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benate dimeglumine (Gd-BOPTA)] (del Frate et al. 
2002), CT arterial portography, and surgical explo-
ration with intraoperative US  (Robinson 2001). 
SPIO-enhanced MR imaging shows a higher sensi-
tivity than iodinated contrast material-enhanced 
CT (99% vs 94%; Ward et al. 1999) in the detection 
of metastatic lesions larger than 1 cm, but its sensi-
tivity has been reported to be much lower in lesions 
smaller than 1 cm (Bellin et al. 1994; Haspigel et 
al. 1995; Ward et al. 1999, 2000a, 2003). del Frate 
et al. (2002) found the sensitivity of SPIO-enhanced 
MR imaging to be superior to that of Gd-BOPTA-
enhanced MR imaging for the detection of liver 
metastases. CT arterial portography is more sen-
sitive than iodinated contrast-enhanced CT and 
SPIO-enhanced MR imaging in detecting metasta-
ses smaller than 1 cm, but it is an invasive imaging 
technique and produces more false positive lesions 
(Soyer et al. 1992; Seneterre et al. 1996; Valls 
et al. 1998). Like CT arterial portography, intra-
operative US has been shown to be very sensitive 
but not specific in the detection of liver metastases 
(Robinson 2001).

Dedicated US contrast-specific techniques have 
shown good accuracy in the detection of liver metas-
tases after microbubble injection (Dalla Palma et 
al. 1999; Harvey et al. 2000a,b; Albrecht et al. 
2001a, 2003a,b; del Frate et al. 2003; Quaia et al. 
2003). The first such agents to be employed for this 
purpose were air-filled microbubbles, such as Levo-
vist and Sonavist (Schering AG, Berlin, Germany). 
After blood pool clearance, air-filled microbubbles 
were shown to have a late liver-specific parenchy-
mal phase from 3 to 5 min after injection. During 
this time microbubbles are stationary in liver and 
are probably pooling in sinusoids or phagocytosed 
by Kupffer cells of the reticuloendothelial system 
(Hauff et al. 1997; Blomley et al. 1998; Bauer et 
al. 1999; Forsberg et al. 1999, 2000a,b, 2002; Quaia 
et al. 2002a). The highest microbubble detectabil-
ity was achieved when the acoustic power of the US 
beam was high enough (mechanical index = 1.0–1.2) 
to destroy microbubbles, producing a transient high-
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12.1 
Detection of Liver Metastases

12.1.1 
Introduction 

The liver is one of the most common sites for meta-
static spread of most malignancies, and the accurate 
assessment of liver metastatic disease is important 
for the planning of surgical, interventional, and 
medical therapy. Baseline gray-scale ultrasound 
(US) is routinely used as the first imaging technique 
in the detection of liver metastases, even though its 
accuracy is related to operator experience. More-
over, the general sensitivity of baseline US in the 
detection of liver metastases ranges between 53% 
and 84% (Cosgrove and Bolondi 1993; Carter et 
al. 1996), while US sensitivity for metastatic lesions 
smaller than 1 cm has been found to be as low as 20% 
(Wernecke et al. 1991). Most metastatic lesions 
missed on baseline US are either smaller than 1 cm 
or isoechoic relative to adjacent liver parenchyma. 

The best available reference standards for imaging 
diagnosis of liver metastases are computed tomog-
raphy (CT) and magnetic resonance (MR) imaging 
with agents targeted to Kupffer cells [superpara-
magnetic iron oxide (SPIO)] or hepatocytes [gado-
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intensity wideband frequency signal (Dalla Palma 
et al. 1999a; Quaia et al. 2003). During the late phase 
the normal liver parenchyma displays clear uptake 
of air-filled microbubbles, while metastatic lesions, 
which are devoid of liver sinusoids and Kupffer cells, 
appear as hypoechoic and hypovascular defects 
compared to the adjacent liver. 

New generation sulfur hexafluoride-filled micro-
bubbles (Albrecht et al. 2003b) without proven 
liver-specific properties (Lim et al. 2004), such as 
SonoVue (Bracco, Milan, Italy), or perfluorocarbon-
filled microbubbles with proven liver-specific prop-
erties, such as Sonazoid (Amersham Health, Oslo, 
Norway) (Needlman et al. 1998; Albrecht et al. 
2001b; Forsberg et al. 2002b; Lesavre et al. 2003; 
Kindberg et al. 2003; Watanabe et al. 2003), have 
shown promise for the detection of liver metasta-
ses. In particular, the liver specificity of Sonazoid is 
similar to that of Levovist, but it shows stronger and 
more prolonged liver enhancement, which has obvi-
ous advantages in terms of both longer scanning 
opportunity and performance of US-guided biopsy 
of detected lesions (Albrecht et al. 2003a). 

12.1.2 
Scanning Modes

a) High acoustic power mode. High acoustic power 
insonation was the first mode employed to detect 
liver metastases after microbubble-based agent 
injection. 

Dedicated contrast-specific US techniques are 
employed from 3 to 5 min after the injection of air-
filled microbubbles during the liver-specific late 
phase (Blomley et al. 1998, 1999; Dalla Palma 
et al. 1999; Hope Simpson et al. 1999; Harvey et 
al. 2000a,b; Albrecht et al. 2001a,b, 2003a,b; del 
Frate et al. 2003; Lesavre et al. 2003; Quaia et al. 
2003). The aim of high acoustic power insonation is 
to cause extensive microbubble rupture throughout 
the liver parenchyma, with production of a wide-
band frequency signal. Because of the transience of 
contrast enhancement due to microbubble destruc-
tion (Albrecht et al. 2000), the scanning technique 
has to be optimized to image fresh, undestroyed 
microbubbles with each new frame (Albrecht et al. 
2003a). Moreover, since the whole liver parenchyma 
has to be assessed when investigating the possible 
presence of liver metastases, the insonation has to 
be continuous instead of intermittent, as in the char-
acterization of focal liver lesions. For these reasons 
it is appropriate to transmit the maximal acoustic 

power (mechanical index >1), switching off the 
signal persistence and employing the lowest possible 
frame rate (8–10 Hz) and a single focal zone posi-
tioned in the deep third of the field of view (8–10 cm 
from abdominal surface) in order to minimize and 
to render more homogeneous the rupture of micro-
bubbles. 

Scanning is started from 3 to 5 min after micro-
bubble bolus injection by using a dedicated contrast-
specific mode (e.g., Pulse Inversion Mode from Phil-
ips-ATL, WA, USA or Agent Detection Imaging from 
Siemens-Acuson, CA, USA). Scanning of the liver 
parenchyma is performed, during breath-hold, by 
one or two transverse sweeps throughout the right 
liver lobe, and with one longitudinal sweep on the 
left lobe (Fig. 12.1). Microbubble rupture may pro-
duce heterogeneous contrast enhancement in the 
case of irregular free-hand scanning, with evidence 
of artifacts which may simulate focal liver lesions. 
After the sweeps have been completed, each stored 
digital cine-clip has to be reviewed to detect liver 
metastases appearing as hypovascular focal liver 
lesions against the background of enhancing normal 
liver parenchyma.

b) Low acoustic power mode. The low acoustic 
power insonation mode is employed with new-gen-
eration microbubble-based agents. Since microbub-
ble rupture is minimized with low acoustic power 
insonation, the liver parenchyma may be scanned 

Fig. 12.1. Suggested scanning planes of the liver using the 
high acoustic power mode to detect focal liver lesions. The 
right liver is scanned in the transverse plane by one or two 
continuous sweeps, while the left liver is scanned in the longi-
tudinal plane by one continuous sweep. If low acoustic power 
insonation is employed, the liver may be scanned on every 
plane since microbubble rupture is minimized.
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continuously during the arterial (10–35 s), portal 
(40–90 s), and late (95–120 s from injection) phases, 
with multiple sweeps. 

The low acoustic power mode presents several 
advantages in comparison with high acoustic power. 
First, it is easier to perform since the same region of the 
liver may be scanned more times due to the minimi-
zation of microbubble rupture. Second, more acoustic 
views (i.e., intercostal views) may be employed without 
evidence of significant artifacts, except for posterior 
acoustic shadowing of ribs. Third, the suppression of 
background signal from native stationary tissues is 
complete and the harmonic signal is produced almost 
completely from microbubble resonance. 

12.1.3 
Clinical Results 

a) Comparison with baseline gray-scale US. In the 
comparative series with the largest patient num-
bers (Albrecht et al. 2001a, 2003a; Quaia et al. 
2003), high acoustic power insonation was employed 
after air-filled microbubble injection. In these stud-
ies, contrast-enhanced US significantly improved 
(Figs. 12.2–12.4) the detection of liver metastases 
(from 47% to 56%) in comparison with baseline 
scan, and there was an improvement in sensitivity 
from 63–71% to 87–91%. 

These results were achieved through the improved 
conspicuity (visibility) of metastatic lesions 
(Figs. 12.5, 12.6). In fact, during the late liver-spe-
cific phase, microbubbles spare metastases, which 
appear as hypovascular defects, while being selec-

tively taken up by the adjacent liver parenchyma 
(Figs. 12.7, 12.8). 

In livers containing metastases and appearing het-
erogeneous on baseline US, contrast-enhanced US 
reveals multiple (>5) metastatic lesions (Fig. 12.9). 
This is because even in the presence of extensive 
metastatic liver involvement, microbubbles accu-
mulate in the interposed normal liver parenchyma, 
thereby increasing the visibility of metastases. 

Additional metastatic liver lesions, identified 
after the injection of microbubble-based agents 
(Figs. 12.2–12.4, 12.8), usually measure less than 
1 cm in diameter and are localized in the middle or 
anterior segment of the liver. 

Contrast-enhanced US is most effective in detect-
ing liver metastases in patients in whom metastases 
have already been identified on baseline US. On the 
other hand, in a study by Quaia et al. (2003), a small 
number of patients without evidence of metastatic 
liver lesions on the baseline scan were found to have 
one or more metastatic lesions after microbubble 
injection. Based on these results it seems reason-
able to propose the employment of baseline US in 
patient follow-up after surgery, since state of the art 
US equipment with wideband transducers is suffi-
ciently accurate in detecting liver metastases at the 
screening level. Contrast-enhanced US should be 
proposed in patients who show from one to five focal 
liver lesions suspected of being metastases on base-
line US, the aim being to reveal additional metastatic 
lesions and to permit selection of the most suitable 
therapeutic approach (surgery, radiofrequency or 
palliative treatment if more than five metastatic 
lesions are identified; Robinson 2001).

Fig. 12.2a,b. Appearance of metastatic lesions in the late phase, 4 min after the injection of air-fi lled microbubbles, with high 
acoustic power insonation. The metastases appear as hypoechoic defects (arrows) in the enhancing liver.

a b
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Fig. 12.3a–d. Appearance of metastatic lesions in the late phase, 110 s after the injection of sulfur hexafl uoride-fi lled microbub-
bles, with low acoustic power insonation. The metastases appear as hypoechoic, hypovascular defects (arrows) in the normally 
enhancing adjacent liver.

a b

c d

Fig. 12.4. a,b Heterogeneous appearance of the liver on baseline US. c,d Multiple metastases appear as hypoechoic defects 
(arrows) in the normally enhancing adjacent liver on contrast-enhanced US, 120 s after the injection of sulfur hexafl uoride-fi lled 
microbubbles, with low acoustic power insonation.

a

c

b

d
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Fig. 12.5a,b. Improved metastatic lesion conspicuity on contrast-enhanced US in comparison with the baseline scan. High acous-
tic power mode after the injection of air-fi lled microbubbles. On baseline US (a) the metastatic lesion (arrows) is barely visible. 
The contrast between the metastatic lesion and the adjacent liver was clearly improved after microbubble injection (b). 

a b

Fig. 12.6a,b. Improved metastatic lesion conspicuity on contrast-enhanced US (b) in comparison with the baseline scan (a). Low 
acoustic power mode after sulfur hexafl uoride-fi lled microbubble injection. On baseline US (a) the metastatic lesion (arrows) 
presents a peripheral hypoechoic halo. The contrast between the metastatic lesion and the adjacent liver was clearly improved 
after microbubble injection (b). 

ba

b) Comparison with contrast-enhanced CT. Con-
trast-enhanced CT has been considered the reference 
standard in most of the published series (Quaia et 
al. 2003), sometimes with the addition of gadolin-
ium-enhanced MR imaging (Albrecht et al. 2001a, 
2003a). Nevertheless, contrast-enhanced CT cannot 
be considered a perfect tool for the detection of liver 
metastases (Robinson 2001). 

Contrast-enhanced US shows a similar accuracy to 
contrast-enhanced CT in the detection of liver metas-

tases (Fig. 12.10). A more important finding is that 
the additional metastatic lesions identified by con-
trast-enhanced US are predominantly less than a cen-
timeter in diameter (Fig. 12.11) (Dalla Palma et al. 
1999; Harvey et al. 2000a,b; Albrecht et al. 2001a; 
del Frate et al. 2003; Quaia et al. 2003). Moreover, 
the additionally detected liver metastases are mainly 
located in the middle and anterior segments of the 
liver (Fig. 12.12), since the contrast enhancement 
after the injection of microbubble-based agents is 
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Fig. 12.7a,b. Improved lesion detection by contrast-enhanced US in comparison with the baseline scan. High acoustic power mode 
after the injection of air-fi lled microbubbles. Two focal liver lesions (arrows) are identifi ed on the baseline scan (a). An additional 
focal liver lesion (arrowhead) is identifi ed in the liver segment close to the diaphragm after microbubble injection (b).

a b

Fig. 12.8a,b. Improved lesion detection by contrast-enhanced US in comparison with the baseline scan. High acoustic power 
mode after air-fi lled microbubble injection. Only one metastatic lesion (arrow) can be identifi ed on the baseline scan (a), while 
contrast-enhanced US (b) reveals multiple metastatic lesions.

a b
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Fig. 12.9a,b. Improved detection of metastatic lesions by contrast-enhanced US (b) in comparison with baseline US (a). High 
acoustic power mode after air-fi lled microbubble injection. A heterogeneous appearance of liver parenchyma is identifi ed on 
the baseline scan (a). Multiple metastatic lesions are identifi ed after microbubble injection in the late phase (b).

a b

Fig. 12.10a,b. Similar accuracy of contrast-enhanced US and contrast-enhanced CT in the detection of metastatic lesions. Two 
liver metastases (arrows) are identifi ed on contrast-enhanced US (a) and confi rmed on contrast-enhanced CT (b). High acoustic 
power mode after air-fi lled microbubble injection. 

a b



174 E. Quaia, M. Ukmar, and M. Cova

Fig. 12.11a–e. Improved detection 
of metastatic lesions by contrast-
enhanced US in comparison with 
contrast-enhanced CT. a Con-
trast-enhanced US after injec-
tion of air-fi lled microbubbles, 
employing high acoustic power. 
Multiple tiny metastatic lesions 
(arrows) are identifi ed. b–e Con-
trast-enhanced CT does not iden-
tify clearly any lesion in the liver 
parenchyma, while it reveals a 
suprarenal and vertebral metas-
tases (arrows). 

a

b c

d e
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most intense above the focal zone (Albrecht et al. 
2000), where the intensity of the beam is higher and 
the microbubble destruction more extensive.

Contrast-enhanced US does, however, have clear 
limitations in the detection of liver metastases in 
liver segments close to the diaphragm and inferior 
vena cava (Fig. 12.13) (Quaia et al. 2003) and in liver 
regions hidden by the posterior acoustic shadowing 
from the bowel gas (Fig. 12.14). The limited value 
of contrast-enhanced US in the assessment of deep 
liver segments is principally due to the deep position 
of the focal zone, which prevents homogeneous and 

effective bubble rupture throughout liver paren-
chyma. In fact, even though the deep liver segments 
are near the focal zone, these segments are the most 
difficult to assess by contrast-enhanced US since the 
broadband signal from microbubble destruction is 
extensively attenuated by superficial planes. 

c) Comparison with Gd-enhanced or SPIO-enhanced 
MR. MR imaging has become an important tool in 
clinical liver imaging thanks to the introduction 
of faster imaging techniques. The advent of liver-
specific MR imaging contrast materials, which are 

Fig. 12.12a,b. Improved detection of metastatic lesions by contrast-enhanced US in comparison with contrast-enhanced CT. 
Contrast-enhanced US (a) after the injection of air-fi lled microbubbles, with high acoustic power. A single metastasis is identi-
fi ed in the anterior region of the left liver lobe. This lesion (arrow) was identifi ed only retrospectively on contrast material-
enhanced CT (b). 

a b

Fig. 12.13a,b. Improved lesion detection on contrast-enhanced CT in comparison with contrast-enhanced US. A single, very 
deeply located metastatic lesion (arrows) is seen on contrast-enhanced CT (a), while contrast-enhanced US (high acoustic power 
mode after air-fi lled microbubble injection) (b) does not identify any lesion.

a b
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agents targeted at the enhancement of hepatocytes 
or Kupffer cells, has facilitated an increase in the 
accuracy of MR imaging in liver metastasis detection 
(del Frate et al. 2002). In series with Gd-BOPTA- 
(Mosconi et al. 2003) or SPIO-enhanced MR (del 
Frate et al. 2003) as the reference standards, similar 
results were observed to those using CT as the refer-

Fig. 12.14a,b. Improved lesion detection on contrast-enhanced CT in comparison with contrast-enhanced US. a Contrast-
enhanced US was performed employing the high acoustic power mode after air-fi lled microbubble injection. No lesion is 
identifi ed in the liver. b Contrast-enhanced CT during the portal phase. A single metastatic lesion (arrows) is identifi ed behind 
the stomach.

a b

ence standard, with similar limitations for contrast-
enhanced US (Figs. 12.15–12.18). 

d) Contrast-enhanced intraoperative US. Dedicated 
intraoperative US transducers equipped with con-
trast-specific US modes are available and may be 
employed after microbubble injection to improve the 

Fig. 12.15a–c. Similar accuracy of contrast-enhanced US and 
Gd-BOPTA-enhanced MR imaging during the delayed phase 
in the detection of metastatic lesions. A single metastatic 
lesion (arrow) is identifi ed on both baseline (a) and contrast-
enhanced US (b) and is confi rmed on contrast-enhanced MR 
imaging (c) 1 h after Gd-BOPTA injection.

a

b

c
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Fig. 12.17a–c. Poorer lesion detection on contrast-enhanced US compared 
to Gd-BOPTA-enhanced MR imaging during the delayed phase in the detec-
tion of metastatic lesions. A single metastatic lesion (arrow) is identifi ed by 
contrast-enhanced US (a) and is confi rmed on contrast-enhanced MR imag-
ing (b), performed 1 h after Gd-BOPTA injection. Contrast-enhanced MR 
(c) imaging reveals an additional lesion (arrow) not detected by contrast-
enhanced US.

a
b

c

Fig. 12.16a–d. Improved lesion detection by contrast-enhanced US in comparison with Gd-BOPTA-enhanced MR imaging in 
the delayed phase.  a, b A single metastatic lesion (arrow) is identifi ed by baseline US (a), while contrast-enhanced US (high 
acoustic power mode after air-fi lled microbubble injection) (b) identifi es one additional lesion. c, d Contrast-enhanced MR 
imaging performed 1 h after Gd-BOPTA injection confi rms only the fi rst lesion (arrow).

a b

c d
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detection of liver metastases (Fig. 12.19). Intraopera-
tive US allows placement of the transducer directly 
at the liver surface, avoiding the limitations due to 
bowel gas interposition or a large body habitus. This 
further improves liver metastasis detection as com-
pared to transabdominal contrast-enhanced US. 

e) Limitations of contrast-enhanced US. The real 
advantage of contrast-enhanced US in the detection 
of liver metastases is evident in patients with optimal 
visibility of the liver parenchyma. Contrast-enhanced 
US has the same limitations as conventional US when 
there is bowel gas interposition or when the patient 
has a large body habitus (Quaia et al. 2003). The 
effectiveness of contrast-enhanced US is also limited 
in patients with steatotic or cirrhotic liver parenchyma: 
it is in such patients that the lowest liver parenchyma 
enhancement and the poorest visibility of metastases 
has been observed (Quaia et al. 2003). This is because 
in such patients the liver parenchyma appears dif-
fusely hyperechoic even on baseline US and contrast 
enhancement is difficult to visualize. This limitation is 
overcome by low acoustic power insonation with new-
generation perfluorocarbon- or sulfur hexafluoride-
filled microbubbles, which allow good suppression of 
the background from stationary tissues. 

The second important limitation of contrast-
enhanced US is the possibility of false positive find-
ings, corresponding to lesions which are not actually 
present and not confirmed by the reference standards 
(Quaia et al. 2003). Moreover, some benign focal liver 
lesions, such as atypical sclerotic liver hemangioma 
and focal fatty changes, may simulate liver metasta-
ses on contrast-enhanced US (Fig. 12.20) since they 
sometimes appear as hypovascular defects in the liver-
specific late phase (Bertolotto et al. 2000; Quaia et 
al. 2002a, 2003); this is especially true for hemangio-
mas that present a thrombotic pattern or focal fatty 
changes with a predominant fat component. In addi-
tion, artifacts from heterogeneous microbubble rup-
ture appear as hypovascular echoic focal zones and 
may simulate focal liver lesions on contrast-enhanced 
US (Fig. 12.21) (Quaia et al. 2003).

12.2 
Detection of Hepatocellular Carcinoma

In chronic diffuse liver disease, macroregenerative 
nodules and hepatocellular carcinomas are the most 
characteristic and frequently observed focal liver 

Fig. 12.18a–d. Poorer lesion detection on contrast-enhanced US in comparison with Gd-BOPTA-enhanced MR in the delayed 
phase.  A single metastatic lesion (arrow) is identifi ed by contrast-enhanced US in the high acoustic power mode after air-fi lled 
microbubble injection (a), while contrast-enhanced MR, performed 1 h after Gd-BOPTA injection, confi rms the previous lesion 
(b) and reveals multiple additional tiny lesions (c, d; arrows) 

a b

c d
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Fig. 12.19. a Baseline intraoperative US identifi es one liver metastasis (arrow). b–d Dedicated intraoperative US transducer 
equipped with contrast-specifi c modes; images obtained 90 s after microbubble-based agent injection. The liver metastatic 
lesion (arrow) identifi ed by baseline US is confi rmed after microbubble-based agent injection (b). Further subcentimeter meta-
static lesions (arrows) are identifi ed after microbubble injection (c, d). Courtesy of Dr. Roberta Padovan, Aloka, Japan.

a b

c d

lesions (Baron and Peterson 2001), while heman-
giomas and focal nodular hyperplasia are occasion-
ally observed. Each focal liver lesion identified in a 
cirrhotic patient has to be considered a hepatocel-
lular carcinoma until proven otherwise. The detec-
tion of hepatocellular carcinoma in patients with 
cirrhosis has been considered a technical challenge 
(Laghi et al. 2003) because cirrhosis alters both liver 
parenchymal characteristics (through fibrosis, the 
development of regenerative nodules, and fatty infil-
tration) and vascularization (through portal hyper-
tension and the creation of arterial–portal venous 
shunts). 

a) Detection by baseline US. The detection of hepa-
tocellular carcinoma by baseline US is related to 
the size, echogenicity, and location of lesions and 
to the experience of the sonologist. Baseline US 
has a detection rate from 46% to 95% for lesions 
smaller than 2 cm (Takayasu et al. 1990; Harvey 
and Albrecht 2001a; Solbiati et al. 2001) and from 

13% to 37% for lesions smaller than 1 cm (Solbiati 
et al. 2001). The highest detection rates are achieved 
for hypoechoic lesions with a peripheral halo and 
the lowest rates for hyperechoic lesions without a 
peripheral halo. Multifocality is very frequent in 
hepatocellular carcinoma, occurring in about 80% 
of patients (Solbiati et al. 2001). The low sensitivity 
of baseline US is principally caused by the presence 
of heterogeneous and attenuating liver echotexture 
due to cirrhotic distortion and focal fibrosis. 

b) Detection by cross-sectional imaging techniques. 
The reported sensitivity in the detection of hepato-
cellular carcinomas smaller than 3 cm is 46–88% 
for contrast-enhanced multiphase CT, 61–81% for 
angiography, 86–91% for CT arterial portography, 
71–96% for iodized oil CT, and 94–96% for intraop-
erative US (Choi et al. 1989, 1991; Takayasu et al. 
1990; Solbiati et al. 2001; Laghi et al. 2003).  

The principal reason for the limited sensitivity of 
CT is the presence of cirrhotic distortion and focal 
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Fig. 12.20a–d. False positive fi ndings of contrast-enhanced US. High acoustic power mode after air-fi lled microbubble injection. 
A focal liver lesion (arrow) appears hypoechoic on contrast-enhanced US during the late phase (a, b) and was considered to 
be a metastasis. US-guided biopsy revealed a sclerotic hemangioma which appeared unchanged at follow-up, also performed 
by contrast-enhanced US (c, d). 

a b

c d

Fig. 12.21a–c. False positive fi ndings of contrast-enhanced US. A focal liver lesion (arrow) that was deeply located and hypoechoic on 
contrast (Levovist)-enhanced US during the late phase (a) was considered to represent a metastasis. Contrast-enhanced CT (b) and 
intraoperative US (c) did not confi rm this fi nding, which was considered an artifact due to heterogeneous microbubble rupture.

a b c
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fibrosis, leading to heterogeneous contrast enhance-
ment in the liver parenchyma. Focal liver lesions may 
be simulated by wedge-shaped areas that are widest 
at the capsular surface and are frequently associated 
with liver parenchymal atrophy and capsular retrac-
tion. The differentiation from real focal liver lesions 
is further hindered by the fact that focal liver fibrosis 
may display enhancement on contrast-enhanced CT 
(Baron and Peterson 2001). Moreover, besides cir-
rhotic distortion of liver parenchyma and focal fibro-
sis, other types of focal liver parenchymal or vascu-
lar abnormalities may simulate focal liver lesions. In 
fact, it was shown that approximately one-third of 
the false positive diagnoses of hepatocellular carci-
noma made with screening contrast-enhanced CT in 
a large transplantation series were due to enhancing 
vascular lesions, such as hemangioma, small arterio-
venous shunts, and pseudoaneurysms (Baron and 
Peterson 2001).

New diagnostic procedures, such as single- or 
double-contrast, Gd- and/or SPIO-enhanced MR 
imaging, have been reported to offer good diagnostic 
confidence and sensitivity in the detection of hepa-

tocellular carcinoma (Yamashita et al. 1996; Ward 
et al. 2000a,b, 2003; Pauleit et al. 2002; Kang et al. 
2003; Teefey et al. 2003), with a lower percentage of 
false positive findings. 

c) Detection by contrast-enhanced US. Since cir-
rhotic liver parenchyma shows diffusely hetero-
geneous contrast enhancement after microbubble 
injection due to the fibrotic component (Quaia et 
al. 2002c), contrast-enhanced US cannot be con-
sidered a reliable method for the detection of focal 
liver lesions in cirrhotic patients. The heterogeneous 
contrast enhancement due to fibrotic changes may 
simulate multiple focal liver lesions (Fig. 12.22). Per-
sistent microbubble uptake during the late phase 
in some hepatocellular carcinoma nodules makes 
detection even more difficult (Quaia et al. 2002c, 
2004). The performance of contrast-enhanced 
US is better in hepatocellular carcinoma nodules 
with a hypovascular appearance in the late phase 
(Figs. 12.23, 12.24).

The low acoustic power mode with new-genera-
tion microbubble-based contrast agents seems to 

Fig. 12.22a–d. False positive fi ndings of contrast-enhanced US in the cirrhotic liver during the late phase following air-fi lled 
microbubble injection. The diffusely heterogeneous contrast enhancement in the cirrhotic liver parenchyma simulates multiple 
focal liver lesions (arrows). The hypoechoic regions in the liver parenchyma are instead due to focal fi brotic changes. 

a b

c d
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Fig. 12.23a,b. Improved hepatocellular carcinoma detection by contrast-enhanced US in comparison with the baseline US scan. 
High acoustic power mode after air-fi lled microbubble injection. One focal liver lesion (arrows) is identifi ed on the baseline 
scan (a). Two additional tiny focal liver lesions (arrowheads) are identifi ed in the liver after microbubble injection (b).

a b

Fig. 12.24a,b. Evidence of multifocal hepatocellular carcinoma in the late phase, 4 min after air-fi lled microbubble injection 
and high acoustic power insonation. Multiple hypovascular lesions (arrows) are identifi ed in the liver parenchyma. . Courtesy 
of Prof. M.J.K. Blomley, London, UK.

a b

have improved the detection of hepatocellular car-
cinomas, primarily because it allows assessment of 
the liver parenchyma during each dynamic phase 
(Solbiati et al. 2000, 2001). Assessment should be 
performed both during the arterial phase to improve 
the detection of hypervascular lesions and during 
the late phase to enhance the detection of hepatocel-
lular carcinomas that have a hypoechoic appearance 
in this phase (Fig. 12.25).

12.3 
When Should Microbubble-Based Agents 
Be Employed?

Microbubble-based agents have been found to be 
very effective in facilitating the detection of liver 
metastases, especially subcentimeter lesions (Dalla 
Palma et al. 1999; Harvey et al. 2000a,b; Albrecht 
et al. 2001a; del Frate et al. 2003; Quaia et al. 
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2003). Nevertheless, contrast-enhanced US has the 
same limitations as baseline US for the evaluation of 
liver parenchyma in patients with high-grade liver 
steatosis, a large body habitus, or interposing bowel 
gas. For these reasons, microbubble-based agents 
should be employed only in patients with a satisfac-
tory liver parenchyma assessment at baseline US. 

Moreover, since contrast-enhanced US has been 
found useful in identifying additional liver metas-
tases in patients with one to three lesions, suspi-
cious lesions, or heterogeneous liver parenchyma 
on baseline US (Quaia et al. 2003), microbubbles 
should not be employed in patients with a normal 
liver parenchyma on baseline US. Nowadays, state 
of the art US equipment allows reliable assessment 
of liver parenchyma on the baseline scan, includ-
ing with the aid of speckle-reducing techniques 
such as tissue harmonic and compound imaging. 
Patients who are positive for or are suspected of 
having liver metastases at baseline US can be accu-
rately assessed after microbubble injection. This 
technique can assist in the decision on whether 
to employ conservative or palliative treatment, 
depending on whether fewer or more than five 
metastases are detected. 

Fig. 12.25a–d. Evidence of multifocal hepatocellular carcinoma in the late phase, 90 s after the injection of sulfur hexafl uoride-
fi lled microbubbles, with low acoustic power insonation. Single hepatocellular carcinoma nodules appear as hypoechoic defects 
(arrows) in the enhancing adjacent cirrhotic liver parenchyma.

a b

c d
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