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Abstract
The extensive use of imaging techniques in differential 
diagnosis of abdominal conditions and screening of he-
patocellular carcinoma in patients with chronic hepatic 
diseases, has led to an important increase in identifica-
tion of focal liver lesions. The development of contrast-
enhanced ultrasound (CEUS) opens a new window in 
the diagnosis and follow-up of these lesions. This tech-
nique offers obvious advantages over the computed to-
mography and magnetic resonance, without a decrease 
in its sensitivity and specificity. The new second genera-
tion contrast agents, due to their intravascular distribu-
tion, allow a continuous evaluation of the enhancement 
pattern, which is crucial in characterization of liver le-
sions. The dual blood supply in the liver shows three 
different phases, namely arterial, portal and late phases. 
The enhancement during portal and late phases can 
give important information about the lesion’s behavior. 

Each liver lesion has a different enhancement pattern 
that makes possible an accurate approach to their di-
agnosis. The role of emerging techniques as a contrast-
enhanced three-dimensional US is also discussed. In 
this article, the advantages, indications and technique 
employed during CEUS and the different enhancement 
patterns of most benign and malignant focal liver le-
sions are discussed.
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INTRODUCTION
The widespread availability of  imaging modalities such 
as ultrasound (US), computed tomography (CT) and mag-
netic resonance imaging (MRI), to screen for liver lesions 
and in the study of  nonspecific abdominal complaints, 
has greatly increased the diagnosis of  liver lesions in as-
ymptomatic patients[1]. 

The precise diagnosis of  liver lesions should not only 
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be based on imaging techniques but also must be taken 
into acco-unt the clinical history and laboratory data. For 
example, the use of  oral contraception in young women, 
history of  cirrhosis, positive serologic test for hepatitis vi-
ruses, elevation of  α fetoprotein (AFP) or excessive alco-
hol consumption may provide important clues. Therefore, 
a comprehensive clinical history and physical examination 
are as important as the imaging technique for the char-
acterization of  liver masses. In some cases, histology is 
needed for the final diagnosis.

Ultrasound is usually the first line of  investigation in 
the detection of  focal liver lesions due to its relatively low 
cost, safety and wide availability, but the differentiation 
between benign and malignant lesions is difficult in many 
cases with this technique[2,3]. The introduction of  contrast 
media in imaging technique can better characterize the 
non-invasive focal liver lesions based on their enhance-
ment pattern than the surrounding liver parenchyma. Con-
trast-enhanced CT and MRI are most commonly used, but 
the introduction of  ultrasound contrast has expanded the 
role of  sonography in the characterization of  focal liver 
masses[4]. 

CONTRAST-ENHANCED SONOGRAPHY
The ultrasound contrast agents are microbubbles with 
an approximate size of  red blood cells that circulate into 
vessels but not through the vascular endothelium into the 
intersticium. This property helps to provide accurate in-
formation about the vascularity of  the lesion[5]. There are 
different types of  contrast but all of  them consist of  a gas 
microbubble stabilized with a phospholipid-membrane. 

The contrast works as a signal enhancer. The interface 
between microbubble and aquatic medium reflects the 
ultrasonic wave improving the contrast between the blood 
and hepatic tissue around. 

Under low mechanical index imaging, the microbub-
bles have a much higher nonlinear behavior than the na-
tive tissue, resulting in detectable echoes[2]. Pulse inversion 
imaging suppresses echoes from tissues in favor of  those 
from bubbles. When used at a low mechanical index, pulse-
inversion imaging does not cause disruption of  the mi-
crobubbles, thus allowing a continuous assessment of  the 
vessels as the contrast agent traverses the imaging field[6].

Contrast agents are safe and produce very few adverse 
effects. Severe anaphylactoid reactions have been described 
in 0.001% of  abdominal explorations, similar to those de-
scribed in MRI contrasts (gadolinium) and fewer than aller-
gic reactions to CT iodized contrasts.

Before ultrasound contrast is injected, a complete so-
nographic study in B-mode must be performed, with or 
without the use of  Doppler. After the lesion is identified, 
the transducer has to be placed in a fixed position in order 
to visualize the mass along the whole exploration. The 
mechanical index ought to be changed to a low index to 
prevent a fast destruction of  microbubbles, thereby allow-
ing a complete multiphase imaging. The principal vascular 
structures and other anatomic references like the dia-

phragm must remain visualized. Some sonographers have 
a double screen with one of  them under a low index state 
and the other one in B-mode, which facilitates the visual-
ization under both mode conditions at the same time. The 
contrast is usually administered in bolus through a pe-
ripheral vein followed by a saline flush. The chronometer 
must be started as the same time as the initial injection. It 
is recommended that the exploration be performed con-
tinuously in the first 90 s to evaluate correctly the arterial 
and portal phase, but can be explored discontinuously in 
the late phase. If  a second lesion has to be studied, the 
previous microbubbles can be washed out sweeping with 
the transducer by using a high mechanical index. It is rec-
ommended to record the exploration[7]. 

The liver, with its dual blood supply, shows first en-
hancement in the arterial phase as the contrast agent fills 
the hepatic artery, with progressively enhancement as it 
arrives to the portal vein. The arterial phase (10-35 s after 
the injection) gives information about the amount and type 
of  the lesion’s microvascularization. The portal (30-120 
s after the injection) and late phases (over 120 s after the 
injection) give more information about the elimination of  
the contrast in the lesion than about that of  the rest liver 
parenchyma. It is believed that the contrast is uptaken by 
Kupffer cells or remains in the hepatic sinusoids in the late 
phase. There are new contrast agents that provide the ad-
ditional post-vascular or Kupffer phase that allows an as-
sumption of  the degree of  malignancy based on Kupffer  
function[8].

The portal and late phase enhancement can give impor-
tant information about the lesion’s behavior. The majority 
of  malignant lesions present a lower enhancement than 
the rest liver parenchyma, while the majority of  benign 
solid lesions present a higher than or the same enhance-
ment as the rest liver parenchyma[2]. The differentiation 
between benign and malign tumors is possible in 95% of  
cases in the late phase, between 120 s and 5 min after con-
trast injection[9]. 

The use of  ultrasounds provides several advantages 
over CT and MRI, such as lack of  exposure to radiation, 
more availability and less expensive contrast-enhanced 
US (CEUS)[10]. Furthermore, the contrast media used in 
sonography are not nephrotoxic, do not influence the 
thyroidal metabolism while the microbubbles remain in 
the intravascular space, allowing a continuous assessment 
of  the lesions’ vascularity and enhancement with a high 
temporal resolution, not limited to the pre-defined time 
points[11,12]. In CT and MRI, the very early contrast pe-
riod can be missed and the enhancement during the first 
seconds gives important information, especially in highly 
arterialized lesions. Another advantage is that contrast 
injection can be repeated if  necessary, due to its excellent 
tolerance[7]. CEUS has a sensitivity of  90%, a specificity 
of  99% and an accuracy of  89% in diagnosis of  malig-
nant liver lesions, as shown in Von Herbay’s study[13].

The limits of  enhanced-sonography for detection of  
liver lesions are the same as conventional ultrasonography. 
Enhanced-sonography is an operator-dependent tech-
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nique, due to the evaluation of  some liver segments like Ⅷ 
segment with difficult accessibility, cirrhotic or fatty livers 
which limit the ultrasound penetration, patients with low 
collaboration during exploration, and the need of  addition-
al injection of  contrast for patients with multiple lesions.

The indications for the use of  CEUS are summarized 
in Table 1. 

CEUS is contraindicated in patients with acute car-
diac failure, class Ⅲ/Ⅳ cardiac failure, cardiac rhythm 
disorders, recent coronary arterial intervention or factors 
suggestive of  clinical instability, right-to-left shunts, se-
vere pulmonary hypertension and uncontrolled systemic 
hypertension. Ultrasonographic contrast media have not 
been used in patients under the age of  18 years, pregnant 
or breastfeeding women. They must be used with caution 
in patients with severe chronic obstructive pulmonary dis-
ease[3]. It is recommended that patients stay at hospital un-
der medical supervision for at least 30 min after contrast 
administration.

CHARACTERIZATION OF FOCAL LIVER 
LESION WITH CEUS
Benign liver lesions
Simple cyst: It is a congenital lesion surrounded by bil-
iary-type epithelium with serous content. It is usually as-
ymptomatic but may produce abdominal pain if  it reaches 
large dimensions. It is anechoic with posterior enhance-
ment in conventional sonography and hypoenhanced in 
all phases with contrast. Simple cysts do not need survey-
ing or treatment, unless they accompany hemorrhage or 
infection (Figure 1). 

Hemangioma: It is the commonest tumor in the liver 
with a prevalence of  0.4%-7.4%[14]. It is more frequent in 
women at the age of  30-50 years. This lesion consists of  
multiple vessels supported by fibrous interstitium. Usu-
ally asymptomatic, it may cause abdominal pain. Only 
in exceptional cases, it is associated with thrombopenia, 
consumption coagulopathy and microangiopathic anemia 
(Kassabach-Merritt syndrome)[15]. It may grow during 
pregnancy or estrogenic therapies. 

Ultrasonography shows a hyperechogenic, well defined 
lesion. CEUS shows that hemangiomas present peripheral 
nodular enhancement with centripetal filling during the 
portal phase and remaining isoenhanced in the late phase 
(Figure 2). 

Labeled red blood cell scintigraphy is the best and least 
expensive modality for lesions over 2.5 cm in diameter 
and MRI for lesions under 2 cm in diameter[1]. 

Asymptomatic patients with hepatic hemangiomas 
do not need follow-up as there is no risk of  malignant 
transformation, but when a homogeneous hyperechoic 
lesion is discovered in a patient with a history of  cirrhosis 
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Table 1  Indications for the use of contrast-enhanced ultrasonography 

Patients for whom the ultrasonography without contrast, computed tomography, magnetic resonance imaging or cytology is not conclusive
Evaluation of lesions before percutaneous treatment to have a first image to compare after the procedure if necessary
Guidance of the needle or the probe during percutaneous treatment
Immediate evaluation of the lesion after percutaneous treatment to detect viable areas[24]

Follow-up of patients with liver lesions treated by percutaneous ethanol injection or radiofrequency ablation
Detection of liver tumors and study of its microcirculation
Evaluation of organ perfusion
Study of macrocirculation
Improvement of sensibility and specificity during intraoperative sonography

C

B

A

Figure 1  Simple cyst showing no enhancement in the arterial (A), portal 
venous (B) and late phases (C).



or known malignancy, further characterization is recom-
mended[4].

Focal nodular hyperplasia: It is a pseudotumor, which 
is considered a hyperplastic proliferation of  normal liver 
cells in response to a preexisting arterial malformation. 
Large lesions commonly have a central scar made up from 
fibrous stroma with a supply artery and hyperplastic bile 
ducts[15]. It is more frequent in young women and usually 
asymptomatic. 

Enhanced sonography demonstrates that the lesion 
typically presents a central enhancement in the arterial 
phase, with a centrifugal filling through radial vascular 
branches (wheel sign). This image occurs in 95% of  cases 
if  the lesion measures at least 3 cm in diameter and in 
20%-30% of  cases if  the lesion is smaller. In the portal 
phase, the lesion usually remains enhanced with a non-

enhancing central scar and becomes isoenhanced in the 
late phase (Figure 3). Nowadays, MRI is the technique 
of  choice for the diagnosis of  focal nodular hyperplasia 
(FNH), but the characteristic image of  the wheel sign is 
better visualized with CEUS due to its dynamic facet[9]. 

No cases of  malignization are reported. Such cases do 
not need treatment or follow-up. The interruption of  oral 
contraception is recommended as it may reduce the size 
of  the lesion. 

Adenoma: It is related with the use of  anabolic andro-
gens, type-1 glycogenosis and oral contraceptives with an 
incidence of  0.03%. It is histologically made up of  normal 
or atypical hepatocytes with none or few bile ducts and 
Kupffer cells. Up to 25% of  liver adenomas cause ab-
dominal pain in the right hypochondrium or in the epigas-
trium[16]. In very large adenomas, intratumoral hemorrhage 
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A

Figure 2  Hemangioma showing peripheral-nodular enhancement in arte-
rial phase without central enhancement (A), partial centripetal filling in the 
portal venous phase (B), and complete enhancement in the late phase (C).

C

B

A

Figure 3  Focal nodular hyperplasia showing hyper-enhancement in arte-
rial phase with complete and early centrifugal filling (A), in portal venous 
phase (B), and hyper/iso-enhancement in late phase (C).



is frequent, provoking hemoperitoneum in exceptional 
cases. 

During CEUS, adenomas show a fast centripetal hyper-
enhancement during arterial phase, but in the majority of  
cases, the enhancement is irregular in the presence of  ne-
crosis or hemorrhages. In portal phase, the adenoma begins 
to wash out contrast becoming iso or hypoenhanced with 
the liver parenchyma. 

The management is surgical due to its high bleeding 
risk and potential malignant degeneration [5% of  he-
patic adenomas transform to hepatocellular carcinoma 
(HCC)][1]. 

Regenerative nodule: Regenerative nodules often ap-
pear in cirrhotic livers or after a massive hepatic necrosis. 
These nodules are isoenhanced during the three phases of  
contrast sonography. Progression to HCC is possible.

Focal fat accumulation: It is present in 10% of  patients 
with liver esteatosis. These fat accumulations are usually 
located next to the gallbladder, portal veins or the falci-
form ligament. It is isoenhanced during the arterial, portal 
and late phases (Figure 4). 

The characteristics of  hepatic benign lesions according 
to their vascular pattern on CEUS scan are summarized in 
Table 2.

Malign liver lesions
HCC: It is the most frequent primary tumor of  the liver 
and the fifth more common malignancy worldwide. It rep-
resents the third cause of  cancer-related death[17]. About 
80% of  HCCs appear in cirrhotic population. A liver mass 
in a cirrhotic patient should be considered a HCC until 
proven otherwise[1]. Screening of  HCC is recommended 
in these patients through the determination of  AFP and a 
conventional ultrasound every 6 mo. This makes possible 
a curative or palliative treatment in its early phases. 

HCC may be silent but is usually associated with 
weight loss, abdominal pain, hepatomegaly or ascites. Lab-
oratory data include elevation of  serum alkaline phospha-
tase, persistent leukocytosis and increased ratio of  serum 
AST/ALT. 

Two thirds of  HCC are hyperechoic in conventional 
ultrasonography and the other third of  HCC are het-
erogeneous, showing hyper and hypoechoic areas. Small 

lesions tend to be hypoechoic. Contrast-ultrasonography 
shows that HCC are enhanced in arterial phase, often with 
feeding vessels around and inside the tumor. It has a char-
acteristic rapid wash-out in portal phase and frequently 
remains hypoenhanced in late phase (Figure 5).
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C

B

A

Figure 4  Focal fatty sparing demonstrating an iso-enhancement in the arte-
rial (A), portal (B) and late phases (C).

Table 2  Typical enhanced-ultrasound patterns in benign focal liver lesions

Arterial phase Portal phase Late phase

Hemangioma Peripheral nodular hyperenhancement with 
centripetal progression

Slow centripetal filling. The lesion 
becomes iso or hyperenhanced

Iso or hyperenhanced

Focal nodular 
hyperplasia

Hyperenhanced in the center of the lesion (central 
vessel) with fast centrifugal filling due to radial 
vascular branches: “wheel sign”

Iso or hyperenhanced Iso or hyperenhanced. Sometimes 
the central scar can be seen

Adenoma Highly hyperenhanced with complete filling and 
fast wash-out. No radial branches

Iso or hyperenhanced Iso or hyperenhanced

Simple cist No enhancement No enhancement No enhancement
Regenerative nodule Isoenhanced Isoenhanced Isoenhanced
Focal fatty accumulation Isoenhanced Isoenhanced Isoenhanced



For the diagnosis of  HCC in cirrhotic patients, lesions 
over 2 cm in diameter need just one imaging technique 
showing typical findings or one imaging technique show-
ing an AFP level over 400 μg. In nodules between 1 and 
2 cm in diameter, two techniques showing typical imaging 
criteria are needed for the diagnosis. Follow-up every 3 mo 
is recommended for masses less than 1 cm in diameter[1]. 

Intrahepatic cholangiocarcinoma: It is generally a unique 
mass originated in small intrahepatic bile ducts. This tu-
mor should be considered in patients with chronic pri-
mary sclerosing cholangitis, longstanding choledochocele, 
intrahepatic lithiasis, parasitic disease of  the bile ducts, 
Caroli’s disease, and in patients exposed to thorotrast for 
radiographic procedures[1]. Jaundice is the most common 
clinical presentation[18] and usually associated with a high 
serum bilirubin level. Up to 80% of  the cholangiocarcino-
mas present elevated values of  serum CA 19-9 and 50% 
present elevated CEA[15]. 

Cholangiocarcinomas show different enhancement 
patterns depending on size of  the lesion and different 
pathological components of  the tumor[19]. In arterial phase, 
this tumor may show irregular peripheral rimlike hyper-
enhancement, heterogeneous hyperenhancement, homo-
geneous hyperenhancement or heterogeneous hypoen-
hancement. In portal phase, it presents complete wash 
out staying hypoenhanced. Even though there are many 
ultrasound patterns, the use of  CEUS helps to differenti-
ate between cholangiocarcinoma and HCC[20]. 

Metastasis
The liver is the most common site of  metastasis from the 
gastrointestinal tract, pancreas, breast and lung. Colorectal 
cancer most commonly metastasizes to liver. Metastasis 
occurs in the most common malignant hepatic tumor. 
Generally, both hepatic lobes are involved[1].

Hypervascular metastases are associated to carcinoid 
tumors, melanomas, sarcomas, thyroid tumors and hy-
pernephromas. They are completely enhanced in arterial 
phase with fast wash out and hypoenhanced in portal and 
late phases (Figure 6). Hepatic metastases can be classified 
into hypo and hypervascular.

Hypovascular metastases remain unenhanced during 
the three phases (Figure 7).

Intraoperative ultrasonography is the most sensitive 
imaging technique for diagnosing liver metastases and may 
be helpful in delineating the extent of  disease and vascular 
landmarks during hepatic resection[21]. 

The vascular pattern characteristics of  hepatic focal 
malignant on CEUS scan are summarized in Table 3.

CONTRAST-ENHANCEMENT THREE 
DIMENSIONAL IMAGES AND FOCAL 
HEPATIC LESSIONS 
Recently, CE three-dimensional (3D) US has been incor-
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Table 3  Typical enhanced-ultrasound pattern in malignant focal liver lesions

Arterial phase Portal phase Late phase

Hepatocellular carcinoma Hyperenhanced due to its arterial vascularization Fast wash-out leaving an iso or 
hypoenhanced lesion

Hypoenhanced

Cholangiocarcinoma Hyperenhanced in the border Iso or hypoenhanced Hypoenhanced
Hypervascular metastasis Hyperenhanced, usually starting in the margin: ring sign Iso or hypoenhanced Hypoenhanced
Hypovascular metastasis Hypoenhanced Hypoenhanced Hypoenhanced

Gómez Molins I et al . Contrast-enhanced ultrasound and focal hepatic lesions

C

B

A

Figure 5  Hepatocellular carcinoma showing hyper-enhancing in arterial 
phase with necrotic non-enhancing areas (A), iso-enhancement in por-
tal venous phase with necrotic non-enhancing areas (B), and hypo/iso-
enhancing in late phase (C).
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porated to the diagnostic US technologies. This technique 
provides dynamic information for spatial volume. As com-
pared with CEUS 2D, CEUS-3D acquires the data in a 
volume of  interest (VOI) by scanning with a desired angle 
and allows reconstruction of  images in three orthogonal 
planes and yields images similar to angiograms, with ac-
curate visualization of  the vascular characteristics of  focal 
liver tumors[22,23]. A recent retrospective-prospective large 
study by Luo et al[5], found that dominant enhancement 
patterns are as diffuse enhancement or peripheral ring-
like enhancement, followed by washout change in HCC 
or peripheral ring-like enhancement with venous washout 
for metastases. In the case of  hemangiomas, the pattern 
is usually a nodular enhancement, whereas in FNH, the 
dominant pattern is observed in spoke-wheel arteries. Al-
though CE 3D US shows a high sensitivity and specificity 
for differentiation of  lesions and a good-excellent inter-

observer agreement, no significant difference has been 
observed in prospective diagnosis accuracy of  CE 3D US 
and CE 2D US.

However, some artifacts from the cardio-pulmonary 
motion, shadows of  costal bones, and interference from 
abdominal gas might lead to reader’s misinterpretation. 
The role of  this technique in both evaluation of  focal 
liver lesions and assessment of  the effect of  percutaneous 
or TACE therapies on HCC should be further evaluated 
before its routine use is recommended.

CONCLUSION
CEUS is an emerging imaging technique that offers im-
portant advantages over CT and MRI. It is becoming the 
procedure of  choice, using a low mechanical index, for 
the study and detection of  focal liver lesions and a valu-

B

C

A

Figure 6  Hypervascular metastases showing hyper-enhancement in arterial 
phase (A), hypo-enhancement in portal venous phase (B), and hypo/non-
enhancement in late phase (C).
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Figure 7  Hypovascular metastases showing rim enhancement with central 
hypo-enhancement in arterial phase (A), hypo-enhancement in portal ve-
nous phase (B), and hypo/non-enhancement in late phase (C)
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able complementary tool with CT and MRI in the diagno-
sis and follow-up of  these lesions.
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