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Abstract
Patients with liver cirrhosis are at increased risk of 
hepatocellular carcinoma (HCC). Conventional or 
baseline ultrasound (BUS) is often used as the first-line 
tool for HCC surveillance or detection, but the accuracy 
of BUS in HCC detection or differentiation from other 
focal liver lesions (FLLs) is limited. Contrast-enhanced 
ultrasound (CEUS) represents a recent revolution in the 
field of ultrasonography and it has become increasingly 
important in the detection and evaluation of FLLs. In 
CEUS, HCC typically exhibits arterial hyper-enhancement 
and portal-venous washout represented by hypo-
enhanced lesions in the portal venous and late phases. 
The detection rate of HCC was significantly higher 
with CEUS compared with BUS. Even regenerative or 

some dysplastic nodules may exhibit arterial hyper-
enhancement as they are differentiated from HCC by 
its iso-enhancing pattern in portal and late phases. The 
contrast-enhancement patterns of other different types 
of benign and malignant FLLs, as well as their detection 
rates with CEUS, were also discussed.
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INTRODUCTION
Liver cirrhosis is a potentially life-threatening condition, 
as it may be complicated by hepatic decompensation 
and hepatocellular carcinoma (HCC)[1]. Therefore 
HCC surveillance has been recommended by expert 
associations to improve survival of  patients by identifying 
tumors in earlier stages[2-4]. Conventional or baseline 
ultrasound (BUS) is often used as the first-line tool 
for HCC surveillance, as well as for the detection of  
HCC or other focal liver lesions (FLLs) because of  its 
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efficiency, availability, non-invasiveness, and relatively low 
cost[5]. However, in view of  the low ability of  BUS to 
demonstrate tumor vascularity, it is sometimes difficult to 
differentiate benign FLLs (generally having a preferential 
portal venous blood supply) from malignant ones 
(generally having a preferential hepatic arterial supply) 
using BUS alone[6]. This is particularly relevant in the 
setting of  liver cirrhosis, as in the presence of  nodular 
liver parenchyma it can be difficult to differentiate HCC 
from regenerative, dysplastic nodules or other FLLs.

Contrast-enhanced ultrasound (CEUS) represents a 
recent breakthrough in the field of  ultrasonography and 
it has becoming increasingly important in the evaluation 
of  FLLs. CEUS involves the use of  microbubble contrast 
agents and specialized imaging techniques such as 
harmonic and pulse inversion imaging to show sensitive 
blood flow and tissue perfusion information. The 
introduction of  new generation microbubble contrast 
agents allows real-time imaging, which further improves 
the characterization and detection of  FLLs[7]. CEUS 
significantly improved the diagnostic performance in 
small FLLs compared to BUS[8]. Several other studies 
also provided evidence that CEUS has sensitivity and 
specificity similar to computed tomography (CT) and 
magnetic resonance imaging (MRI) in terms of  detection 
and characterization of  FLLs[9-12]. In this article, the 
application of  CEUS for the detection of  different benign 
and malignant FLLs in liver cirrhosis will be described 
and discussed on the basis of  our experience and latest 
literature data. 

ULTRASOUND CONTRAST AGENTS 
(UCAs) AND CONTRAST-SPECIFIC 
TECHNIQUES
Microbubbles smaller than 8 μm in diameter have 
been proved to pass through capillary vessels, and an 
ultrasound pulse with a frequency of  2 MHz and a 
negative pressure of  about 700 kPa has the ability to 
disrupt the microbubbles and generate echo signals[13]. 
Thus, contrast agents with transpulmonary stability, 
which are administered intravenously into peripheral 
veins, have become commercially available for use in 
sonographic enhancement studies. Levovist, Definity, 
SonoVue, and the latest Sonazoid, are the four UCAs 
most commonly studied in the liver (Table 1). 

The first generation UCAs, such as Levovist, pro-
duce a very weak signal when submitted to a low me-
chanical index ultrasound beam owing to the fragility 
of  the microbubbles containing air with galactose/pal-
mitic acid surfactant[14]. One of  the second-generation 
UCAs, SonoVue, is the most commonly used UCA in 
China and Europe. Bubbles of  SonoVue contain sulfur 
hexafluoride with a phospholipid shell[15]. The micro-
bubbles are isotonic to human plasma and stable and 
resistant to pressure. SonoVue improves the display of  
focal tumor vascularity and normal parenchymal liver 

vascularity[16]. Sonazoid is another second-generation 
UCA solely available in Japan. Sonazoid consists of  
perfluorobutane microbubbles with a median diameter 
of  2 to 3 μm[17]. A pharmacokinetic study of  Sonazoid 
showed that blood concentrations of  perfluorobutane 
declined biphasically with a distribution half-life of  2 
to 3 min and an elimination half-life of  30 to 45 min[18]. 
The special feature of  Sonazoid is the Kupffer imag-
ing in the post-vascular phase, which is stable for at 
least 60 min post-injection and tolerable for multiple 
scanning and can be obtained with low acoustic power, 
because Sonazoid microbubbles are phagocytosed by 
Kupffer cells[19]. In general, UCAs are very safe with a 
low incidence of  side effects. Serious adverse events in 
abdominal applications have been reported with a rate 
of  0.0086%[20]. The common adverse events include 
pruritus, nonspecific malaise, numbness of  limb and 
dyspnea; while serious adverse events include hypoten-
sion and bronchospasm[20].

Contrast-specific techniques suppress linear ultra-
sound signals coming from tissues and use the non-
linear response of  microbubbles to enhance signals from 
UCAs over the background. The advent of  second-
generation agents has been significant in improving the 
ease and the reproducibility of  the examination, since 
low solubility gases offer improved stability and more 
favorable resonance behavior than air at low acoustic 
pressure[21]. Hence, contrast-specific imaging can be per-
formed at a low mechanical index (usually less than 0.20), 
thus preventing microbubble disruption and enabling 
visualization of  the dynamic enhancement pattern in real 
time over several minutes.

DIFFERENT VASCULAR PHASES OF 
LIVER IN CEUS
The hepatic artery supply usually starts 10 to 20 s post-
injection into a peripheral vein and lasts for approximately 
10-15 s. This is followed by the portal venous phase, which 
usually lasts 2 min after UCA injection. The late phase lasts 
until clearance of  UCA from the liver parenchyma, up 
to approximately 4-6 min for SonoVue[22]. Another post-
vascular or Kupffer phase, up to at least 60 min, is present 
for Sonazoid (Table 2)[19].

Table 1  Characteristics of common ultrasound contrast 
agents used in liver imaging

Agent Manufacturer Resonance 
range (MHz)

Chemical 
composition

MI level

Levovist® Schering    2-3 Lipid High > 0.6
Air (galactose-based)

Definity® BMS 1.5-4 Liposome Low < 0.4
Perfluorocarbon

SonoVue® Bracco    1.8-3.2 Phospholipid Low < 0.4
Sulfur hexafluoride

Sonazoid® GE 
healthcare

   2-8 Lipid Low < 0.4
Perfluorocarbon
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Arterial phase
The UCA reaches the liver first via the hepatic artery 
and provides information on the degree and pattern of  
vascularity. Tumors with substantial arterial blood supply 
show hyper-enhancement during this phase. This phase 
is usually defined as the period from 0 to 30 s after UCA 
injection.

Portal vein phase
After the arterial phase, the UCA has passed through the 
circulation and spreads through the liver via the portal 
branches. This phase is usually defined as the period 
from 31 to 120 s after UCA injection.

Late or parenchymal phase
The late or parenchymal phase follows the portal phase, 
in which UCA is slowly distributed throughout the entire 
liver parenchyma. The origin of  the late phase is the 
subject of  ongoing scientific discussion, and suggested 
mechanisms include sinusoid pooling and reticulo-
endothelial system or Kupffer cell uptake[23]. Both the 
portal and late phases provide information regarding the 
washout of  contrast agent from the lesion compared 
with normal liver tissue. In the case of  hemangiomas, a 
progressive filling can be observed during these phases. 
The portal and late phase enhancement can provide 
important information regarding the character of  the 
lesions. Most malignant lesions are hypo-enhanced, while 
the majority of  solid benign lesions are iso- or hyper-
enhanced[24,25]. This phase is usually defined as the period 
from 121 to 360 s after UCA injection.

Post-vascular or Kupffer phase
This is an extra phase when Sonazoid is used. Kupffer 
imaging in the post-vascular phase is stable for at least  
60 min post-injection and tolerable for multiple 
scanning. This can be obtained with low acoustic power, 
because Sonazoid microbubbles are phagocytosed by 
Kupffer cells[19].

DETECTION OF MALIGNANT FLLs IN 
CIRRHOTIC LIVER WITH CEUS
HCC
HCC is the most common primary malignancy of  the 

liver. It usually occurs in patients with chronic liver dis-
eases such as chronic hepatitis B and C, which are highly 
prevalent in the Asian-Pacific region, Japan and America, 
respectively. The risk of  HCC is substantially increased to 
10 times or even more in the presence of  cirrhosis when 
compared to non-cirrhotic patients[1]. The annual detec-
tion incidence of  HCC ranges from 2% to 5% when cir-
rhosis is established[26]. On a histopathologic basis, evolv-
ing malignant change in a cirrhotic nodular lesion shows 
that the arterial flow supply progressively increases to the 
lesion and the portal flow progressively decreases[27]. This 
progressive neo-angiogenesis provides the clue for clini-
cal diagnosis with imaging techniques[28]. HCC typically 
exhibits arterial hyper-perfusion compared with the sur-
rounding liver tissue at the time when in the surrounding 
liver parenchyma no contrast effect is as yet discernible 
(Figure 1)[29]. Uneven arterial hyper-enhancement of  
HCC may be noted, because the tumors may have septa, 
different cell differentiation and arterio-venous shunting 
patterns among the neo-formed vessels[30]. In the portal 
and late phase, HCC are usually hypo-enhanced, as the 
UCA will wash out from HCC to the liver parenchyma 
rapidly, and the tumor may appear hypo-enhanced with 
respect to the surrounding liver in the late phase[24,25,29]. 
As some regenerative nodules may also exhibit additional 
arterial enrichment, analysis of  the portal venous phase 
makes the differentiation of  these iso-enhanced nodules 
from hypo-enhanced HCC possible.

The detection rates of  FLLs are dependent on the 
sizes of  the lesions. While the detection rates are generally 
higher than 90% with CEUS[9,28]. A summary of  CEUS 
findings of  common FLLs was shown in Table 3. The 
characterization of  a hepatic nodule smaller than 2 cm by 
imaging is more difficult. Detection of  small HCCs in the 
cirrhotic liver is always a great challenge in cirrhotic liver, 
as multistage processes including regenerative nodules, 
dysplastic nodules and HCC may co-exist. In general, 
CEUS improved the sensitivity, negative predictive value, 
and overall accuracy of  detection of  HCC ≤ 2 cm from 
29% to 80%, 60% to 91%, and 64% to 87%, respectively, 
when compared with BUS[31]. A recent investigation has 
shown that in the setting of  cirrhotic patients undergoing 
HCC surveillance, the sole imaging finding of  arterial 
hyper-vascularization in small solitary nodules of  2 cm 
or less has a specificity of  86% and a positive predictive 
value of  92% for the diagnosis of  HCC[32]. Small HCCs 
in cirrhotic liver may be detected as areas of  hyper-
enhancement in the arterial phase. However, the short 
duration of  the arterial phase does not allow scanning 
of  the whole liver. Hence the portal and late phases 
may provide more information in the detection of  small 
lesions in cirrhotic liver[24,25]. Evaluation of  all three 
vascular phases has been shown to be superior to the 
evaluation of  enhancement in the late phase alone: the 
sensitivity increased from 78% to 98%, and the accuracy 
from 81% to 93%[33]. In a study of  41 cirrhotic patients 
with small monofocal lesions smaller than 3 cm in 
diameter using contrast-enhanced Doppler ultrasound, the 
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Phase Start1 End1

Arterial phase (s) 10-20 20-35 
Portal venous phase (s) 30-45 120-180 
Late phase (s) 120-180 240-360
Post-vascular or 
Kupffer phase

Approximately 10 min At least 60 min

Table 2  Different phases of liver in contrast-enhanced 
ultrasound

1The individual global hemodynamic situation will influence the time of 
onset of different phases.
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intra-tumoral arterial blood flow was detected in 95% of  
HCCs, compared with 28% of  nonmalignant nodules[34]. 
All false-positive findings were noted either in high-grade 
dysplastic nodules or evolving HCCs[34]. CEUS was also 
found to improve the detection of  HCC in patients with 
chronic hepatitis C related cirrhosis, and it was useful to 
rule out malignancy in many cases where BUS findings 
were indeterminate[35]. To increase the specificity of  
imaging diagnosis, it is mandatory to evaluate contrast 
washout during the portal venous and the late phases, as 
recently recommended by the EASL panel of  experts on 

HCC and the AASLD practice guideline[36,37]. These latest 
guidelines from various panel experts also recommended 
that the diagnosis of  nodules of  sizes 1 to 2 cm must be 
confirmed by two different imaging techniques[36,37]. 

Despite these promising results and recommendations, 
detection of  small lesions is still a great challenge. A small 
study involving 30 cirrhotic patients with 30 small FLLs 
(1 to 2 cm) showed that a combination of  characteristics 
of  arterial phase enhancement and absence of  delayed 
phase enhancement in CEUS had a high specificity of  
92%, with a relatively low sensitivity of  56%, for detecting 
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Arterial Portal Late vascular phase Parenchymal phase

Malignant focal liver lesions
   Hepatocellular carcinoma Hyperechoic Isoechoic Hypo- or isoechoic (30%) Hypoechoic
   Metastases Hypo- or hyperechoic 

(hypervascular)
Hypoechoic with or 

without rim enhancement
Hypoechoic Hypoechoic

   Cholangiocarcinoma Hypo- or hyperechoic (15%) Iso- or hypoechoic Hypoechoic Hypoechoic
Benign focal liver lesions
   Regenerating nodules Iso- or hypoechoic Isoechoic Isoechoic Isoechoic
   Dysplastic nodules Hyper, iso- or hypoechoic Isoechoic Hypo- or isoechoic Hypo- or isoechoic
   Hemangiomas Hyperechoic (peripheral 

nodular enhancement)
Centripetal filling Isoechoic if filling is 

complete (intralesional 
hypoechoic areas in 50%)

Isoechoic (intralesional 
hypo-echoic areas in 50%)

Homogenous hyperechoic 
in 20% of small hemangiomas

Hyper- or isoechoic Hyper- or isoechoic Isoechoic

   Focal nodular
   hyperplasia

Hyperechoic Hyper- or isoechoic; 
non-enhancing central 

scar in 45%

Hyper- or isoechoic; 
non-enhancing central scar 

in 45%

Hyper- or isoechoic

   Hepatocellular adenoma Hyperechoic Isoechoic Isoechoic Isoechoic
   Fatty changes or focal 
   fatty sparing

Isoechoic Isoechoic Isoechoic Isoechoic

   Noncomplicated cysts Absence of enhancement Absence of enhancement Absence of enhancement Absence of enhancement

Table 3  Summary of contrast-enhanced ultrasound findings of common focal liver lesions[72]

Figure 1  Hepatocellular carcinoma. A: Gray-scale sonogram shows an isoechogenic nodule (arrows); B: Contrast-enhanced ultrasound (CEUS) scan at arterial phase 
shows homogeneous hyper-enhancement (arrows); C: CEUS scan at portal phase shows iso-enhancement in comparison with adjacent-liver tissue (arrows); D: CEUS 
scan at late phase shows hypo-enhancement in comparison with adjacent-liver tissue (arrows); E: Computed tomography (CT) scan shows hyper-attenuation of the 
nodule (arrows) during the arterial phase; F: CT scan during the portal phase shows hypo-attenuation (arrows).

FED

CBA
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small HCC in cirrhosis patients[38]. Another recent study 
showed that the detection rate by coincident arterial 
hyper-vascularity at CEUS and CT was 44% in nodules 
of  1 to 2 cm, compared with 84% in larger nodules of  
sizes 2 to 3 cm in cirrhotic liver[39]. Relying on imaging 
techniques in nodules of  1 to 2 cm, the missed diagnosis 
of  HCC was up to 38%[39]. This evidence showed that the 
diagnosis of  nodules of  1 to 2 cm in cirrhotic patients 
is not satisfactory even with arterial hyper-vascularity 
shown by CEUS and CT. Late-phase pulse-inversion 
CEUS improved diagnostic sensitivity from 85% to 
100% and specificity from 30% to 63% compared with 
BUS, and with lower inter-observer variability, for the 
discrimination of  malignant versus benign liver lesions[40]. 
The new UCA Sonazoid provides Kupffer imaging, which 
is extremely stable and tolerable for multiple scanning 
at least up to 60 min in the post-vascular phase, and may 
further improve the detection rate of  HCC with CEUS[41]. 
The analysis of  Kupffer function provides essential 
information compared with other contrast agents[17,42]. 
CEUS with Sonazoid detects liver malignancy as defects 
on the sinusoidal phase with a high sensitivity of  95%, 
specificity of  93%, positive predictive value of  99%, and 
negative predictive value of  97%[43]. 

Tumor differentiation was found to be correlated 
with the pattern of  enhancement in the portal and late 
phases[44]. The timing of  HCC becoming hypo-enhanced 
on CEUS is correlated with tumor cell differentiation; 
well-differentiated tumors wash out more slowly than 
poorly differentiated ones[44,45]. The micro flow imaging 

technique was found to be effective in depicting the 
intra-tumoral vascular architecture which correlated 
with pathologic differentiation of  HCC (Figure 2)[46]. 
A minority of  HCCs may exhibit sustained hyper-
enhancement in the late phase, especially for the small 
or well-differentiated ones (Figure 3)[30]. This makes the 
differentiation from other benign lesions such as focal 
nodular hyperplasia (FNH) or hemangioma impossible. 
In this scenario, other imaging modalities or biopsy of  
the nodule may be needed to confirm the diagnosis.

Metastatic liver cancer (MLC) and cholangiocarcinoma
Even though the incidence of MLC and cholangiocarcinoma 
is not increased in the presence of  liver cirrhosis, detection 
of  MLC may become more difficult in the presence of  
the nodular background of  liver parenchyma. In the 
presence of  liver cirrhosis, the detection rate of  MLC 

Wong GLH et al . Detecting FLLs in cirrhotic liver

Figure 2  Micro flow imaging (MFI) technique depicts the intra-tumoral 
vascular architecture.

A

B

Figure 3  Liver metastasis. A: Gray-scale sonogram shows iso-echoic nodules 
(arrow); B: CEUS scan obtained in arterial phase shows rim-like enhancement 
(arrows); C: CEUS scan at late phase shows marked hypo-enhancement (arrow).

A

B

C

29 December 31, 2009|Volume 1|Issue 1|WJR|www.wjgnet.com



was reported to be 33% in an autopsy series[47], while no 
data is available for cholangiocarcinoma as it is relatively 
uncommon. Detection of  MLC has an important role in 
optimizing the therapeutic strategy, particularly in patients 
suffering from colorectal carcinoma[48,49]. Histologically, 
metastatic tumors have intratumoral hypo-vascularity and 
peripheral hyper-vascularity. BUS may miss iso-echoic 
lesions and lesions smaller than 1 cm[50]. Many studies 
have confirmed the improvement in accuracy of  CEUS in 
diagnosing MLC[40,51,52]. CEUS also improved the detection 
of  miliary metastases (0.5-1 cm) [53]. 

In the arterial phase, hypovascular metastases appear 
as hypo-enhanced lesions, with a typical rim enhance-
ment of  varying size (“halo sign”, “rim sign”), whereas 
hypervascular metastases appear as hyper-enhanced and 
homogeneous lesions[28]. Rapid washout of  arterial en-

hancement is found in the late arterial and portal phas-
es[54]. Therefore, at the beginning of  the portal phase, the 
arterial enhancement fades and the entire hypovascular 
lesion becomes hypo-echoic. In the late phase, both 
hypovascular and hypervascular metastases invariably ap-
pear dark compared with the enhanced background of  
normal liver parenchyma (“black-hole sign”)[52]. During 
this late phase, both portal and late-phase imaging mark-
edly increase the contrast between the enhanced normal 
liver (Figure 3). In the late portal phase very small metas-
tases stand out better, because the artifacts are then less 
pronounced than directly after the injection of  the signal 
enhancer. Thus, non-enhancing metastases improve de-
tection, especially of  small lesions smaller than 1 cm and 
lesions iso-echoic at BUS[55]. A high diagnostic accuracy 
in the differentiation between metastases and benign 
FLLs in the late phase has been reported[56]. A study 
showed that the addition of  CEUS to BUS improved 
sensitivity for the detection of  individual metastases 
from 71% to 87%. On a per-patient basis, sensitivity im-
proved from 94% to 98% and specificity improved from 
60% to 88%[57].

It is often difficult to use BUS alone to differentiate 
cholangiocarcinoma from other FLLs because its sono-
graphic findings are non-specific. CEUS has much im-
proved the detection rate of  this tumor when compared 
to BUS, and it was found to have the same accuracy as 
contrast-enhanced CT in diagnosing intrahepatic chol-
angiocarcinoma (ICC)[58]. ICC usually appeared in inho-
mogeneous hyper-enhancement of  different patterns 
in arterial phase: peripheral irregular rim-like hyper-en-
hancement; diffused heterogeneous hyper-enhancement; 
diffuse homogeneous hyper-enhancement and diffuse 
heterogeneous hypo-enhancement[58,59]. In the portal 
phase, most of  the ICC was hypo-enhanced and ap-
peared as punched-out defects (Figure 4)[58,59]. CEUS is 
also useful for differentiating ICC from HCC based on 
the enhancement pattern[60].

DETECTION OF BENIGN FLLs IN 
CIRRHOTIC LIVER WITH CEUS
Regenerative and dysplastic nodules
A stepwise carcinogenesis for HCC has been proposed 
from regenerative nodules, through low-grade dysplastic 
nodules and high-grade dysplastic nodules, to overt 
HCC[61]. Occasionally cancerous foci of  very well 
differentiated HCC are encountered within dysplastic 
nodules, which are called nodule-in-nodule lesions or 
dysplastic nodules with a focus of  HCC[62]. Differentiation 
between HCC and these nodules is always a major 
concern in cirrhotic liver, as the appearance in BUS may 
be similar but their prognosis is substantially different 
from each other: regenerative nodules are considered as 
benign lesions; dysplastic nodules are considered as pre-
cancerous lesions; while nodule-in-nodule lesions are 
considered malignant[62]. As definite differentiation among 
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Figure 4  Intrahepatic cholangiocarcinoma. A: Gray-scale sonogram shows 
hypo-echoic nodule (arrows); B: At CEUS during the arterial phase the lesion shows 
markedly inhomogeneous enhancement (arrows); C: The lesion appears as hypo-
enhancing mass in comparison with adjacent parenchyma in late phase (arrows).
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these nodules is almost impossible with BUS, CEUS plays 
an important role in differentiating these lesions because 
of  its ability to demonstrate the vascularity of  the 
lesions[63-65]. Regenerative nodules and dysplastic nodules 
are differentiated from HCC as the former lesions usually 
do not show enhancement in the arterial phase and are 
iso-enhanced similar to the surrounding liver parenchyma 
in the portal and late phases (Figure 5)[64,65]. Nonetheless, 
regenerative nodules and some dysplastic nodules may 
also exhibit additional arterial hyper-enhancement; by 
analysis of  the portal venous and late phases it may be 
possible to differentiate these iso-enhancing nodules 
from hypo-enhancing HCC[64,65].

CEUS with Sonazoid is more sensitive for detecting 
arterial vascularity of  target nodules than contrast-
enhanced CT and MRI. CEUS with Sonazoid provides 
the additional post-vascular or Kupffer phase, such that 
it allows an assumption of  the degree of  malignancy 
based on Kupffer function. When uptake of  contrast 
agent is reduced in the Kupffer phase of  CEUS with 
Sonazoid in nodules not depicted as hypervascular 
lesions by CT or MRI, these lesions should basically be 
treated as malignant and a biopsy is not indispensable[62]. 
However, only a part of  the liver can be evaluated in the 
short arterial phase of  20 to 30 s after administration of  
the contrast agent. As multiple nodules are often present 
in cirrhotic liver, this is a major limitation of  CEUS. This 
may be overcome by using several doses of  contrast 
agent to scan different segments of  the liver. Another 

way is using CEUS in combination with CT, which 
was found to increase the accuracy of  detecting intra-
nodular arterial vascularity, compared to that by a single 
method[62].

Hemangiomas
Hemangiomas are the most frequent benign tumor 
found in the liver. Therefore it is also commonly found 
in cirrhotic liver, and the presence of  hemangioma may 
be misdiagnosed as HCC. On the other hand, with pro-
gressive cirrhosis, hemangiomas are likely to decrease in 
size and become more fibrotic and difficult to diagnose 
radiologically[63]. The typical findings of  hemangioma 
in CEUS are peripheral nodular contrast-enhancement 
and centripetal fill in (60% to 80%). However, atypical 
findings are found in 20% of  hemangiomas if  throm-
bosed areas and calcifications are present[66]. In small 
hemangiomas of  diameter less than 2 cm, the arterial 
phase may show diffuse enhancement, which may oc-
cur in hypervascular malignant tumors such as HCC or 
metastases. Hemangiomas can be differentiated from 
those malignant lesions as they usually have hyper- or 
iso-enhancement with respect to the surrounding liver 
tissue in the portal and late phases, while malignant le-
sions become hypo-enhanced (Figure 6)[67]. CEUS can be 
used in the diagnosis of  hemangioma, when centripetal 
fill-in enhancement is a positive finding in hemangioma, 
and the sensitivity and specificity are 96% and 98%, 
respectively[68]. 
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Figure 5  Biopsy-proven dysplastic nodule. A: A well-defined hypo-echoic lesion in the presence of liver cirrhosis (arrow); B: At CEUS during the arterial phase the 
lesion shows hyper-enhancement (arrow); C: The lesion appears iso-enhanced with respect to surrounding liver parenchyma in the portal phase(arrow); D: The lesion 
appears hypo-enhanced with respect to surrounding liver parenchyma in later part of the phase (arrow).
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FNH
FNH is the second most common benign, hyperplastic 
liver neoplasm composed of  all the components of  normal 
liver tissue, and about 45% of  cases have a central stellate 
fibrous scar[69]. FNH was present in 3.4% of  cirrhotic 
patients who received liver transplantation[70]. The findings 
of  FNH in CEUS are rapid arterial hyper-enhancement 
with atypical centrifugal radiating or “spoke-wheel” 
pattern, then homogeneous hyper-enhancement in the late 
arterial phase[71,72]. The spoke-wheel pattern represents a 
central feeding artery and centrifugal blood supply from 
the center of  the lesion to the periphery. FNH gradually 
changes to iso-enhanced in portal and late phases as FNH 
contains all the components of  normal liver tissue, while 
some lesions even show as slightly hyper-enhanced with 
respect to the surrounding normal liver[40]. A central scar is 

another characteristic feature of  FNH in CEUS due to the 
central stellate fibrosis scar. With the characteristic features 
in CEUS, the sensitivity and specificity of  diagnosing FNH 
were 88% to 97% and 95%, respectively[71,73]. 

Hepatocellular adenoma 
Hepatocellular adenoma is a relatively rare benign focal 
liver lesion, and is mainly found in young women with 
a history of  oral contraceptive use, androgen steroid 
therapy and glycogen storage disease[74]. Histologically, 
hepatocellular adenoma is composed of  cords of  tumor 
cells, which closely resemble hepatocytes and contain fat 
and glycogen. In the arterial phase of  CEUS, early and 
homogeneous hyperechoic enhancement is found in most 
cases. However, no enhancement will be seen if  the tumor 
contains hemorrhage or necrosis[72]. In the portal and late 
phases, the enhancement of  hepatocellular adenoma is 
almost the same as that of  liver parenchyma and remains 
slightly hypo-enhanced in relation to the adjacent liver 
tissue in later stages because of  varying numbers and 
activity of  Kupffer cells[75]. Studies regarding the detection 
rate of  CEUS in hepatocellular adenoma are not available.

Focal fatty change and focal fatty sparing of liver
Focal fatty change and focal spared areas are usually 
demonstrated adjacent to the right main portal vein, the 
gallbladder bed or the falciform ligament. However, a 
single well-demarcated nodule can be found anywhere 
in the liver. Because this type of  lesion has normal liver 
components, CEUS shows the same enhancement 
pattern with respect to the normal liver in all phases and 
remains iso-enhanced[52]. In the arterial and venous phase 
the supplying and draining vessels can be imaged[76].

Cystic lesions
Liver cysts are a common ultrasonographic finding 
and readily diagnosed with BUS features of  typical cyst 
appearance of  echo free, round, well-defined borders 
with lateral shadowing and posterior echo enhancement. 
Blood vessels have to be excluded by color Doppler 
imaging ruling out arterio-porto-venous malformations 
with a cystic appearance. Simple liver cysts typically show 
no contrast enhancement at all the phases in CEUS[77]. 
CEUS is usually not necessary to diagnose simple liver 
cysts. Sometimes, it can play an useful role in the presence 
of  complex, septated cysts to exclude a malignant cystic 
lesion (Figure 7)[78].

Other benign lesions
CEUS enables a better delineation of  liver abscesses, 
which usually show a peripheral rim of  contrast en-
hancement, surrounding an inner, generally necrotic, 
hypoechoic non-enhancing area, when compared to BUS. 
Septa may also enhance after contrast agent administra-
tion and show a honeycomb-like appearance (Figure 8)[79]. 
A recent study of  CEUS in infective liver lesions showed 
that most liver abscesses were irregularly rim-enhanced 
with non-enhanced central necrotic areas; whereas infect-
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Figure 6  Hemangioma. A: Gray-scale sonogram shows a hyper-echoic nodule 
(arrow); B: CEUS scan obtained in arterial phase shows peripheral nodular hyper-
enhancement (arrows); C: CEUS scan at late phase shows progressive centripetal 
enhancement and sustained and complete hyperenhancement (arrows).
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ed granulomas and inflammatory pseudotumors exhibit 
variable CEUS patterns[80]. Biopsy may be required in 
these lesions as most infected FLLs showed more rapid 
contrast wash-out than the surrounding liver parenchyma, 
which is similar to malignant lesions[80].

Some other unusual lesions including intrahepatic 
biliary cystadenoma, angiomyolipoma, lipoma, biliary 
epithelial dysplasia, a fungal inflammatory mass, tuber-
culoma, sarcoidosis, solitary necrotic nodules, peliosis 
hepatis, and focal fibrosis after surgery were demon-
strated in CEUS. The benign nature of  some of  these 
lesions was shown as hyper-enhancement during the ar-
terial phase and sustained enhancement during the por-
tal or late phase in CEUS. But some benign lesions (e.g. 
intrahepatic biliary cystadenoma, sarcoidosis) may have 
various enhancing patterns during the arterial phase and 
even hypo-enhancement during the late phase[81].

Insufficiency of CEUS in detection of FLLs
Similar to BUS, CEUS is a dynamic examination that 
depends on the skill of  the sonographers and/or sonolo-
gists, hence the accuracy is often operator-dependent[82]. 
Limited access to certain parts of  the liver (e.g. near 
dome of  diaphragm or far from the abdominal wall), es-
pecially in obese patients, remains a similar problem as in 
BUS. As a general rule, if  BUS is suboptimal, results from 
CEUS may be disappointing[21]. Only a part of  the liver 
can be evaluated in the short arterial phase after adminis-

tration of  the contrast agent. In the presence of  multiple 
FLLs, which are particularly common in cirrhotic liver, 
this may be overcome by using several doses of  contrast 
agent to scan different segments of  the liver[83]. The value 
of  scanning in the late phase after contrast administra-
tion in cirrhotic patients is limited: while the detection of  
an hypo-enhanced lesion in the late phase in a cirrhotic 
patient is very suggestive of  HCC, iso-enhanced HCC is 
not easily detected. Furthermore, due to hemodynamic 
changes in cirrhotic patients with hyperdynamic circula-
tion and shunting, the parenchymal enhancement in the 
late phase may appear heterogeneous and less intense 
than in normal livers, making evaluation difficult[83]. An-
other major limitation is the inability to evaluate the ex-
trahepatic extension of  HCC or other malignant diseases. 
All these insufficiencies may be overcome by combin-
ing CEUS with another dynamic test, such as contrast-
enhanced CT or MRI[83].

CONCLUSION
CEUS can clearly demonstrate the vascular pattern and 
parenchymal contrast in FLLs, hence with CEUS the 
detection rates of  different types of  FLLs are much 
improved compared to BUS, and comparable to CT 
and MRI. CEUS also improves the diagnostic accuracy 
of  FLLs, even for those as small as 1 to 2 cm. The 
significantly improved detection and diagnostic values of  
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Figure 7  Complicated cyst. A: A slightly hypo-echoic lesion (arrow); B: 
CEUS at the portal phase of the lesion shows lack of contrast enhancement 
(arrow), as well as throughout the remaining vascular phases (not shown). 
Some internal non-enhancing debris within the cyst is still appreciable.
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Figure 8  Hepatic abscess. A: An ill-defined lesion with mixed echotexture 
(arrow); B: The image obtained at CEUS in the portal phase better depicts the 
real margins of the lesion (arrows). A thin enhancing septum within the lesion is 
also demonstrated (arrowhead).
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CEUS is particularly relevant in the setting of  liver cirrhosis 
because of  the nodularity of  the liver parenchyma and the 
coexistence of  benign regenerative nodules and malignant 
HCC. This safe, convenient, low cost and non-invasive 
diagnostic modality should be promoted in routine clinical 
practice, especially in cirrhotic patients. Further research 
should explore the role of  CEUS in different clinical 
applications, such as in the HCC surveillance program.
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