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By V. Cantisani, MD, PhD

Surveillance of patients with 
liver cirrhosis: is there still a 
role for CeUS? 
The satellite symposium on “Contrast-enhanced ultrasound 
in the imaging of patients at risk of developing malignant 
lesions” that was sponsored by Bracco Imaging at the recent 
ECR meeting in Vienna was crowded to overflowing. 

This article summarizes in particular the presentation on 
the role of Contrast-enhanced Ultrasound (CEUS) in patients 
with liver cirrhosis, a subject that is currently a controversial 
“hot” topic. 

The article aims to describe the current consensus of 
experts regarding the precise role of CEUS in patients with 
liver cirrhosis and to put some earlier, controversial studies 
into the context of more recent data.

LIvEr cIrrhosIs 
First of all, let’s set the scene. Cirrhosis is characterized by the 
histological development of regenerative nodules surrounded 
by fibrous bands in response to chronic liver injury. The over-
riding aim of medical imaging in cirrhotic patients should be 
the ruling out or in of Hepatocellular Carcinoma (HCC). This 
is all the more important since the incidence of HCC is con-
stantly increasing and currently represents the majority of pri-
mary hepatic tumors. Usually HCC develops from an established 
background of chronic liver disease with most HCC patients 
having a background of liver cirrhosis. 

The risk of developing HCC increases as the size of a nodule 
increases; there is more than a 90% probability of developing 
HCC if the nodule is greater than 3 cm, whereas nodules less 
than 1 cm are rarely malignant. The clinical objective is therefore 
to screen high-risk patients as early as possible, whether we are 
dealing with viral-related cirrhosis or chronic alcohol-related 
liver disease. This approach is particularly important since it has 
been shown that screening for HCC can significantly decrease 
disease-related mortality. 

The recommendations for the surveillance of cirrhotic 
patients are updated frequently: currently we suggest the carrying 
out of baseline ultrasound every three or six months. Such scans 
can detect several different conditions, such as HCC, regenera-
tive nodules, hemangioma and many other types of liver lesions. 

From the point of view of imaging, many of these condi-
tions can resemble each other. Differentiation of these various 
possibilities is based on the fact that when cirrhosis begins, the 

vascular blood supply to the liver changes. Normally 75-80% of 
the blood is provided via the portal vein, but in cirrhosis there is 
the development of  hyperarterialization of the liver parenchyma. 
In the majority of cases, the development of HCC is thought to 
occur in a multi-step progressive pathway in a sequence from a 
large regenerative nodule; low or high-grade dysplastic nodule; 
dysplastic nodule with a focus of HCC; well differentiated HCC; 
and finally moderately to poorly differentiated HCC. 

IMAGING ModALITIEs
Several imaging modalities are available for HCC [Figure 1], 
including CT; PET/CT;and MRI. CEUS has several advantages, 
including relative affordability of the equipment. The basic prin-
ciples of micro-bubble - enhanced US imaging have been well 
described in the literature [1]. As for the application of imaging 
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FigUre 1. There are several possible modalities for the imaging of HCC.
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techniques in HCC, there are currently many 
guidelines issued by professional bodies such 
as the American Association for the Study 
of Liver Diseases (AASLD); the European 
Association for the Study of the Liver (EASL); 
the Asian Pacific association for the Study 
of the Liver (APASL); the Japanese society 
of Hepatology (JSH); the Italian society for 
the study of the liver (AISF) and the World 
Federation for Ultrasound in Medicine 
and Biology (WFUMB) and the European 
Federation of Societies for Ultrasound in 
Medicine and Biology (EFUSMB). In addi-
tion, due to rapid development in the field, 
there are frequent updates to the guidelines 
and even — as we shall see later — occasions 
when guidelines should be updated but aren’t. 
The very number of such individual guide-
lines can be confusing, but a relatively recent 
paper from the WFUMB-EFSUMB includes 
inputs from the other professional bodies 
[2]. These guidelines underline the fact that 
CEUS is increasingly accepted for clinical 
diagnostic imaging in focal liver lesions 
(FLL). However the guidelines point out that 
CEUS cannot be used to detect — as opposed 
to characterizing — small HCC, since the 
CEUS identification of small HCC relies on 
detection of the hypervascularisation in the 
arterial vascular phase. This takes place too 
quickly and is too transient for the whole liver 
to be evaluated. Thus it is recommended that 
the detection of small HCC be first carried 
out using baseline ultrasound. 

chArAcTErIsATIoN of LIvEr NodULEs 
Once a lesion has been detected, its char-
acterization can be carried out by CEUS. 
For example the differentiation between 
malignant and benign liver lesions can be 
established from the characteristics of the 
wash-out phenomenon. In malignant lesions 
there is hypoenhancement in the late and 
postvascular phases whereas in the vast 
majority of benign liver lesions, sustained 
enhancement in the portal and late phase is 
typicall. Other features in chronic hepatitis 
-cirrhosis that can be diffentially character-
ised by CEUS include rgerenerative nodules, 
hemangiomas, cholangiocellular carcinoma 
(CCC) and focal nodular hyperplasia. 

cEUs ANd hEpATocArcIoNGENEsIs 
In principle CEUS can yield give important 
information regarding the progressive chang-

es that take place in intranodular hemody-
namics during the progression from benign 
lesion to malignancy by showing progressive 
neoangiogenesis and the reduction of the 
portal blood flow [Figure 2].  

 There are several key points for the use of 
CEUS in the characterisation of HCC

• in HCC, hyper-enhancement in the arte-
rial phase is usually homogeneous (but may 
be heterogeneous in larger nodules > 5 cm)

• The detection rates of hyperenhance-
ment can vary according to the size of the 
nodule e.g. 67% in lesions< 1.0 cm; 83 - 88% 
in lesions 1.1-2.0 cm and 92 - 100% in lesions 
between 2.1 and 3.0 cm. 

• Wash-out in the late phase is observed 
overall in about half of HCC cases but more 
rarely in small nodules. Wash-out tends to 
start later in HCC, usually not before 6o secs 
after the injection of the ultrasound contrast 
agent. It is thus important to keep observing 
nodules in cirrhosis until very late (> 4 min). 

• The sensitivity, specificity and PPV of 
CEUS in the diagnosis of HCC are 88.8%; 

89.2% and 91.3% respectively The diagnos-
tic performance of the technique is highly 
dependent on the nodule size. For example 
the sensitivity of the technique is 69-80% in 
nodules of 1.0-2.0 cm; 97% in nodules of 
2.1-3.0 cm and 100% in lesions of 3.1-5.0 cm. 

The   different levels of echoicity of HCC 
at various levels of tumor differentiation and 
phase of the blood flow are  shown in Table 1. 

It was on the basis of such characteristics 
that as early as 2005 the American Associa-
tion for the Study of Liver Diseases issued 
guidelines for the management of HCC, that 
contained recommendations for the use of 
CEUS as a possible imaging modality for the 
characterisation of HCC [4]. 

coNTrovErsY/dEBATE oN  
ThE UsE of cEUs IN hcc 
However later on a paper was published 
pointing out drawbacks to the use of CEUS. 
In a study whose aim was to describe the 
imaging features by CEUS of Intrahepatic 
peripheral Cholangiocarcinoma (ICC) in 
cirrhosis patients, Vilana et al. found that in 

TaBle 1. Degree of echoicity in cEUS in hcc. hypervascularity is associated with moderately differ-
entiated tumors more than with well differntiated or poorly differentiated tumors. There were signifi-
cant differences between the distribution of washout time categories and histologic differentiation 
categories. Table taken from [3]. imaging of HCC.

FigUre 2. cEUS patterns of hcc and schematic diagrams seen in a hcc lesion. left panel: 
hyperenhancing during arterial phase. centre panel:  Mild hypoechoic in portal phase. right 
panel: hypoechoic in late phase. 
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fact ICC was not be clearly distinguishable 
from HCC [5]. Following this observation, 
the AASLD guidelines were updated in 2011 
[6] to state that : 

• CEUS was no longer recommended for 
the characterisation of Focal Liver Lesions 
identified by ultrasound surveillance. 

• False positives for HCC in CEUS were 
described in patients with biopsy-proven ICC. 

The withdrawal of the recommendation 
of CEUS by the AASLD was generally not 
well received in Europe and Asia and soon 
some (mostly European) specialists in the 
field started to challenge the updated AASLD 
recommendations [7]. 

The counterarguments were based on 
the fact the “Hyper =→ Hypo Pattern” on 
CEUS was specific for malignancy and that 
any diagnosis of HCC by CEUS should only 
be questioned whenever the wash-out was 
atypical for HCC (i.e. very rapid or very 
marked) or the pattern on CT/MRI for stag-
ing was atypical. Other authors went on to 
point out that rejecting CEUS as a diagnos-
tic technique would lead to more biopsies 
whose accuracy is itself lower than that of 
the typical CEUS pattern. [8] 

Even more recently, a group of Chinese 
clinicians published the results of a study 
whose aim was to investigate if detailed 
analysis of temporal enhancement patterns 
on contrast enhanced ultrasound (CEUS) 
may help differentiate intrahepatic cholan-
giocarcinoma (ICC) from hepatocellular 
carcinoma (HCC) in cirrhosis. The study 
compared 33 ICC patients with 55 HCC 
patients and concluded that it was still pos-
sible to differentiate ICC from HCC 

Yet other studies, published earlier, had 
been carried out to compare the perfusion 
patterns of histologically proven cases of 
intrahepatic peripheral cholangiocarcinoma 
(IPCC) on contrast-enhanced ultrasound 
(CEUS) with dynamic computed tomogra-
phy (CT) [10]. It was found that enhance-
ment discrepancy between delayed-phase 
CEUS (hypoechogenicity) and CT (hyper-
density) was a common symptomalogical 
findings in the study of IPCC.

Further evidence in support of the use of 
CEUS was presented in a study whose aim 
was to determine the diagnostic accuracy of 
CEUS for diagnosis of small (≤ 2 cm in diam-
eter) HCC nodules through a meta-analy-
sis of published studies [11]. More than 15 
papers were studied, covering a total of more 
than 1000 HCC nodules that were evaluated. 
The authors concluded that the meta-analysis 
showed that CEUS was a useful diagnostic 

tool with high sensitivity and specificity for 
identifying small HCC. 

Yet another study set out to investi-
gate the clinical role of CEUS when com-
bined with contrast-enhanced computed 
tomography (CE-CT) or MRI to improve 
the preoperative staging of HCC and to 
guide surgical decision-making [12]. The 
authors found that CEUS combined with 
CT or MRI improves the accuracy of pre-
operative staging for HCC and may help to 
guide individualized treatment for patients 
with HCC. CEUS may also better iden-
tify non-malignant lesions in patients with 
small tumors and discover new malignant 
lesions in patients with large tumors. 

In addition, the development of modern 
technology, in particular the availability of 
powerful software packages for the analysis 
of CEUS data means that in practice maxi-
mum information can be easily extracted 
from CEUS images [Figure 3]. 

coNcLUsIoNs 
• CEUS is helpful in monitoring the pro-
gression of the vascular pattern of nodules 
encountered during screening and follow-up. 

• CE-MRI is however the most accurate 
imaging modality or “gold standard“ for the 
characterisation of small nodules in cirrhotic 
patients. 

• Thus CEUS should still be considered 
a useful non-invasive imaging modality so 
long as there are no atypical features pre-
sented on the images. 

• The Italian (AISF) and European 
(EFSUMB) professional bodies have not 
removed CEUS from their guidelines for 
diagnostic management of HCC. While 

CEUS alone is not recommended for staging, 
it is still recommended for evaluation prior 
to transarterial chemoembolization (TACE) 
or radiofrequency thermal ablation (RFTA) 
procedures. 

• There has been a lot of controversy 
regarding the role of CEUS for the diagno-
sis of HCC, so the technique is continually 
being evaluated. In particular, as has been 
shown by several recent studies quantita-
tive perfusion data,  approaches using such  
methodology and data are particularly  
promising.  
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FigUre 3. The development  of modern technology, in particular the availability of powerful software packages for 
the analysis of CEuS data  means that the maximum information can be easily extracted from CEuS examinations. 


