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Abstract
Development of liver tumors and their evolution to hepatocellular carcinoma (HCC) is a multi-step process in which dif-

ferent HCC-etiologies induce continuous rounds of hepatocyte damage and regeneration. Over an extended time, this triggers 
cirrhosis which is a pathological state of the liver in which lesions can progress to become dysplastic nodules. Later, these 
nodules may evolve into HCC and occasionally generate metastatic events. To provide optimal care, patients with liver can-
cer should be managed using a multidisciplinary approach in specialized centers in which all the diagnostic and therapeutic 
resources are available. Among the different imaging modalities the introduction on contrast agents for ultrasound use has 
opened new further applications in different clinical settings. In fact, contrast enhanced ultrasound (CEUS) has been applied 
for more than ten years and plays increasingly important roles in the management of HCC. Since early 2000, international soci-
eties including 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), the World Federation for Ultrasound in Medicine and Biology (WFUMB), 
and the European Federation of Societies for Ultrasound in Medicine and Biology (EFUSMB) have discussed the important 
role of CEUS in the diagnosis of HCC. In the present review an update of the literature and a detailed discussion of the present 
Guidelines regarding the role of CEUS in the evaluation of nodules in cirrhotic patients is offered.
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Liver cirrhosis is defined as the histological devel-
opment of regenerative nodules surrounded by fibrous 
bands in response to chronic liver injury such as alco-
hol, infections, autoimmune, vascular and metabolic dis-

eases, biliary obstruction, or cryptogenic forms. It is a 
pathological state of the liver in which regenerative nod-
ules can progress to become dysplastic nodules. Later, 
these nodules may evolve into hepatocellular carcinoma 
(HCC) and occasionally generate metastases [1]. 

HCC is the sixth most common malignant tumor in 
the world and the third cause of cancer-related death. In 
Western countries it arises in a cirrhotic liver in the large 
majority of cases (90%) although it may occur in some 
patients with chronic hepatitis B (HBV) or chronic hepa-
titis C (HCV) infection, non alcoholic fatty liver disease, 
or alcohol abuse. The risk of HCC is higher when the 
nodule size increases. Nodules < 1 cm are rarely ma-
lignant. In nodules > 1 cm the rate of HCC is 66%, in 
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 nodules 1-2 cm in diameter [2,3], about 80% in nodules 
2-3 cm, and 92%-95% in nodules > 3 cm [4]. To pro-
vide optimal care, patients with liver cancer should be 
managed using a multidisciplinary approach in special-
ized centers in which all the diagnostic and therapeutic 
resources are available. 

There is evidence that surveillance for HCC can de-
crease the disease-related mortality [5]. In the western 
world, surveillance is recommended for subjects at a high 
risk of developing HCC such as patients with cirrhosis 
and certain categories of patients with chronic hepatitis 
[6], while Japanese guidelines extended this recommen-
dation to all patients with chronic hepatitis [7]. 

Currently, ultrasonography (US) is the most widely 
used method for HCC surveillance [8]. According to a 
recent meta-analysis with 13 studies included by Singal 
et al [9], the pooled sensitivities and specificities for de-
tecting HCC at any stage were both 94%. The potential 
benefit of combining US with alfafetoprotein (AFP) for 
the detection of early stages HCC was also explored. The 
pooled sensitivities increased from 63% to 69%, but it 
was not statistically significant. For screening HCC in 
high-risk patients with viral-related cirrhosis or chronic 
alcoholic liver disease, US at 6-month intervals is recom-
mended by the 2010 American Association for the Study 
of Liver Diseases (AASLD) guidelines [10]. The Euro-
pean Association for the Study of the Liver (EASL) and 
the Asian Pacific association for the Study of the Liver 
(APASL) guidelines recommend surveillance with US, 
using an interval of 6 months. Moreover, APASL guide-
lines suggest combining US and AFP measurements 
[11,12]. 

Once a hepatic lesion is detected, it is crucial to char-
acterize it in order to confirm or rule out HCC or other 
malignancies. Although conventional grey scale US is 
sensitive enough for surveillance of the patients at risk 
of HCC, as reported above, it presents low accuracy for 
optimal characterization of focal liver lesions [13].

Although to date, several imaging modalities such 
as Computed Tomography (CT), Magnetic Resonance 
Imaging (MRI), PET-CT or positrone emission tomog-
raphy (PET)-MRI [13] and contrast enhanced ultrasound 
(CEUS) are available to evaluate these patients within 
the recall strategy, only CT and MRI are endorsed by in-
ternational Western guidelines [14].

The introduction of contrast agents for ultrasound use 
has opened further applications in different clinical set-
tings such as evaluation of lesions in cirrhotic patients. 
So far, several papers have been published about their 
role for optimal characterization of hepatic liver lesions 
as well as for cirrhotic patients. However, to decide about 
the prompt work-up, usually two possibilities may help 

us to standardize worldwide clinical practice: one is by 
evaluating data with multicenter studies on a large num-
ber of patients and the second is by applying internation-
al guidelines based on systematic literature review. Many 
international societies have discussed the important role 
of CEUS in the diagnosis of HCC, since mid 2000, such 
as the AASLD, EASL, APASL, the Japanese Society of 
Hepatology (JSH), the Italian Society for the Study of 
the Liver (AISF), the World Federation for Ultrasound 
in Medicine and Biology (WFUMB) and the European 
Federation of Societies for Ultrasound in Medicine and 
Biology (EFSUMB) [6,10-12,15,16].

When dealing with CEUS with purely blood pool 
contrast agents, such as sulfur hexafluoride, we have to 
take in account its peculiar feature: once injected, con-
trast agents remain confined within the blood territory, 
thus lacking the extravascular phase. CEUS can there-
fore depict macro- and microvascularization [17-19]. As 
a general statement, the occurence of hypoenhancement 
of solid liver lesions in the late and post-vascular phases 
signals malignancy with high accuracy in non cirrhotic 
livers. Conversely, sustained enhancement in the portal 
and late phases is typically observed in almost all solid 
benign liver lesions in this setting. However, when deal-
ing with lesions in cirrhosis such patterns are no more 
highly relevant, but rather the arterial phase becomes of 
greater significance. The primary feature to be searched 
in order to to characterize lesions in cirrhosis is the hy-
perenhancement in the arterial phase although the detec-
tion of subsequent hypoenhancement during portal or 
late phase is requested to definitively establish the diag-
nosis of HCC [15].

Hyperenhancement in the arterial phase is usually 
homogeneous and intense in HCC but it may be inhomo-
geneous, especially in larger nodules (>5 cm), because 
of areas of necrosis. The rates of arterial hyperenhance-
ment are variable, increasing with size: in lesions ≤ 2.0 
cm, and 3.0 cm are between 40-70% respectively [2,3]. 
Hypoenhancement in the late phase is observed overall in 
about half of the cases of HCC but more rarely in small 
nodules (20%-30% in those 1-2 cm) [3]. It tends to start 
later in HCC, usually not before 60 s after injection of 
the contrast agent and in about 25% of cases appears only 
after 180 s; therefore, it is important to prolong the obser-
vation of nodules in cirrhosis up to 4 minutes. By apply-
ing these features, several authors have shown that CEUS 
is an effective imaging modality to characterize liver le-
sions in cirrhosis. According to those results, AASLD in-
cluded CEUS in the practical guidelines of HCC manage-
ment in 2005 [10]. In details, they provided the following 
recommendations: nodules less than 1 cm should be fol-
lowed with US every 3-6 months until 2 years and when 
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no growth had been observed, routine surveillance may 
be advised; nodules between 1-2 cm found on US should 
be investigated further with two dynamic studies, either 
CT scan, CEUS, or MRI with contrast. If they show typi-
cal characteristics of HCC in two techniques the lesions 
should be treated as HCC, while in the doubtful case, the 
lesion should be biopsied If the nodule is larger than 2 
cm and has the typical features of HCC on a dynamic 
imaging technique or AFP is >200 ng/mL, a biopsy is not 
necessary. However, in a doubtful case or if the nodule is 
detected in a non cirrhotic liver, a biopsy is needed. If the 
biopsy is negative for HCC, patients should be followed 
by US or CT scanning at 3-6 monthly intervals until the 
nodule disappears, enlarges, or displays diagnostic char-
acteristics of HCC. 

However, a few years later, Vilana et al reported that 
intrahepatic cholangiocellular carcinoma (ICC) in cir-
rhotic liver may not be clearly distinguishable from HCC 
at CEUS [20]. A total of 21 patients were evaluated. The 
median nodule size was 32 mm. All nodules showed con-
trast enhancement in the arterial phase; in 10 cases it was 
homogeneous and in 11 cases peripheral (rim-like). All 
nodules displayed washout during the venous phases. In 
5 of the 11 nodules showing homogeenous arterial hyper-
enhancement, wash out had already taken place already 
during the portal phase and it appeared no earlier than in 
the late phase in the remaining 6 cases. These 10 nodules 
(five larger than 2 cm) displayed the pattern considered 
diagnostic for HCC, namely homogeneous contrast up-
take followed by washout according to the AASLD cri-
teria. However, none of these lesions displayed wash-out 
in the venous phase on MRI, leading therefore to a non 
diagnostic pattern at MRI and hence to biopsy. They con-
cluded that CEUS should not be used as the sole imag-
ing technique for conclusive HCC diagnosis and, if MRI 
does not confirm the diagnostic vascular pattern in the 
venous phase, a biopsy is recommended. Following this 
report, CEUS was dropped from the diagnostic tech-
niques in the latest AASLD Guidelines, as it may offer a 
false positive HCC diagnosis in patients with ICC [10], 
and also because CEUS for non-cardiac indications is not 
available in the USA, so CEUS liver scanning is not ap-
plicable for the North American population [21].

However, Barreiros et al also commented that CEUS 
may be important to identify arterial hypervascularity in 
presence of a typical pattern of HCC. Accordingly, the 
diagnosis of HCC should be questioned only when either 
the wash-out is atypical for HCC (very rapid and/or very 
marked) or the pattern at CT/MRI for staging is atypical. 
In fact, rejecting CEUS as a diagnostic technique would 
lead to more biopsies including the respective risk and 
less benefit. In addition, ICCs are relatively rare in cir-

rhotic livers (1-2% of all new nodules) and CEUS can 
even show differences in the vascularization patterns be-
tween HCC and ICC [22]. HCC shows an arterial global 
hyperenhancement and delayed contrast wash-out in the 
late phase. ICCs are characterized by an arterial contrast 
enhancement at the tumor periphery with early contrast 
wash-out of the vascularized parts of the lesions in the 
portal and late phases [23]. In addition, since the evalua-
tion of cirrhotic patients is performed by applying multi-
modality imaging strategy, CT and MRI have to be per-
formed. As reported by D’Onofrio et al, the behavior of 
ICC at CEUS is different from the one in CT. During the 
late phase, ICC appears hypervascular at CT, because of 
desmoplastic reaction due to fibrotic component, while 
at CEUS it appears hypovascular [22]. In these cases 
CEUS should not be used as the sole imaging technique 
for conclusive hepatocellular carcinoma diagnosis and 
if the MRI does not display the diagnostic vascular pat-
tern, a confirmatory biopsy is mandatory [20]. More re-
cently, de Sio et al enrolled 282 cirrhotic patients who 
underwent CEUS and subsequent biopsy with histologi-
cal evaluation as the gold standard for correct classifi-
cation of FLLs. They calculated the best ‘time to wash-
out’ cut-off values to characterize FLLs. Histological 
diagnosis of liver lesions was as follows: 34 benign and 
248 malignant lesions (223 well-to-moderately differen-
tiated HCCs; 7 poorly-differentiated HCCs; 5 ICCs; 5 
primary non-Hodgkin B-cell lymphomas (NHBLs); and 
8 metastatic liver tumors). A wash-out time >55s identi-
fied patients with HCC with the highest level of accu-
racy (92.7%). Similarly, a wash-out time ≤55s correctly 
identified the vast majority of the non-HCC malignancies 
(100% sensitivity, 98.2% specificity and diagnostic accu-
racy of 98.3%). They concluded that CEUS is an accurate 
and safe procedure for discriminating FLLs in cirrhotic 
patients, especially when a cut-off wash-out time of 55s 
is chosen as a reference value. Very similar timing for the 
occurrence of wash-out in ICC (median time around 50 
secs) were reported also by another recent Chinese study, 
which addressed the issue of ICC in cirrhosis [24]. 

Sporea et al reported their experience based on a 
total number of 356 cases in which CEUS had 85.7% 
sensitivity, 85.9% specificity, 91.6% positive predictive 
value, 77.1% negative predictive value, and 85.8% ac-
curacy for differentiation between malignant and benign 
liver lesions. In particular, they showed that the major-
ity of HCC presented wash-in and later wash-out, while 
ICC peripheral wash-in and earlier washout. The CEUS 
accuracy for differentiation between malignant and be-
nign liver lesions was similar in tumors ≤2cm and those 
>2cm. In this study the reference methods were CT, 
MRI, or biopsy. These results were in concordance with 
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the DEGUM and STIC studies [25]. However, more re-
cently other international guidelines have been published 
such as WFUMB-EFSUMB and AISF, especially the 
former includes input from the other professional bod-
ies [15]. These guidelines underline the fact that CEUS 
is increasingly accepted for clinical diagnostic imag-
ing in focal liver lesions in cirrhosis (FLLs) playing an 
important role for characterization and post-ablation 
evaluation. In fact, several studies demonstrated a high 
sensitivity and specificity in the evaluation of ablation 
treatments of liver tumors [26,27]. The guidelines point 
out that CEUS cannot be used to detect – as opposed to 
characterize – small HCC, since the CEUS identification 
of small HCC relies on the detection of the hypervascu-
larisation in the arterial vascular phase which is too fast 
and too transient for the evaluation of the whole liver in 
the very short arterial enhancement phase. It is recom-
mended that the detection of small HCC must be first car-
ried out using baseline US. These respected guidelines 
are held in high esteem by many experts who describe in 
detail the presentation of HCC at CEUS in non-cirrhotic 
and cirrhotic liver and in variable clinical settings. They 
report “that CEUS is extremely useful, especially when 
performed immediately after nodule detection, to make a 
rapid diagnosis. However, CT or MRI are needed (unless 
contraindicated) to stage the disease before the treatment 
strategy is decided”. In 2012 an expert panel nominat-
ed by the Italian Association for the Study of the Liver 
(AISF) issued guidelines for a multidisciplinary clinical 
approach to HCC, with the scope of developing practical 
recommendations on the multidisciplinary management 
for the diagnosis of HCC, providing the most appropriate 
way to define the staging and treatment according to the 
patient’s status and tumor stage at diagnosis. They pro-
vided recommendations for an effective diagnostic and 
staging work-up, followed by recommendations for the 
best patient-tailored treatment choice. The AISF Expert 
Panel is based on the 2010 updated AASLD guidelines 
for HCC. The AISF guidelines state that patients at risk 
of HCC development should be enrolled in surveillance 
programs that in most cases consist of bi-annual liver ul-
trasound. In other cases, i.e. in the presence of conditions 
clearly limiting the accuracy of ultrasound, CT or MRI 
may be proposed as a supplementary imaging technique.

CEUS is discussed for the recall and characterization 
of a focal liver lesion detected at US surveillance. The 
recall strategy for lesions ≥1 cm is based on contrast-en-
hanced imaging techniques with the use of vascular con-
trast media. However, more emphasis was put on either 
CT or MRI. The recommendations state that “the lesion 
should be assessed prior to and after contrast injection in 
the arterial, portal and venous phases (dynamic contrast 

imaging) at either CT or MRI”. Diagnosis depends on the 
vascular pattern of the lesion during contrast media injec-
tion in the arterial, portal and venous phases and CEUS 
is a reliable technique to detect tumor vascularity. The 
recommendations continue with considerations on the 
use of CEUS. In the updated AASLD algorithm, CEUS 
is not included among the imaging techniques for the di-
agnosis of HCC in a lesion detected during surveillance 
as it was in the past [16,28]. However, the AISF experts 
recognize the validity of CEUS since scientific evidence 
of a number of studies shows that a CEUS wash-in and 
wash-out pattern typical for HCC has a positive predic-
tive value >95% [16,30]. AISF experts discuss evidence 
in the right perspective and they report that ICC accounts 
for only 1–2% of all new nodules detected in a cirrhotic 
liver [3,29] and, among them, only half show the typical 
HCC pattern at CEUS [28]. Conversely, the AISF expert 
panel considers the available scientific evidence as insuf-
ficient to remove CEUS from the diagnostic tools since a 
CEUS pattern typical for HCC has a high positive predic-
tive value. The wash-in/wash-out pattern at CEUS of a 
nodule in cirrhosis should be considered specific for ma-
lignancy and, unless discordant findings with MRI or CT 
are obtained, it should be considered suggestive of HCC, 
without the need for biopsy. However, due to the need for 
CT or MRI for tumor staging, the use of CEUS as a first 
line approach, despite being possible, is not considered 
the most cost-effective imaging modality [20]. However, 
MRI is the gold standard for the characterization of small 
nodules in cirrhotic liver. The AISF and EFSUMB pro-
fessional guidelines have not removed CEUS from the 
management of HCC. While CEUS alone is not recom-
mended for staging, it is still recommended for the evalu-
ation prior to trans-arterial chemoembolization (TACE) 
or ablation procedures. 

Alaboudy et al [30] reported that CEUS combined 
with CT or MRI improved the sensitivity and specificity 
of HCC diagnosis.Few articles have focused on the role 
of preoperative CEUS combined with CE-CT or MRI for 
staging of HCC in surgical patients, in surgical decision-
making, or on the correlation between CEUS and intraop-
erative ultrasound. Even more recently, Zhang et al, evalu-
ated the clinical role of CEUS combined with CE-CT or 
MRI with the aim to improve the preoperative staging of 
HCC. Sixty-nine patients who underwent liver resection 
for HCC were prospectively submitted to CEUS and CE-
CT/MRI before surgery and then to intraoperative ultra-
sound (IOUS). One hundred and twenty-seven nodules, 
comprising 94 HCCs confirmed by histopathology and 33 
benign lesions confirmed by histopathology and follow-
up, were identified. The overall diagnostic sensitivity 
rates of CE-CT/MRI, CEUS, IOUS and CEUS + CE-CT/
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and the technique is continually being evaluated. In our 
opinion, the role of CEUS in HCC management will be 
re-considered as technology (e.g. quantitative perfusion) 
continues to evolve and as its use spreads not only among 
expert operators and referral centers but also among eve-
ryday ultrasound personnel involved in HCC surveil-
lance [34]. 
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