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SUMMARY Contrast-enhanced ultrasound (CEUS) is a sure, noninvasive, repeatable imaging 

technique widely used in the characterization of benign and malignant liver lesions. The 

European Federation of Societies for Ultrasound in Medicine and Biology guidelines suggest the 

typical CEUS features of liver lesions as criteria for the noninvasive diagnosis in cirrhotic and not-

cirrhotic patients. The clinical application of CEUS in the liver study is summarized in this review; 

the contrast-enhanced patterns of the most frequent liver lesions are described (hepatocellular 

and cholangiocellular carcinoma, liver metastases, hemangioma, focal nodular hyperplasia, 

adenoma). The role of this imaging technique in the diagnostic algorithm of liver malignancy is 

illustrated and the CEUS application in hepatologic and oncological settings is depicted.
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Background

Ultrasound (US) is the most commonly used imaging technique worldwide to detect focal lesions in 
the liver. The introduction of microbubbles contrast agents and the development of new advanced 
contrast-specific equipments have opened new opportunities in the noninvasive characterization of 
liver lesions. Contrast-enhanced US (CEUS) is able to assess the contrast enhancement pattern of liver 
lesions in real time; contrast agents are safe and repeatable, with very low incidence of side effects [1–5].

The published data reported in literature confirm the absence of cardiotoxic, hepatotoxic or 
nephrotoxic effects related to the use of US contrast agents [1,2]. In a series of more than 23,000 

Practice Points

 ●  Contrast-enhanced ultrasound (CEUS) is a contrast-enhanced technology widely used in abdominal 

imaging, in particular in the characterization of focal lesions in the liver.

 ●   CEUS contrast agents o�er information about vascular enhancement pattern of liver lesions 

(Sonovue) and post-vascular enhancement pattern in Kuppfer phase (Sonazoid) in order to obtain a 

non invasive diagnosis of nodules.

 ●  The European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) guidelines 

describe the typical and additional enhancement pattern of benign focal liver lesions at CEUS.

 ●  The EFSUMB guidelines suggest typical diagnostic noninvasive criteria for the most frequent 

malignant lesions: hepatocellular carcinoma (HCC), intrahepatic cholangiocellular carcinoma (CCC) 

and metastatic liver lesions. Moreover, these guidelines report some additional atypical enhancement 

patterns for these malignant liver lesions.

 ●  CEUS is included in the diagnostic algorithm for the management of hepatocellular carcinoma in 

cirrhosis in Japanese guidelines (Sonazoid) and in the recently published Italian Association for the 

Study of the Liver position paper (Sonovue); CEUS was excluded by American Association for the Study 

of Liver Disease guidelines for the risk of misdiagnosis between HCC and CCC.

 ●  The problems of misdiagnosis of HCC/CCC, the diagnosis of small liver lesions and hypovascular HCC 

remain an open issue for clinicians.
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CEUS abdominal examinations with Sonovue, 
life-threatening anaphylactoid reactions were 
described in 0.001% of patients, without deaths. 
Slight adverse reactions were reported in 23 
patients itch, dizziness, paresthesias, nausea and 
vomiting, erythematosus rash, slight dyspnea or 
heat sensation [3]. A multicentric study was per-
formed in more than 78,000 CEUS examinations 
with Definity or Optison; severe reactions were 
described in eight patients (0.01%), with four ana-
phylactoid reactions without deaths [4]. Deaths in 
critically ill patients were reported after echocardi-
ography examinations, but without sure evidence 
of causal relationship [5]. The interaction between 
US and contrast agents could produce bioeffects. 
In vitro sonoporation, hemolysis and cell death 
are described, but nonclinical evidence for bio-
effects are reported in the human liver, where 
CEUS examination is performed at low mechani-
cal index [6]. In a recent review by the Society 
for Pediatric Radiology and the International 
Contrast Ultrasound Society the safety of CEUS 
in children was analyzed for non-cardiac applica-
tions. The existing data on CEUS contrast agent 
safety in children are encouraging in promot-
ing the use of this imaging technique in clinical 
practice [7]. The low risk for side effects of CEUS 
contrast agents, compared to the iodinated con-
trast agents used for computed tomography (CT), 
represents a strength of this imaging technique in 
clinical practice, in adults and children.

CEUS is widely used in the characterization of 
focal liver lesions but some limitations are known. 
The low diagnostic ability of CEUS in small size 
nodules (diameter <1 cm) represents a limita-
tion in the correct evaluation and staging of liver 
tumor. The diagnostic ability in small nodules is 
problematic even in CT and magnetic resonance 
(MR). Some studies show that the sensitivity of 
CT and MR is significantly reduced in nodules 
with diameter less than 10 mm [8–10]. Moreover, 
the position of nodules in the liver (subdiaphrag-
matic lesions) and the characteristics of the sur-
rounding liver parenchyma (liver steatosis) could 
represent a restriction in the use of CEUS in the 
diagnostic approach to liver lesions.

In clinical practice, clinicians could analyze 
the enhanced pattern of liver lesions with CEUS 
in different groups of patients.

●● Detection of focal liver lesions with US in 

healthy subjects

US examination could show a focal liver 
lesion in asymptomatic healthy patients; these 

fortuitously detected lesions in subjects with-
out previous history of cancer or chronic liver 
disease are prevalently benign liver lesions [11–13]. 
Malignant lesion could be identified even in a 
healthy liver, in particular metastatic disease in 
patients with unknown tumor, hepatocellular 
carcinoma (HCC) or cholangiocellular 
carcinoma (CCC).

Celli et al. report the CEUS pattern of 171 
liver nodules detected in 125 non-cirrhotic 
patients. Of these, 87 were liver metastases of 
different primary tumors; out of the remaining 
38 lesions, seven (7/38; 18.4%) were identified 
as primary liver cancer (one HCC and six CCC) 
in patients without any previous history of liver 
diseases, compared with 66 diagnosed with 
HCC out of the 75 nodules (88%) detected in 
cirrhotic patients [14]. In a recent publication, 
Sporea et al. describe the CEUS patterns of 536 
de novo focal liver lesions detected on B-mode 
US in 525 consecutive patients. The indication 
on performing CEUS was 237 (44.2%) inci-
dental finding in subjects without liver pathol-
ogy, 207 (38.6%) focal liver lesions in chronic 
liver disease including cirrhosis, and 86 (16.1%) 
lesions in patients with oncologic history; in 
a few cases (1.1%) CEUS was performed in 
patients with inconclusive results of CT and/or 
MR [15]. CEUS could represent an efficient tool 
in the diagnostic framework and management 
of incidental liver lesions.

●● Detection of focal liver lesion with US in 

cirrhotic patients or patients with a history 

of chronic liver disease

In this group of patients with a history of chronic 
liver disease (viral hepatitis, autoimmune liver 
diseases, liver damage relate to alcohol intake 
etc.), at risk for development of HCC and CCC, 
CEUS represents a sure and accurate imaging 
technique, recommended in the characterization 
and follow-up of malignant liver nodules.

In the setting of focal lesion in cirrhotic 
patients, US was firstly included in the guide-
lines for the management of HCC in cirrhosis, 
published by the European Association for the 
Study of the Liver [16]. The noninvasive criteria 
for the diagnosis of HCC were firstly introduced 
and accepted in these guidelines. The typical 
HCC vascular pattern was considered arterial 
hyper-enhancement at CT, MR, Doppler US 
or angiography in nodules larger than 2 cm. 
International guidelines were updated in 2005 by 
the American Association for the Study of Liver 
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Disease (AASLD) and for the first time CEUS 
was introduced in the diagnostic algorithm of 
liver nodules in cirrhosis. The presence of arte-
rial hyper-enhancement was considered typical 
for HCC only if followed by hypo-enhancement 
(washout) in late phase [17]. In the 2010 update of 
AASLD guidelines for the management of HCC, 
CEUS was excluded due to unavailability of the 
contrast agent in the USA and because of some 
false-positive results described in the literature for 
CEUS, particularly in the differential diagnosis 
between HCC and CCC [18].

In the recent position paper of the Italian 
Association for the Study of the Liver (AISF) 
for the multidisciplinary clinical approach to 
HCC, the typical vascular pattern for the non-
invasive diagnosis of HCC was the presence of 
homogeneous hyper-enhancement in arterial 
phase with subsequent hypo-enhancement in 
late phases in dynamic imaging techniques, 
including CT, MR and CEUS [19]. The pres-
ence of overall arterial enhancement of lesion 
followed by rapid and marked washout in CEUS 
was suggested as not entirely typical for HCC 
but suspicious of non-hepatocellular malignancy 
(e.g., intrahepatic CCC) [19].

The differential diagnosis between HCC 
and intrahepatic CCC with dynamic imaging 
techniques represents an open issue for hepa-
tologists and radiologists. Few studies have 
recently described the enhancement pattern of 
intrahepatic CCC in CEUS and the related risk 
of misdiagnosis [20–22]. Galassi et al. report that 
CEUS misdiagnoses as HCC a significantly 
higher number of intrahepatic CCCs in cirrho-
sis than does CT and MR; however, out of the 
ten CCCs studied with the three imaging tech-
niques (CEUS, CT & MR), the vascular pattern 
was different in each of these techniques in 60% 
of patients [20].

●● Detection of focal liver lesions with US in 

patients with previous history of tumor

The liver is one of the organs most frequently 
affected by metastatic disease [23,24]. In patients 
with previous history of cancer, the prob-
ability of liver metastasis is higher than in the 
general population. However, even in patients 
with known malignancy, small nodules could 
be benign. Cysts, hemangioma, focal nodular 
hyperplasia (FNH) and adenoma are described 
with the same frequency in metastatic liver as in 
healthy liver; the differential diagnosis is manda-
tory in the staging of these patients [25]. CEUS 

represents a sure, noninvasive and accurate 
technique in the management and follow up 
of oncological patients. Hepatic metastases are 
characterized by different patterns according 
to the histopathological origin of the primitive 
tumor; in arterial phase, metastases could appear 
hyper- or hypo-enhanced, but in the late phases 
the enhancement quickly decreases with com-
plete final hypo-enhancement. In the late phase, 
even very small metastases, occult on B-mode, 
could be detected for the appearance of typi-
cal ‘black focus’ against the normally enhanced 
background liver parenchyma [25,26].

In clinical practice, CEUS could be used not 
only for qualitative diagnosis of liver tumors, but 
even for additional applications such as:

 ● To improve the detection of primary and 
metastatic liver tumors in the intraoperative 
setting [27–29];

 ● To facilitate radiofrequency ablation electrode 
placement in hypervascular HCC poorly 
depicted by B-mode US [27];

 ● To evaluate the response to percutaneous 
treatments (radiofrequency ablation or ethanol 
injection);

 ● To experimentally evaluate the early response 
for chemotherapeutic agents such as Sorafenib, 
which exhibits anti-neoplastic effect primarily 
by inhibiting angiogenesis [30].

Contrast agent characteristics & CEUS 

technique

The CEUS examination is based on the use of 
different contrast agents, consisting of micro-
bubbles. These are thin-shelled, encapsulated 
spheres, made of phospholipids, containing 
different compressible gas. First generation 
contrast agents consist of air microbubbles 
(Levovist, Schering, Berlin, Germany); sec-
ond generation contrast agents are charac-
terized by microbubbles including different 
gases, sulfur hexafluoride in SonoVue (Bracco, 
Milan, Italy) and perfluorobutane in Sonazoid 
(Daiichi-Sankyo, GE Tokio, Japan) [27]. The 
water solubility of these gases is lower than air, 
with consequent increased acoustic impedance 
of contrast agent compared with the surround-
ing tissues. Microbubbles oscillate on applying 
US waves, producing strong return signals and 
suppressing the background echogenicity.

Using f irst generation contrast agents 
(Levovist), the goal of improving US images of 
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focal liver lesions was initially pursued by the 
scan of tissue with high mechanical index and 
production of signal by collapse of microbub-
bles. The destructive method produces transient 
display of contrast; moreover, due to intermit-
tent scanning, series sweeps are required to cover 
the whole parenchyma. The second generation 
contrast agents (Sonovue, Sonazoid, Definity) 
require a lower, nondestructive mechanical 
index, due to higher harmonic emission capabili-
ties. The continuous real-time imaging obtained 
with these agents has improved the detection 
and the characterization of focal liver lesions.

The CEUS examination of liver lesions using 
the vascular contrast agents consists of a real 
time study of three different phases after con-
trast injection: arterial phase (start 10–20 s, end 
35–45 s after contrast injection), portal-venous 
phase (start 30–45 s, end 120 s after contrast 
injection), and late phase (start >120 s after 
contrast injection, end complete bubbles disap-
pearance, approximately 4–6 min) [26]. These 
phases are related to the specific dual blood 
liver supply; the changing of blood supply in 
malignant lesions leads to a typical diagnostic 
vascular pattern of liver tumor.

Furthermore, liver lesions could be analyzed 
in a delayed additional postvascular phase 
more than 10 min after injection of Sonazoid. 
Similarly to superparamagnetic iron oxide 
MR contrast agent (SPIO-MR), Sonazoid 
is taken up by reticuloendothelial cells, in 
particular Kupffer cells [31,32]. The Sonazoid 
microbubbles could even be detected within 
cells. The absence of Kupffer cells, typical of 
malignant hepatic lesions, causes a defect in 
contrast uptake in the postvascular phase after 
Sonazoid injection. A lesion characterized by 
contrast defect in the postvascular phase in a 
cirrhotic patient should be regarded as highly 
suggestive of malignancy. The complete study 
of vascular phases at CEUS is mandatory for 
hypo-enhancing nodules detected in the post-
vascular phase in order to confirm the diagnos-
tic suspicion of malignancy. Postvascular phase 
alone is not sufficient to characterize nodules 
in cirrhosis.

The Sonovue is an intravascular agent, able to 
identify vascularization patterns of liver lesions 
in different phases (arterial, portal and late), with 
low extravascular distribution and irrelevant 
phagocytosis by the Kupffer cells [33,34].

The Sonazoid vascular contrast agent is 
also characterized by retention within hepatic 

reticuloendothelial cells for about 10–30 min 
after contrast injection; one of the possible 
mechanisms of delayed liver-specific image 
could be considered the phagocytosis of micro-
bubbles by Kupffer cells [31]. The CEUS paren-
chyma-specific phase adds diagnostic “tissue 
characterization”, comparable to MR with 
hepatobiliary contrast agent [26].

Guidelines for the use of contrast-

enhanced US in focal liver lesions

The European Federation of Societies 
for Ultrasound in Medicine and Biology 
(EFSUMB) and the World Federation of 
Ultrasound in Medicine and Biology have pro-
posed guidelines for the use of CEUS in clini-
cal practice for the study of the liver. These 
guidelines were firstly published in 2008 and 
were updated in 2012 [26,35]. According to 
these guidelines, CEUS is considered a sure 
and accurate imaging technique to characterize 
focal liver lesions; based on clinical experiences 
of expert centers and evidence-based medicine, 
the guidelines offer a guide for clinicians to 
perform and explain CEUS images in the diag-
nosis and follow-up of focal liver lesions.The 
guidelines identify the typical vascular pattern 
of liver lesions in different vascular phases and 
show possible atypical CEUS features of the 
same liver lesions.

The characteristics, the time and the intensity 
of enhancement are described for any benign 
and malignant liver lesions. In this review we 
analyze the most frequent benign liver lesions – 
hemangioma, FNH and adenoma, and the most 
frequent malignant lesions – HCC, intrahepatic 
CCC and liver metastases.

Moreover, guidelines underline the difference 
between liver lesions detected in cirrhotic and 
non-cirrhotic liver. The most important patterns 
of appearance of liver malignant nodules with 
Sonovue and Sonazoid CEUS are summarized 
in Table 1.

Non-malignant liver lesions
●● Hemangioma

The typical appearance of hemangioma with 
CEUS is characterized by peripheral nodular 
enhancement in arterial phase, progressing in 
a centripetal direction followed by complete 
or partial fill in the portal phase and complete 
enhancement in late phase. Small hemangio-
mas show complete rapid hyper-enhancement 
in arterial phase; sometimes, hemangiomas 
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with thrombosed areas can be characterized by 
non-enhanced portions in late phase [26]. An 
example of CEUS vascular pattern of hemangi-
oma using Sonovue is illustrated in Figure 1. The 
pattern of hemangioma in liver cirrhosis in the 
postvascular phase using Sonazoid is described 
as a non-enhancing area.

●● Focal nodular hyperplasia

The diagnosis of FNH is strongly suspected 
when the typical spoke-wheel vascular pattern 
is detectable at color-Doppler examination [26]. 
The typical CEUS pattern is characterized by 
early arterial hyper-enhancement with rapid fill-
in from the center outwards. In portal phase, the 
typical FNH remains hyper-enhancing; in late 
phase it may remain hyper-enhancing or become 
iso-enhancing. A central scar may be identified 

as a hypo-enhancing area in the portal and/or 
late phase [26]. Figure 2 shows a typical FNH.

●● Hepatocellular adenoma

The CEUS pattern of adenoma is characterized 
by initial peripherical hyper-enhancement in 
arterial phase with subsequent rapid centrip-
etal filling; in portal and late phase the lesion 
is iso-enhancing. Non-enhanced regions may 
appear in all phases and slightly hypo-enhance-
ment could characterize the late phase. Figure 3 
describes the CEUS pattern of hepatocellular 
adenoma.

Malignant liver lesions
●● Hepatocellular carcinoma

HCC is the most frequent tumor of the liver and 
occurs prevalently in patients affected by liver 

Table 1. Vascularization enhancement patterns and postvascular Sonazoid patterns of malignant lesions in cirrhotic and 

non-cirrhotic liver. 

  Features Arterial phase Portal-venous phase Delayed phase Post-vascular phase

HCC in cirrhosis CEUS typical Hyper-enhancement 

(complete)

Iso-enhancement, non-

enhancement (regions)

Hypo-enhancement  –

  CEUS additional Basket pattern, 

caotic vessels, hypo-, 

non-enhancement, 

enhancement tumor 

thrombus

non-enhancement Iso-enhancement, 

non-enhancement

 –

  Sonazoid – – – Non-enhancement or 

hypo-enhancement, iso-

enhancement (in well 

di�erentiated HCC)

HCC not in 

cirrhosis

CEUS typical Hyper-enhancement Hypo-, non-

enhancement

Hypo-, non-

enhancement

– 

  CEUS additional Non-enhancement 

(regions)

Non-enhancement 

(regions)

Non-enhancement 

(regions)

– 

CCC CEUS typical Rim enhancement Hypo-, non-

enhancement

Hypo-, non-

enhancement

– 

  CEUS additional Non-enhancement – – – 

  Sonazoid – – – Non-enhancement or 

hypo-enhancement 

(pattern described in 

cirrhosis)

Metastasis CEUS typical Rim enhancement Hypo-enhancement Hypo-, non-

enhancement

– 

  CEUS additional Complete 

enhancement, hyper-

enhancement, non-

enhancement regions

Non-enhancement 

(regions)

non-enhancement 

(regions)

– 

  Sonazoid – – –  Non-enhancement or 

hypo-enhancement

The CEUS typical and additional patterns are described for HCC, CCC and liver metastasis. The post-vascular patterns (Sonazoid patterns) are described in HCC and CCC in cirrhosis 
and in liver metastases. 
CCC: Cholangiocellular carcinoma; CEUS: Contrast-enhanced ultrasound; HCC: Hepatocellular carcinoma.
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Figure 1. Contrast-enhanced ultrasound in di�erent vascular phases of hemangioma detected 

in a patient without liver disease. (A) Peripheral nodular enhancement in arterial phase; 

(B) progressive centripetal enhancement; (C) complete enhancement in portal-venous phase; and 

(D) complete enhancement in late phase.

A B C D

Figure 2. Contrast-enhanced ultrasound in di�erent vascular phases of focal nodular hyperplasia 

characterized by typical vascular pattern. (A) Central arterial hyper-enhancement; (B & C) rapid 

�ll-in from the center outwards; and (D) iso-enhancement in late phase.
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cirrhosis or chronic liver diseases (viral hepatitis, 
alcohol intake, autoimmune liver diseases, etc.) 
[36]. According to guidelines for the management 
of HCC in liver cirrhosis, the diagnosis of HCC 
could be made according to noninvasive criteria 
if the appearance of lesions at contrast-enhanced 
imaging techniques is characterized by hyper-
enhancement in arterial phase followed by wash-
out in late phase. The diagnostic algorithm is dif-
ferent in each guideline (AASLD, AISF, Japanese 
guidelines); CEUS is included in the recom-
mended imaging techniques in the Japanese 
guidelines for the characterization of hypovas-
cular HCC (Sonazoid) and in the AISF position 
paper as an adjunctive radiological technique if 
performed by expert operators [17–19,37].

EFSUMB recommendations report the 
vascular pattern characterized by arterial 
hyper-enhancement followed by washout in 
the late phase as typical of HCC in cirrhosis. 

Contrast washout may lead to moderate–late 
hypo-enhancing, which should be regarded 
as a confirmatory feature of HCC, or to slight 
hypo-enhancement compared to the surround-
ing parenchyma, which is consistent, but not as 
specific as washout for HCC [26]. It is reported 
that small nodules (diameter between 10 and 
30 mm) detected in cirrhosis are characterized 
by arterial hyper-enhancement followed by com-
plete washout in about 42% of nodules with a 
final diagnosis of HCC; hyper-vascularization 
in arterial phase followed by iso-enhancement 
in late phase was described in 36.2% of finally 
confirmed HCC [38,39]. The sensitivity and the 
specificity of CEUS in the diagnosis of HCC 
were respectively 41 and 96% in this experience, 
considering the typical vascular pattern; the sen-
sitivity and specificity results were respectively 
77 and 79%, considering the complete washout 
(hypo-enhancement) and iso-enhancement after 
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Figure 3. Contrast enhanced ultrasound images of hepatocellular adenoma. The �nal diagnosis 

was con�rmed after liver resection and pathological examination of focal liver lesion. (A) Peripherical 

arterial hyper-enhancement; (B & C) rapid centripetal �ll-in; and (D) iso-enhancement in late phase.
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arterial hyper-vascularization as a diagnostic pat-
tern [39]. Forner et al. demonstrated a sensitivity 
and specificity of 51.7 and 93.1% of CEUS in 
the detection of conclusive typical HCC pat-
tern [40]. The results of the multicenter study 
recently published by Sporea et al., show an 
overall sensitivity and specificity of CEUS in 
the diagnosis of HCC respectively of 70.3 and 
85.9% [15]. In Table 2 an overview of the results 
of different studies is reported in order to sum-
marize the diagnostic ability of CEUS compared 
to other contrast-enhanced imaging techniques 
in diagnosis of HCC in cirrhosis [41–44].

The published data confirm that more than 
97% of liver nodules characterized by typical 
vascular pattern at CEUS have a final diagnosis 
of HCC [21,45,46]. The most relevant challenge 
for clinicians remains the differential diagnosis 
between HCC and other liver malignancies such 
as intrahepatic CCC [20,21,47]. The diagnostic 
limitations of CEUS, as with other imaging 
techniques, are mostly related to the size of 
nodules. The early diagnosis of malignancy is 
crucial for curative treatments and best prognosis; 
noninvasive diagnosis is difficult in small lesions. 
When imaging techniques are not sufficiently 
conclusive to make final diagnosis, liver biopsy 
is mandatory.

Sonazoid could add some adjunctive diag-
nostic information, similarly to MR with 
hepato-specific contrast agents. The absence of 
Kupffer cells in malignant lesions creates a defect 
in contrast uptake in the delayed phase, after the 
late vascular phase.

Sonazoid, as MR, should offer a new diagnos-
tic opportunity in hypovascular HCC, the small 
group of nodules with final diagnosis of HCC 
not characterized by typical vascular features; in 
particular, not characterized by hyper-enhance-
ment in arterial phase. In these HCCs, when 
vascular pattern is not diagnostic at CT, CEUS 
and MR performed with vascular contrast 
agents, Sonazoid or MR with hepato-specific 
contrast agent could offer cellular information, 
unrelated to vascular pattern, to improve the 
noninvasive diagnosis.

Additional features are described in the 
guidelines; the most frequent vascular patterns 
of HCC with CEUS and the Sonazoid pattern 
are summarized in Table 1. Images of HCC 
vascular patterns with CEUS performed with 
Sonovue are illustrated in Figure 4.

●● Intrahepatic cholangiocellular carcinoma

Intrahepatic CCC is the second-most-common 
primary liver tumor in cirrhotic patients after 

Table 2. Comparison between sensitivity and speci�city of contrast-enhanced ultrasound, computed tomography and magnetic 

resonance in the characterization and �nal diagnosis of hepatocellular carcinoma in cirrhosis.

Study (year)  Number of 

nodules

Mean/median 

diameter (cm)

Sensitivity (%)  Speci�city (%) Ref. 

CEUS CT MR  CEUS CT MR

Sangiovanni et al. (2010) 67 1.6 26 44 44 100 100 100 [41]

Di Martino et al. (2013) 163 2.3 71 71 71 62 87 87 [42]

Mita  et al. (2010) 34  1.27 67.6 52.9 76.5 – – – [43]

Leoni et al. (2010) 75 1.8 67.2 93.6 74.5 90 95 95 [44]

Number of nodules included in the study, mean or median diameter, sensitivity and specificity values are reported, where available. 
CEUS: Contrast-enhanced ultrasound; CT: Computed tomography; MR: Magnetic resonance.
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Figure 4. Contrast-enhanced ultrasound images of nodules with �nal diagnosis of hepatocellular 

carcinoma. A typical vascular pattern of hepatocellular carcinoma (A, B-mode) at contrast-enhanced 

ultrasound is characterized by hyper-enhancement in arterial phase (B) and wash out at hypo- 

enhancement in late phase (2 min) (C). An atypical vascular pattern of hepatocellular carcinoma (D, 

B-mode) at contrast-enhanced ultrasound could be characterized by iso-enhancement in arterial phase 

(E) followed by iso-enhancement in late phase (absence of washout) (F). 
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HCC, accounting for 1–2% of all new nodules 
in cirrhosis [47]. In patients without liver cirrho-
sis, the detection of intrahepatic CCC usually 
occurs in advanced stage; the injection of vascu-
lar contrast agent shows, with CEUS, different 
enhancement patterns in arterial phase. The most 
frequent arterial patterns include peripheral rim-
like hyper-enhancement, heterogeneous hyper-
enhancement, homogeneous hyper-enhancement 
and heterogeneous hypo-enhancement [47]. All 
lesions usually show hypo-enhancement in por-
tal and late phase. The EFSUMB recommenda-
tions for the use of CEUS in the liver suggest 
that the typical enhanced pattern for CCC in 
the healthy liver could be considered the presence 
of a rim-like arterial enhancement followed by 
hypo-/non-enhancement during the portal and 
delayed phases. In non-cirrhotic patients, large 
intrahepatic CCCs frequently develop a central 
fibrotic area, justifying the peripheral rim-like 
arterial contrast uptake [48,49].

In cirrhotic patients, who undergo surveil-
lance for HCC by US every 6 months, CCC is 
frequently detected at an earlier stage; tumor size 
is normally smaller and necrotic areas are infre-
quent. Guidelines summarize the enhancement 
patterns and report some additional atypical 
CEUS features of malignant liver lesions.

Recently Galassi et al. showed that differing 
CEUS vascular pattern can be used to raise the 
suspicion of intrahepatic CCC in the cirrhotic 
liver: a rim-like hyper-enhancement, heterogene-
ous or very slight hyper-enhancement in arterial 
phase followed by marked and/or heterogeneous 
washout in venous phase [20]. Two further stud-
ies also reported a very early washout (within 
60 s post-injection) in CCC nodules in cirrho-
sis [21,22]. However, CT and MR are frequently 
mandatory in these patients to obtain a dif-
ferential diagnosis of malignancy in cirrhosis. 
Images of vascular patterns of intrahepatic CCC 
are reported in Figure 5.
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Figure 5. Contrast-enhanced ultrasound images of nodules with �nal diagnosis of 

cholangiocellular carcinoma. A vascular pattern of cholangiocellular carcinoma at contrast-

enhanced ultrasound is characterized by inhomogeneous hyper-enhancement in arterial phase (A) 

followed by marked washout (hypo-enhancement) in late phase (B). A di�erent vascular pattern of 

cholangiocellular carcinoma could be characterized by mild peripheral rim hyper-enhancement in 

arterial phase (C) and washout (hypo-enhancement) in late phase (D).

B
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●● Metastatic liver diseases

Liver metastases are frequent in different 
tumors; CEUS represents a sure and accurate 
imaging technique able to detect and charac-
terize secondary liver lesions [50,51]. The late 
phase is the best vascular phase to identify focal 
defects corresponding to liver metastases. These 
lesions appear as punched-out ‘black foci’ com-
pared with the background liver parenchyma, 
uniformly enhanced in this phase [26]. Small 
metastases, sometime occult on B-mode US 
examination, could be detected in the late phase 
after contrast injection [25]. In arterial phase the 
appearances are twofold: hypo-vascular metas-
tases appear as hypo-enhancing lesions, usually 
with a typical rim enhancement, while hyper-
vascular lesions appear as brightly enhancing 
hyper-enhancing and homogeneous lesions 
[25]. Both the hyper- and hypo-vascular metas-
tases invariably appear as dark enhancement 

defects in the delayed phase. The rapid wash-
out (within 75 s), typical of metastases, can be 
useful in the differentiation of metastasis from 
HCC [52,53].

 Figure 6 reports images of different vascular 
patterns of liver metastases.

Conclusion & future prospective

 CEUS is recommended for characterizing all 
nodules detected in the liver during surveillance 
in cirrhosis and at routine US examination in the 
non-cirrhotic liver, as suggested in national and 
international guidelines.

CEUS could be considered when CT and 
MR are inconclusive or when liver biopsy 
is not feasible in liver nodules without final 
diagnosis.

Sonovue and Sonazoid CEUS offer different 
information about vascular and post-vascular 
behavior of nodules. Sonazoid CEUS, similarly 
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