPIO-containing tissues have decreased T2 
values, and they show low signals on T2WI. Tissues 
containing no SPIO may show high signals on T2WI. 
MRI can take advantage of this property of SPIO as a 
contrast agent to reveal the number and function of in- 
trahepatic Kupffer cells, which may help in making an 
accurate diagnosis of intrahepatic DNs and small HCCs- 
[24]. Gadolinium ethoxybenzyl diethylenetriamine pen- 
taacetic acid (Gd-EOB-DTPA) is a new type of liver 
cell-specific contrast agent [27], approximately 50% of 
which can be taken up by hepatic cells and excreted via 
the bile duct. The other 50% is excreted via the kidneys. 
Therefore, Gd-EOB-DTPA not only is a liver cell-spe- 
cific contrast agent, but also may cause enhancement of 
hepatic blood vessels and sinusoids. The contrast agent 
interacts with proteins after it enters hepatic cells, caus- 

ing an increase in the micro-viscosity of intracellular 
environment and increased T1 relaxation time. Gd-EOB- 
DTPA is characterized by high signals on T1WI during 
the hepatobiliary phase. One report showed that 95.4% of 
HCCs have low signals in Gd-EOB-DTPA-enhanced 
hepatobiliary-phase MRI images [28]. Using Gd-EOB- 
DTPA-enhanced hepatobiliary-phase M-RI images, the 
detection rates of well-differentiated early HCCs, HCCs 
with less-abundant blood supplies, and HCCs with di- 
ameters ≤1 cm are higher than those using multi-slice 
spiral CT, CTAP, CTHA, and conventional three-phase 
dynamic contrast-enhanced MR [29-31]. 

In a small number of cases, HCCs showed abnormal 
high signals on T1WI during the hepatobiliary phase. 
Pathological examination revealed that those cancer cells 
were well-differentiated and had strong bile secretion 
function [32], DNs often show an isosignal or high signal 
during the hepatobiliary phase. Gd-EOB-DTPA, there- 
fore, is of great significance for the differentiation of 
DNs and early HCCs [27-31]  

5. Conclusions and Prospects 

It is not difficult to make a correct diagnosis of DN and 
small HCC nodules with typical properties in ultrasound, 
CT, and MRI images. However, the first-choice method 
for the early diagnosis of HCC is still an enormous chal- 
lenge. Currently, imaging results, serum tumor markers, 
and other clinical data are integrated for the diagnosis in 
clinical practice. How to find an economical, non-inva- 
sive, and accurate method for early diagnosis still re- 
quires further study. With the development of molecular 
imaging, the rules of occurrence and development of 
diseases and imaging manifestations can be revealed 
comprehensively and thoroughly at the molecular level. 
Molecular imaging may help detect the biological char- 
acteristics of early-stage tumors, including pre-cancerous 
molecular changes, genetic changes, tumor cell markers, 
and growth dynamics. This may provide a new method 
for the early diagnosis of HCC. 

Recently, there are some methods used to detect the 
malignant tumor tissues from normal surrounding tissue. 
One recent patent provided an apparatus to detect the 
change in xenon concentration in the tissue of the liver 
by using an X-ray CT system [33]. The hepatic arterial 
blood flow amount and the portal blood flow amount are 
determined by the xenon concentration, furthermore, to 
estimate the blood flow of malignant tumor tissues. Sec-
ond patent provided the new contrast media encapsulated 
within 50 nm to 10 μm microspheres to improve contrast 
ratio in the liver to tumor in CT images [34]. This con- 
trast media also resulted in sustained contrast enhance- 
ment 1 h after administration, providing the opportunity 
to use a lesser x-ray exposure in a single scan to discrimi- 
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nate cancerous tissue from normal surrounding tissue. 
Third patent described a method for detecting a halo sur- 
rounding an ultrasound image of a tumor by detecting the 
boundary of the tumor and defining two annular regions 
around that boundary. In this method, presence of this 
halo is indicative of a malignant tumor [35]. 
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