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Contrast ultrasound: A new modality for abdominal imaging
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Introduction

The liver has several features that make it a common
site for metastases from malignancies of other organs.
These are the dual blood supply via the portal vein and
the hepatic artery, the high volume of blood flow (about
a quarter of the cardiac output), the microscopic vascu-
lar anatomy which favours tumour cell trapping, and the
major role that the liver plays in metabolism that pro-
vides an ideal environment for rapid growth [1]. There-
fore, in 25-50% patients with a known malignancy, liver
metastases are found at the time of diagnosis with de-
creasing frequency in colon, gastric, pancreatic, breast
and lung cancer [2].

Accurate and timely detection of hepatic metastases
is very important because of the far-reaching therapeu-
tic and prognostic implications. Especially after the re-
cent improvements in liver resection and thermoabla-
tion of metastases from colorectal carcinoma, liver
imaging has become more demanding. Accurate assess-
ment of the number, size and segmental location of liver
metastases is required for treatment planning and so as
to identify patients that are suitable for surgical or inter-
ventional therapy.

Besides metastases, there are a number of other,
mainly benign, types of focal liver lesions which have to
be differentiated from metastases. Benign liver lesions
are very common: their prevalence has been reported to
be more than 20% in non-selected autopsy series [3, 4].
As a consequence of this, in patients with extrahepatic
malignancy, about 50% of solid lesions smaller than 2
cm are benign [5, 6]. The most common benign liver le-
sions are simple cysts, but they are usually easily recog-
nised as such by imaging. More challenging is the char-
acterisation of common solid lesions such as haeman-
giomas, focal nodular hyperplasia (FNH) and focal fatty
change/sparing. Adenomas are much rarer and occur al-
most exclusively in patients on sex hormone medication.
Other rare but relevant benign lesions include focal he-

patic infections: pyogenic, parasitic or fungal abscesses.
Furthermore, there is a worldwide increase in primary
malignant liver lesions, namely hepatocellular carcino-
mas (HCC), of which 80% are associated with cirrhosis
and/or chronic viral hepatitis [3], and this is an impor-
tant differential diagnostic clue. Other primary malig-
nant liver lesions such as cholangiocarcinoma are much
rarer.

The cross-sectional imaging methods used for liver
imaging (computed tomography) (CT), magnetic reso-
nance imaging (MRI) and grey-scale ultrasound (US)
are based on assessment of lesion morphology. The use
of contrast agents increases both sensitivity and specifici-
ty of lesion detection considerably and provides crucial
additional information about the dynamic contrast be-
haviour for lesion characterisation. In contrast to CT and
MRI, US is inexpensive and widely available with no ra-
diation exposure and good patient acceptance. US is
therefore often the first-line investigation for hepatic
screening of cancer patients. However, mainly due to a
lack of contrast agents, US used to be less sensitive and
less specific compared with CT and MRI [7], even when
recent sonographic techniques such as tissue harmonic
imaging were used [8-11]. These limitations have been
overcome with the advent of US contrast agents and new
contrast-specific imaging techniques such as pulse or
phase inversion imaging, and in some cases contrast-en-
hanced sonography now has the edge over other imaging
modalities.

Microbubble contrast agents for liver imaging

The most important recent developments for US of the
liver have been in the field of contrast agents, including
both the different kinds of contrast agents with their in-
dividual properties and contrast-specific imaging tech-
niques. The advent of the first microbubble US contrast
agents was in the mid-1990s, which was relatively late
compared to CT and MRI.
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In the late 1990s, high-mechanical-index (MI) US
techniques were used for contrast-enhanced US
(CEUS) of the liver, mainly using the air-based agent
Levovist (Schering AG, Berlin, Germany). This led to a
considerable improvement of lesion detection and char-
acterisation compared with unenhanced US. Sensitivity
in detecting liver metastases with high-MI CEUS has
been shown to be similar to dual-phase spiral CT [12].
High-MI techniques rely on microbubble destruction,
which is necessary for clinically useful enhancement
when air-based agents are used. The technique is limit-
ed by the extreme transience of the contrast enhance-
ment. It does not permit continuous imaging during
contrast enhancement and instead requires special
scanning techniques such as rapid sweeping and cine
loop review or intermittent imaging for maximum ex-
ploitation of the contrast effect. These techniques are
somewhat cumbersome and they counteract the real-
time nature of US.

More recent microbubble agents use other gases
than air, mainly perfluor chemicals. Their major advan-
tage is a much lower water solubility and thus a much
higher stability in the blood pool. They are strong har-
monic reflectors even at low MI, when only minimal
microbubble destruction occurs. This means that they
provide strong and continuous signal enhancement on
low-MI contrast-specific US, permitting continuous
imaging of the liver for several minutes after their in-
jection.

SonoVue (Bracco, Italy) was the first of these agents
and so far the only one to be licensed for liver imaging in
Europe. It consists of sulphorhexafloride microbubbles
surrounded by a thin layer of phospholipid and palmitic
acid, which allows the bubbles to withstand several pass-
es through the pulmonary capillaries. Like all microbub-
bles and unlike contrast material for CT and MRI,
SonoVue is a blood pool agent that remains in the in-
travascular fluid compartment and does not leak into
the interstitium. The size of the microbubbles is less
than 8 um, which ensures that there is no embolisation
of capillaries.

In the liver, SonoVue is used for dynamic real-time
imaging during the arterial, portal venous and delayed
phase. The delayed phase is a particular property of sev-
eral US contrast agents, during which the microbubbles
pool in the liver sinusoids (the precise reason for this
phenomenon remains unclear). It begins approximately
2 min after injection and persists for about 3 min. It is
particularly useful for detection of metastases, since the
delayed phase enhancement invariably spares metas-
tases and thus increases liver-to-lesion contrast and im-
proves their detection. The delayed phase of SonoVue is
fundamentally different from the “equilibrium phase”
of non-specific contrast agents for CT and MRI. Instead,
it is comparable to delayed imaging with liver-specific
agents for MRI.

Clinical use of SonoVue for imaging of liver metastases
Examination technique

Prior to contrast injection, a detailed unenhanced base-
line examination of the liver is performed. This includes
the use of tissue harmonic imaging and power Doppler
to assess lesion vascularity. The baseline images are
used to assess the hepatic anatomy and any masses, in-
cluding cysts, typical haemangiomas and any solid mass-
es that might be metastases. Baseline images are the ba-
sis for planning the contrast-enhanced scan, and the
findings of both parts of the examination are interpreted
together.

SonoVue is injected intravenously followed by a 10-
ml normal saline flush. The typical dose is 2.4 ml; if nec-
essary two further injections and/or a dose of 4.8 ml can
be administered. It is mandatory to use contrast-specific
imaging modes for post-contrast scanning. The acoustic
output of the US system has to be controlled carefully
by the operator: Best results are usually obtained at an
MI of 0.1-0.2 and it should not exceed 0.3, as this would
result in considerable bubble destruction and reduction
of the contrast effect.

If solid lesions are already present on the baseline
scan, one or several of these will be selected for arterial
phase imaging. The imaging plane should be selected in
such a way that as many lesions as possible are covered
during the arterial phase. Sweeping through the liver
during the arterial phase may be required to cover sev-
eral lesions. This can be technically demanding, since
the arterial phase lasts only until approximately 30 s af-
ter injection. In most cases it is, however, sufficient to
study one solitary or representative lesion in the arterial
phase.

The portal venous phase (30 s to 2 min) and the de-
layed phase (2-5 min) are much longer. During these
phases, the entire liver is continuously surveyed in mul-
tiple planes in a similar way to routine unenhanced scan-
ning.

For image documentation, representative digital
movie clips of the relevant parts of the liver are record-
ed during all three phases. Alternatively, still images can
be obtained. Review of the recorded clips or of the cine
loop after completion of the examination is often very
helpful for comprehensive assessment of the liver with-
out time constraints.

Dynamic imaging features of metastases

Metastases show characteristic features in all three
phases after contrast injection (Figs. 1-3). In the arterial
phase the appearances are twofold: hypovascular metas-
tases appear as hyporeflective lesions usually with a typ-
ical rim enhancement of varying size, while hypervascu-
lar deposits appear as brightly enhancing hyper-reflec-
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Fig. 1. Schematic display of the dynam-
Arterial PV Delayed ic enhancement of hypo- and hypervas-
cular metastases after SonoVue during
the arterial, portal venous and delayed
phase

Hypovascular

Hypervascular

Fig. 2a-e. Hepatic metastases from nasopha-
ryngeal carcinoma. a Baseline US using tis-
sue harmonic imaging shows two nearly isoe-
choic lesions measuring 4 and 5 cm respec-
tively (arrowheads). b In the arterial phase
after SonoVue, the lesions become hypoe-
choic with peripheral rim enhancement (ar-
rowheads). At least two additional such le-
sions are revealed in the mid and far field. ¢
In the delayed phase, the lesions are homo-
geneously hypoechoic against the enhancing
normal liver tissue. The lesion margins are
now very sharp. A total of five metastases
are seen in the delayed phase. d, e CT con-
firms the presence of five metastases

b [

Fig. 3a-c. Hypervascular metastasis of thyroid carcinoma. a Baseline grey-scale image with a hypoechoic lesion. b During the arterial
phase, 20 s p.i. of SonoVue, the lesion shows a homogeneous enhancement while the liver parenchyma remains almost not visible. ¢ De-
layed phase image (4:50 min p.i.) with enhancement of liver parenchyma and a contrast defect caused by the metastasis
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Fig. 4a-c. Patient with colorectal carcinoma. a Baseline US shows an almost isoechoic lesion in segment VI measuring 1.5 cm. b In the
delayed phase after SonoVue (2.5 min) the metastasis appears as a typical enhancement defect and is much more visible. A second
metastasis of 2 cm is now detected in segment V. ¢ Spiral CT examination in portal venous phase (150 ml Iohexol 300) confirms the

presence of the two metastases

tive and homogeneous lesions. At the beginning of the
portal venous phase, the (rim) enhancement fades and
the entire lesion becomes increasingly hyporeflective. In
the delayed phase both hypo- and hypervascular metas-
tases invariably appear as dark enhancement defects
while the enhancement persists in normal liver
parenchyma. During this phase the lesions are usually
particularly well defined often with sharp, “punched
out” borders. Both portal venous and delayed phase
imaging markedly increase the contrast between the en-
hancing normal liver and the non-enhancing metastases
and thus improve detection, especially of small lesions
or lesions that are isoechoic on baseline US (Figs. 2, 4).

Dynamic features of benign lesions

As discussed in the previous section, solid benign liver
lesions are very common. It is therefore of utmost im-
portance to differentiate these from metastases in can-
cer patients. Fortunately, all common solid benign liver
lesions have characteristic dynamic imaging features on
contrast-enhanced CT and their diagnosis is thus usually

Arterial PV Delayed

Fig. 5. Schematic display of the dynamic enhancement of hae-
mangiomas after SonoVue during the arterial, portal venous and
delayed phase

unproblematic. Most of these features are analogous to
those of dynamic CT and MRI.

Haemangiomas show a characteristic peripheral
nodular arterial phase enhancement followed by grad-
ual centripetal in-filling during the later phases (Figs. 5,
6). The filling may be partial or complete. The speed of
filling is size dependent: while small haemangiomas of-
ten fill within less than 1 min, large lesions may take 10
min or more. Many large haemangiomas will not fill
completely, but this can also occur in smaller lesions and
can sometimes lead to confusion with metastases.

FNHs appear as lesions with homogeneous enhance-
ment in the arterial phase. In about 50% of FNHs this is
preceded by a typical spoke-wheel arterial pattern with
centrifugal filling early in the arterial phase, lasting for a
few seconds (Figs. 7, 8). In some cases the feeding artery
is also seen. In the subsequent phases the lesions show a
similar degree of enhancement as the normal liver, due
to the liver-like tissue that the lesion consists of. De-
layed phase imaging is particularly useful for FNHs as
they invariable appear as isoechoic or hyperechoic le-
sions, often with a central scar that was previously invis-
ible (Figs. 7, 8). They can thus not be confused with
metastases. Not unusually, especially small FNHs may
become completely occult in the delayed phase because
of their liver-like contrast behaviour.

Focal fatty change and focal fatty sparing show the
same contrast behaviour as normal liver parenchyma on
all phases, since they contain no abnormal vessels and es-
sentially consist of normal parenchyma. Again, these le-
sions usually “disappear” after contrast injection (Fig. 9).

Liver abscesses are rare; they may, however, be con-
fused with metastases since they also show a rim en-
hancement in the arterial phase and produce enhance-
ment defects in the later phases. An important differen-
tial diagnostic clue is the complete absence of vessels
and enhancement in the central liquid portion of an ab-
scess, whereas even hypovascular metastases will display
some weak but visible central enhancement owing to
small vessels, provided they are not necrotic.
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Fig. 6a-d. Typical haemangioma. a Baseline US shows a 5-cm homogeneously hypere-
choic lesion posteriorly in the liver in segment VIII with no flow signals on power
Doppler. b In the arterial phase, 15 s p.i. of SonoVue, peripheral nodular enhancement is
seen (arrowheads). ¢, d Progressive centripetal filling of the lesion with microbubbles lat-
er in the arterial and in the portal venous phase

Early

Kl Artenial PV

Fig. 7. Schematic display of the dynam-
ic enhancement of FNH after SonoVue
during the arterial, portal venous and
Delayc‘j delayed phase

Cc

Fig. 8a-c. Focal nodular hyperplasia (arrowheads). a Typical spoke-wheel vascular pattern in the early arterial phase 13 s after SonoVue
(arrows). b Three seconds later, the lesion is completely filled with contrast and appears hyperechoic to normal liver. ¢ In the delayed
phase the lesion is isoechoic to normal liver with the exception of a small hypoechoic central scar (arrow)

Limitations

The same limitations that apply to conventional US also
apply to CEUS. Any patient with difficult sonographic

access to the liver due to obesity or otherwise un-
favourable anatomy will also be difficult to image with
contrast agents. Particularly problematic are patients
with severe steatosis and limited penetration of sound
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into the liver. In such cases it is often not possible to see
contrast enhancement beyond a few centimetres in
depth, which is usually not sufficient.

Clinical results

We present the results of two clinical studies on imaging
of liver metastases with SonoVue. Both studies were
performed by the authors at the Benjamin Franklin Uni-
versity Hospital in Berlin, Germany.

The purpose of the first study was to assess whether
SonoVue-enhanced low-MI real-time contrast-specific
US improves the detection of liver metastases in com-
parison to conventional unenhanced US. Thirty-eight
patients with extrahepatic malignancy and at least one
focal liver lesion were included. Comparison of unen-
hanced baseline US and SonoVue-enhanced contrast-
specific US was made. Contrast-enhanced dual-phase
spiral CT (n=27) or dynamic MRI (n=11) was per-
formed within a maximum of 4 weeks (mean 5 days) of
the US examination and served as the standard of refer-
ence. The sonographic technique, the contrast adminis-
tration procedure and the criteria for evaluating the
contrast-enhanced sonograms were as described in the
previous sections. The following contrast-specific imag-
ing modes were used: Coherent Contrast Imaging, Con-
trast Pulse Sequencing (both Siemens Acuson, Moun-
tain View, USA), Pulse Inversion (Philips Ultrasound,
Bothell, USA), Ensemble Contrast Imaging (Siemens
US Group, Issaquah, USA), and Pulse Subtraction
Imaging (Toshiba Medical systems, Zoetermeer, NL).
Both the US and reference examinations were inter-
preted by separate and independent blinded readers.

Of the 38 patients, 35 had hepatic metastases as
judged by reference imaging and confirmed after histol-
ogy (n=14) or follow-up imaging (n=5), while 3 patients
showed only haemangiomas and no metastases. Base-
line US showed metastases in 32 of the 35 positive pa-
tients, while CEUS showed metastases in all 35 cases.
On a patient level, sensitivity thus increased from 94%
on baseline US to 100% after contrast (not significant).

A total of 121 individual metastases were present on

Fig. 9a,b. Focal fatty infiltration (arrow) in
a patient on chemotherapy for breast can-
cer. a Baseline US shows a triangular hy-
perechoic lesion in segment I11. b Delayed
phase imaging after SonoVue shows nor-
mal enhancement of the lesion; the lesion
has disappeared. The CPS technique
(Acuson Siemens) used here displays the
contrast information as a colour overlay
and allows switching between the conven-
tional B-mode and the contrast image (a
and b are an identical image pair without
and with the contrast information)

reference imaging. Baseline US detected 71 (59%) and
CEUS 103 (85%) of these. CEUS showed more individ-
ual metastases than baseline US in 12 (34%) of the 35
patients with metastases. The mean number of refer-
ence-confirmed metastases per patient increased from
1.84+1.82 on conventional US to 2.7+2.57 after
SonoVue (p<0.05). Using CT or MRI as the reference,
the mean weighted sensitivity to individual metastases
increased from 70% (95% confidence interval: 57-82% )
on baseline US to 91% (95% confidence interval:
83-99%) after contrast (p<0.0005).

Subjective lesion conspicuity increased after contrast
in 29 patients (83%; Figs. 1-4) and it remained un-
changed in the other 6 (17% ). Metastases smaller than
10 mm were seen in 5 patients on baseline US, in 12 af-
ter contrast and in 14 on reference imaging.

Lesions suggestive of metastases that were not con-
firmed by reference imaging were present on baseline
US in three patients (5 lesions) and on CEUS in eight
patients (13 lesions).

In summary, this study shows that SonoVue-en-
hanced US is considerably more sensitive than baseline
US in the detection of liver metastases. Lesion con-
spicuity is improved and smaller metastases can be de-
tected. A limitation of the study is the lack of a reliable
gold standard, since neither CT nor MRI are perfect
modalities for detection of metastases. The results have
to be viewed bearing this point in mind. In particular, we
do not know if the lesions seen on (CE)US but not on
reference imaging represent false-positive cases or if
they were true lesions that CT or MRI missed.

In a second study [13], we addressed the question of
whether or not characterisation of focal liver lesions can
be improved by dynamic SonoVue-enhanced low-MI re-
al-time contrast-specific US in comparison to baseline
US (including unenhanced grey-scale and power
Doppler US). The results of this study will be presented
with a focus on metastases.

Sixty-three patients were included, and one lesion per
patient was evaluated. The US methodology used and
the criteria for image interpretation were identical to
the previous study. The final lesion diagnosis was based
on histology in 25 cases and on unequivocal imaging



findings on MRI (n=19), CT (n=18) or intraoperative
US (n=1) in the remaining 38 patients. In 11 patients
with lesion characterisation based on imaging, confirma-
tory follow-up imaging data were available. The lesions
studied were 27 metastases, 6 HCC, 2 cholangiocarcino-
mas, 11 haemangiomas, 11 FNHs, 3 areas of focal fatty
change/sparing, 2 regenerating nodules and 1 abscess.

Ten of the 27 metastases were “hypervascular” on ar-
terial phase imaging with homogeneous enhancement;
the primaries in these patients were malignant
melanoma (n=6), small cell lung cancer, thyroid carcino-
ma, neuroendocrine carcinoma and breast cancer (one
each). The remaining 18 metastases were “hypovascu-
lar” and showed either a rim enhancement (n=10) or no
enhancement at all (n=7) in the arterial phase; the most
common primaries in this group were colorectal (n=9)
and bronchogenic carcinoma (n=3). In the portal venous
and delayed phase all 27 metastases were hypoechoic
compared with normal liver.

On baseline US, 25 (93% ) metastases were correctly
diagnosed, whereas after contrast all 27 (100% ) metas-
tases were identified.

Twenty-eight of the lesions were benign; correct diag-
nosis of benignity was made in 12 (43%) of these on
baseline US and in 25 (89% ) after contrast. Two benign
lesions were misinterpreted as malignant after contrast:
one abscess (as above) and one atypical haemangioma
which did not fill with contrast after the arterial phase.
One regenerating nodule remained unclear.

In summary, the study shows marked improvement
in characterisation of focal liver lesions by the use of
SonoVue. Overall, the number of correctly diagnosed
lesions improved from 41 of 63 (65% ) on baseline US to
58 of 63 (92%) after contrast (p<0.001). Comparison
with the literature suggests that CEUS is superior to CT
and equivalent to MRI in this application [14-16]. The
most important aspect of these results with regards to
imaging cancer patients is the increase in specificity, i.e.
the improved ability to recognise benign lesions and to
rule out metastases.

Conclusion

Until recently, US was the preferred screening method
for focal liver lesion disease because of the inherent ad-
vantages; however, it suffered a relatively poor sensitiv-
ity and specificity rate compared with other imaging
techniques, such as CT and MRI, and further imaging
was often required for a definitive diagnosis.

Since the advent of US contrast agents and new con-
trast-specific US techniques, US of the liver has im-
proved dramatically. Detection of metastases is marked-
ly improved as is lesion characterisation. The detection
of liver metastases using CEUS is similar to spiral CT.
The ability of contrast US to characterise focal liver le-
sions is superior to that of CT and at least equivalent to
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that of MRI. On the other hand, some limitations of US
remain, such as its operator dependence or the limited
access to certain parts of the liver especially in obese pa-
tients and/or fatty livers.

CEUS is a young field in which unexpected progress
has been made in the last few years and is now at a stage
where it is ready for routine clinical use. It adds a new
dimension to liver US. We would like to encourage all
radiologists and sonographers to start using it, since it
provides crucial diagnostic information that is complete-
ly occult in conventional sonography, allowing it to rival
CT and MRL
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