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!

The value of ultrasound contrast agents (USCA) in clinical practice
depends on the pharmacokinetics, the signal processing, and the
contrast-specific imaging modalities.

USCA are exogenous non-toxic substances smaller than red blood
cells, which after intravenous administration must be stable enough
to pass through the pulmonary capillary bed and enter the blood
pool producing the necessary contrast enhancement for the duration
of the examination. Recently, second-generation agents, such as
SonoVue (Bracco Imaging SpA, Milan, Italy), have been introduced
into the market. These agents, taking advantage of the stability of
their microbubbles, withstand the acoustic pressure of insonation
much better than previous USCA, resulting in an increased half-life
of the agent and thus in a prolonged diagnostic window. These agents
are blood pool agents that remain in the intravascular compartment
and do not leak into the organ tissue. Therefore, they are used to in-
crease the Doppler signal amplitude during their dynamic vascular
phase. Concomitant with the improvement of contrast agents, dif-
ferent contrast-specific imaging modalities have been developed
which, used in combination with USCA and a low mechanical in-
dex (MI), allow continuous real-time grey-scale imaging. These re-
cent technical improvements have opened new possibilities in the
use of USCA in a variety of indications, as shown in the contributions
contained in this book. In the following chapters, some of the most
distinguished users of second-generation USCA will share their
knowledge and experience.

The first contributor is Dr. Thomas Albrecht, Department of Ra-
diology, University Hospital of Berlin, Germany. Dr Albrecht dis-
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cusses how to distinguish between benign and malignant focal liv-
er lesions by evaluating various dynamic vascular patterns of the
second-generation USCA.

Dr. Lars Thorelius of the Department of Radiology, University
Hospital of Linkoping, Sweden, explains the use of USCA in indica-
tions beyond the liver and shares his experience in diseases of the kid-
neys and pancreas.

The third contribution is from Dr. Luigi Solbiati, Department of
Radiology, General Hospital of Busto Arsizio, Varese, Italy. Dr. Solbiati
presents the preliminary results of the use of USCA in the charac-
terization of reactive and malignant lymph nodes, with emphasis
on the technical improvement of transducers.

Finally, Dr. Ferdinand Frauscher, Department of Radiology II,
University Hospital Innsbruck, Austria, describes how the applica-
tion of USCA is a promising and useful tool for the detection and clin-
ical staging of prostate cancer.

In conclusion, this publication represents an overview of current
and possible future new applications of USCA in routine and clini-
cal practice by some very experienced experts.

Marcus Hormann
Department of Radiology
University Hospital Vienna, Austria
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Dynamic Vascular Pattern

of Focal Liver Lesions with
Contrast-Enhanced Ultrasound:
Latest Results with SonoVue

THOMAS ALBRECHT
Department of Radiology and Nuclear Medicine
Berlin, Germany

Modern liver imaging of cancer patients requires an imaging
modality that is not only highly sensitive in detecting lesions but
also provides reliable characterisation of lesions and thus allows
differentiation of metastases from frequently found benign lesions.

Conventional ultrasound (US) has a relatively poor sensitivi-
ty and specificity for imaging focal liver lesions, and US used to
be inferior to CT and MRI mainly due to a lack of contrast agents.
This has changed with the advent of microbubble contrast agents
for US. The use of recent contrast agents such as SonoVue (Brac-
co Imaging SpA, Milan, Italy) combined with low-mechanical
index contrast-specific imaging techniques such as Contrast Pulse
Sequencing provides high-quality, dynamic, real-time imaging
of focal liver lesions in the arterial, portal venous and delayed
phase.

This improves lesion detection and characterisation. The typ-
ical dynamic features of all common focal liver lesions are dis-
cussed in this chapter and clinical results are presented.
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Introduction

Both benign and malignant focal liver lesions are extremely
common, and imaging the liver for focal lesions especially in
cancer patients is one of the most frequent tasks in everyday
radiological practice.

The most common malignancy of the liver are metastases from
other organs: 25-50% patients with a known non-haematological
malignancy have liver metastases at the time of diagnosis [1] with
decreasing frequency in colon, gastric, pancreatic, breast and lung
cancer [2]. The second most common malignant liver tumour is
hepatocellular carcinoma (HCC). It is strongly associated with
chronic viral hepatitis and cirrhosis and this is an important dif-
ferential diagnostic clue. Other primary malignant liver tumours
such as cholangiocarcinoma are much rarer.

The prevalence of solid benign liver tumours has been report-
ed to be more than 20% in autopsy series [1, 3], and in patients
with malignancy 25-50% of lesions under 2 cm in size are benign
[4, 5]. The most frequent benign lesion is haemangioma with a
prevalence of 7-21% [3, 6], followed by focal nodular hyperplasia
(FNH), which has a prevalence of up to 3% [3, 7]. Adenomas are
much rarer than FNH (by a factor of approximately 50) and they
occur almost exclusively in female patients with a history of oestro-
gen medication. Other rare benign lesions are pyogenic, parasitic
or fungal abscesses. Areas of focal fatty change or focal fatty spar-
ing are very common; they do not represent true lesions but may
appear as pseudo-tumours on ultrasound (US) and are thus eas-
ily confused with real tumours such as metastases. From the above
it is obvious that imaging of focal liver lesions requires an imag-
ing modality that is not only highly sensitive in detection but also
provides reliable characterisation of lesions and thus allows dif-
ferentiation of malignant from benign tumours. Characterisation
of focal liver lesions by imaging is based on the assessment of the
dynamic enhancement patterns of a focal liver lesion.

Contrast-enhanced US (CEUS) is a relatively new imaging
technique that combines excellent contrast and spatial resolu-
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tion with unrivalled temporal resolution of more than ten frames
per second. CEUS is ideally suited for comprehensive dynamic
real-time imaging of the contrast behaviour of focal liver lesions,
especially if recent perfluor gas-based contrast agents such as
SonoVue (Bracco SpA, Italy) combined with low-mechanical index
(MI) contrast-specific imaging are used.

General Principles of Contrast-Enhanced Liver
Sonography with SonoVue

CEUS of the liver and other abdominal organs requires contrast-
specific imaging techniques. These techniques selectively display
the non-linear response from contrast microbubbles with a high
sensitivity. The most widespread contrast-specific mode is phase
or pulse inversion harmonic imaging. It exploits mainly the sec-
ond harmonic microbubble response.

SonoVue microbubbles consist of sulphur hexafluoride, which
has a much lower water solubility than air and thus a higher bub-
ble stability in the blood pool. SonoVue microbubbles are strong
non-linear reflectors even at low MI, when only minimal
microbubble destruction occurs. This means that they provide
strong and continuous signal enhancement on low-MI CEUS,
permitting continuous imaging of the liver for several minutes
after injection.

In the liver, SonoVue is used for dynamic real-time imaging dur-
ing the arterial (up to 30 s p.i.), portal venous (40 s-2 min p.i.) and
delayed phases (>2 min p.i.). The delayed phase is a particular prop-
erty of several 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
in case of SonoVue it persists for about 3 min. The delayed phase is
particularly useful for characterisation of focal liver lesions since
almost all malignant lesions (with the exception of some HCCs) are
hypoenhancing in this phase, while the large majority of solid benign
lesions show considerable delayed contrast uptake. Furthermore,
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the detection rate of malignant lesions and especially of metastases
is highest on delayed-phase imaging. The delayed phase of SonoVue
is fundamentally different from the “equilibrium phase” of non-spe-
cific contrast agents for CT and MRI. Instead, it is more comparable
to delayed imaging with liver-specific agents for MRI.

Low-MI Real-Time Imaging with SonoVue:
Examination Technique

Prior to contrast medium 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, including cysts, typical haemangiomas
and any solid masses which might be metastases. Baseline images
are the basis for planning the contrast-enhanced scan, and the find-
ings of both parts of the examination are interpreted together.

SonoVue is injected intravenously followed by a 10-ml nor-
mal saline flush. The typical dose is 2.4 ml; if necessary two fur-
ther injections and/or a dose of 4.8 ml can be administered. It is
mandatory to use contrast-specific imaging modes for post-con-
trast scanning. The acoustic output of the US system must 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 detected 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 manner that as many
lesions as possible are covered during the arterial phase. Sweep-
ing through the liver during the arterial phase may be required to
cover several lesions. This can be technically demanding, since
the arterial phase lasts for only 10-15 s and more than one injec-
tion may be required. In most cases, however, it is sufficient to
study one or two representative lesions in the arterial phase.
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The portal venous phase (40 s to 2 min) and the delayed phase
(2-5 min) last much longer, and the entire liver is continuously
surveyed in multiple planes during these phases in a similar way
as routine unenhanced scanning is performed. This will include
lesions studied in the arterial phase, so that the enhancement
patterns of these lesions can be assessed during all three phases.

For image documentation, representative digital movie clips
of the relevant parts of the liver are recorded during all three
phases. Alternatively, or in addition, still images can be obtained.
Review of the recorded clips or of the cine loop after comple-
tion of the examination is often very helpful for comprehensive
assessment of the liver without time constraints.

Dynamic Imaging Features of Metastases

Metastases show characteristic features in all three phases after
contrast agent injection (Fig. 1). In the arterial phase the appear-
ances are twofold: hypovascular metastases appear as hypore-
flective lesions usually with a typical rim enhancement of vary-
ing size (Fig.2A), while hypervascular metastatic deposits appear
as brightly enhancing hyper-reflective and homogeneous lesions,

Arterial PV Delayed
Hypovascular . .
Hypervascular . .

Fig. 1. Schematic display of the dynamic enhancement of hypo- and hypervascular metas-
tases after SonoVue enhancement during the arterial, portal venous (PV) and delayed phase
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Fig. 2. “"Hypovascular” hepatic metastasis from breast carcinoma. A In the arterial phase
after SonoVue administration, the lesion displays strong peripheral rim enhancement
(arrow).B Portal venous phase imaging shows fading of the rim.C In the delayed phase, the
lesion presents as a hypoechoic enhancement defect with sharp margins
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Fig. 3. Hypervascular metastasis. A Baseline grey-scale image with a slightly hyperechoic lesion.
B During the arterial phase the lesion shows homogeneous enhancement while most of the
liver parenchyma is only partially filled with contrast material. C Partial washout of contrast
material from the lesion, which is now hypo-enhancing compared to homogeneously enhanc-
ing normal liver.D Complete washout of contrast material from the lesion in the delayed phase
results in a sharply circumscribed “punched out” enhancement defect

sometimes with non-enhancing necrotic areas. At the beginning
of the portal venous phase, the (rim) enhancement fades and the
entire lesion becomes increasingly hyporeflective (Fig. 2B).

In the delayed phase, both hypo- and hypervascular metas-
tases invariably appear as dark defects while the enhancement
persists in normal liver parenchyma (Fig. 2C). 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 enhancing
normal liver and the non-enhancing metastases and thus improve
detection, especially of small lesions less than 1 cm in diameter
(Figs. 4, 5) and of lesions that are isoechoic on baseline.
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Fig. 4. Patient with multiple metastatic deposits. A Baseline US shows three ill-defined hypoe-
choic lesions in a slightly heterogeneous liver. B, C In the portal venous and delayed phase
after SonoVue (Bracco Imaging, Italy) administration, multiple lesions are revealed through-
out the liver, some of them only a few millimetres in diameter. D, E Multi-detector CT in the
portal venous phase (150 ml lohexol 300 Schering AG, Berlin, Germany) confirms the presence
of multiple lesions
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Fig. 5. Patient with bronchogenic carcinoma. A Baseline scan shows a single hypoechoic
metastasis (arrow) in segment IV close to the left hepatic vein. B After administration of
SonoVue (late phase), this lesion appears as a typical enhancement defect. C A second
metastases of 6 mm is revealed after contrast administration (portal venous phase) in seg-
ment IV/VIII
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Dynamic Features of Common Benign Lesions

As discussed above, solid benign liver lesions are very common.
It is therefore of utmost importance to differentiate these from
metastases in cancer patients. Fortunately, all common solid
benign liver lesions have characteristic dynamic imaging fea-
tures on CEUS and their diagnosis is thus usually unproblem-
atic. Most of these features are analogous to those of dynamic
CT and MRI.

Haemangiomas show a characteristic peripheral nodular arte-
rial phase enhancement followed by gradual centripetal in-fill-
ing during the later phases (Figs. 6-8). The filling may be partial
(Fig. 8) or complete. The speed of filling is size dependant: while
small haemangiomas often fill within less than 1 min (Fig. 7),
large lesions may take 5 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.

Arterial PV Delayed

Fig. 6. Schematic display of the dynamic enhancement of haemangiomas after SonoVue
administration during the arterial, portal venous (PV) and delayed phase
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Fig. 7. Atypical haemangioma on conventional US with typical dynamic enhancement pat-
tern after SonoVue administration. A Baseline US shows a 2-cm hypoechoic lesion in seg-
ment I, suggestive of a metastasis. B In the arterial phase, peripheral nodular enhancement
is seen (arrow).C, D Complete filling of the lesion with microbubbles in the portal venous
and delayed phase
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Fig. 8. Haemangioma (arrows). A Peripheral nodular enhancement (arrowhead) in the arterial
phase. B In the portal venous phase the lesion shows some centripetal filling. C Most of the
lesion has filled in the delayed phase with the exception of a small central area (arrowhead).
Note: with this imaging technique (Vascular Recognition Imaging, VRI, Toshiba, Zoetermeer, The
Netherlands), stationary microbubbles are displayed in green, flowing bubbles in red or blue
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FNHs appear as lesions with homogeneous enhancement 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. 9, 10). In
some cases the feeding artery is also seen (Fig. 11).

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. Delayed-phase imaging is particularly use-
ful for FNHs as they invariably appear as isoechoic or hypere-
choic lesions, often with a non-enhancing central scar that was pre-
viously invisible (Figs. 9, 10). They are thus easily distinguished
from metastases. Not unusually, especially when small, FNHs may
disappear completely in the delayed phase due to their liver-like
contrast behaviour.

Earlyl Arterial PV Delayed
Arterial

Fig. 9. Schematic display of the dynamic enhancement of FNH after SonoVue administra-
tion during the arterial, portal venous (PV) and delayed phase
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Fig. 10. Focal nodular hyperplasia (arrowheads) after SonoVue administration,imaged with
phase inversion. A Typical spoke-wheel vascular pattern in the early arterial phase 13 s
after SonoVue administration (arrows). B Three seconds later the lesion is completely filled
with contrast material and appears hyperechoic to normal liver. C In the delayed phase
the lesion is isoechoic to normal liver (arrowheads) with the exception of a small hypoechoic
central scar (arrow)
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Fig. 11. Arterial phase of a FNH (arrows) showing strong homogeneous arterial enhance-
ment and a typical feeding artery (arrowhead)

Focal fatty change and focal fatty sparing show the same con-
trast behaviour as normal liver parenchyma on all phases, since
they contain no abnormal vessels and essentially consist of nor-
mal parenchyma. Again, these lesions usually “disappear” after
contrast agent injection (Fig. 12).

Liver abscesses are uncommon in the western world they may;,
however, be confused with metastases since they also show a rim
enhancement in the arterial phase and produce enhancement
defects in the later phases. An important differential diagnostic
clue is the complete absence of vessels and enhancement in the
central liquid portion of an abscess, while even hypovascular
metastases will display some weak but visible central enhance-
ment due to small vessels, provided they are not necrotic.
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Fig. 12. Focal fatty infiltration (arrow) in a patient on chemotherapy for breast cancer. A B-
mode US shows a triangular hyperechoic lesion in segment Ill. B Delayed-phase imaging
after SonoVue administration shows normal enhancement of the lesion which has disap-
peared. Note: with this imaging technique (Cadence Contrast Pulse Sequencing, CPS,
Siemens, Mountain View, CA, USA), one identical US frame can be displayed either as a“tis-
sue only”image without contrast information (A) or as a “mixed” image with the contrast
information superimposed, which is displayed in colour (B)
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Clinical Results

In a recently published study [8], we addressed the question of
whether the characterisation of focal liver lesions can be improved
by dynamic SonoVue-enhanced low-MI real-time contrast-specific
US in comparison to baseline US (including unenhanced grey-
scale and power Doppler US).

Sixty-three patients were included and one lesion per patient
was evaluated. The final lesion diagnosis was based on histology
findings 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, confirmatory follow-up imaging data were available.
The lesions studied were 27 metastases, 6 HCCs, 2 cholangiocar-
cinomas, 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 arterial
phase imaging with homogeneous enhancement; the primaries
in these patients were malignant melanoma (n=6), small cell
lung cancer, thyroid carcinoma, neuroendocrine carcinoma and
breast cancer (one each). The remaining 18 metastases were
“hypovascular” 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 bron-
chogenic carcinoma (n=3). In the portal venous and delayed
phase all 27 metastases were hypoechoic compared to normal
liver. On baseline US, 25 (93%) metastases were correctly diag-
nosed; after contrast administration, all 27 (100%) metastases
were recognised.

Six CCCs were studied and there was intense arterial enhance-
ment in all these lesions. During the portal venous and delayed
liver phase, three of the lesions were mostly hyporeflective and two
slightly hyporeflective (Fig. 2), while the remaining one HCC was
isoreflective.

Two CCCs were included: in the arterial phase one of these
showed rim enhancement and there was no arterial enhance-
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ment in the other. In the portal venous and delayed phase both
lesions produced hyporeflective enhancement defects.

In summary, 34 (97 %) of the 35 reference-proven malignant
lesions appeared hyporeflective in the portal venous and delayed
phase. Twenty-eight of the lesions were benign; correct diagno-
sis of benignity was made in 12 (43%) of these on baseline and in
25 (89%) after contrast enhancement. Two benign lesions were
misinterpreted as malignant after contrast enhancement: one
abscess and one atypical haemangioma which did not fill with
contrast agent after the arterial phase. One regenerating nodule
remained unclear.

In conclusion, the study showed marked improvement in char-
acterisation 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 (92%) after contrast agent administra-
tion (p<0.001). Comparison with the literature suggests that CEUS
is superior to CT and probably equivalent to MRI in this application
[9-11]. 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.

Limitations

The same limitations that apply to conventional US also apply to
CEUS. Any patient that has difficult sonographic access to the
liver because of obesity or otherwise unfavourable anatomy will
also be difficult to image with contrast agents. Particularly prob-
lematic are patients with severe steatosis and limited penetra-
tion of sound 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 for diagnosis.
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Conclusion

Until recently, US was the preferred screening method for focal
liver lesions disease because of its inherent advantages; however,
it suffered from relatively poor sensitivity and specificity com-
pared with other imaging techniques such as CT and MRI and
further imaging was often required for a definitive diagnosis if a
lesion was seen on conventional US.

Since the advent of US contrast agents and new contrast-spe-
cific US techniques, liver US has dramatically evolved. Lesion
characterisation is markedly improved. The ability of contrast
US to characterise focal liver lesions is superior to that of CT and
similar to that of MRI. CEUS is now the imaging modality of
choice for characterisation of any focal liver lesions since it is
quick, inexpensive, well tolerated by patients and highly accu-
rate. On the other hand, some limitations of US remain, such as
its operator dependence and the limited access to certain parts of
the liver especially in obese patients and/or fatty livers.

CEUS is a young field that continues to progress rapidly. It
adds a new dimension to liver US and has become a pivotal part
of liver imaging in our daily practice as it provides us with cru-
cial diagnostic information that is completely occult to conven-
tional sonography. CEUS of the liver can be used as an alternative
or, in difficult cases, as an adjunct to CT and MRI.
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Usefulness of Contrast-Enhanced
Ultrasound in the Characterization
of Pancreatic and Renal Masses

LARS THORELIUS
Department of Radiology, University Hospital Linkoping,
Linkoping, Sweden

A case series of pancreatic and renal masses is presented to illus-
trate the usefulness of contrast-enhanced ultrasound with
SonoVue in the visualization of these lesions. The technique
appears to depict pancreatic vascularity particularly well, pro-
viding useful diagnostic information for vascular diagnoses, as well
as additional information on the extent of viable tissue and the
ideal site for a biopsy. It is also a promising technique for the
detection of small, necrotic lesions, infarction and traumatic
hematomas in the kidney.

Several articles in the literature have convincingly reported on the
usefulness of echocontrast agents for the detection and character-
ization of focal liver lesions [1-6].In our center, based on the expe-
rience gained using contrast agents for liver imaging, we are now try-
ing to acquire a better knowledge of the behavior and possible uti-
lization of contrast also for non-liver applications. The following is
a summary of our experience in visualizing pancreatic and renal
masses with contrast-enhanced ultrasound (CEUS) with a second-
generation contrast agent, SonoVue (Bracco Imaging, Italy), as com-
pared to other imaging modalities.
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Materials

In almost all cases of non-liver imaging, we use Acuson Sequoia
ultrasound machines equipped with CPS (Siemens, USA), which
is a special software that is designed to detect the non-linear fun-
damental response of microbubbles. One advantage of this system
is the possibility to separate the gray-scale image from the con-
trast image; this facilitates the distinction between vascular and
non-vascular areas. We have found that 1.2 ml of SonoVue is often
the correct bolus volume for imaging of abdominal structures
other than the liver and spleen. However, the kidneys enhance
very intensely, and the standard bolus for the adult kidney is no
more than 0.6 ml.

Pancreatic Masses

In the pancreas, uptake of contrast medium during CEUS using
SonoVue is very rapid; at approximately 25-40 s it produces a
transient, bright homogeneous enhancement that is due to the
high vascularization of the organ. Accumulation in the capillar-
ies is negligible, thus the washout also occurs rapidly after the
arterial phase, giving the pancreas a darkened appearance in con-
trast to the adjacent liver after 2 min. Consequently, CEUS is not
very good at delineating masses, but it does permit good delin-
eation of non-vascular pancreatic lesions.

Non-enhanced ultrasound (US) is underestimated for the delin-
eation of pancreatic masses. An example of a well-delineated
necrotic tumor is shown in Fig. 1.
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Fig. 1. A CT of pancreas cancer.B US of pancreatic cancer (marked by yellow dots). C CEUS
of pancreas cancer (marked by yellow dots)
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CT depicts the tumor covering the entire head of the pancreas,
which is also well delineated as a rounded mass on non-enhanced
US images (small tumors can actually often be visualized better
by non-enhanced US than CT).

When the image of the large mass was enhanced by injecting
SonoVue, the necrotic area became much smaller, showing that the vas-
cularization of the tumor was more widespread than what appeared
on the CT images. The key information provided by CEUS was there-
fore not the delineation of the mass, but the delineation of viable tis-
sue and vascularization, which is valuable information for the per-
formance of a biopsy, as it shows where not to stick the needle.

After injection of contrast, small tumors are actually drowned
by contrast material, so in this case CEUS is not helpful.

On the other hand, CEUS can be useful in focal pancreatitis, in
which non-vascular necrotic tissue can easily be visualized in con-
trast to vascular surrounding tissue. In a case of acute abdominal
pain, CEUS was useful in revealing a non-enhancing wedge-shaped
area that looked like a small focal pancreatitis, but was an area of
necrotic pancreatitis. However, when the area of pancreatitis is
large, no additional information is provided by CEUS, as shown in
Fig. 2: the injection of contrast in a patient who suffered an episode
of acute, severe focal pancreatitis made the whole pancreas echoic,
thus not adding more information than non-enhanced US.

In our experience, CEUS is so far also not useful in rare tumors
of the pancreas, such as insulinoma. In the case presented in Fig. 3,
a 15-mm-wide mass corresponding to an insulinoma was beau-
tifully delineated by non-enhanced US. Contrast material really
drowned the mass, making it less visible. CT also did not provide
clear images of this mass, so the best modality in this case was
non-enhanced US.

One case is one of von Hippel-Lindau’s disease, which is a rare
genetic entity characterized by angiomatosis and heman-
gioblastomas. In one of our cases (Fig. 4) there was concern that
a small dot was an aneurysm rather than a capillary tumor. CT did
not permit the visualization of the entrance of contrast medium
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with reference to other tissues, whereas CEUS did. After the injec-
tion of SonoVue, the arteries filled first and permitted detailed
visualization of pancreatic vascularity with excellent temporal
resolution, which enabled us to conclude that the diagnosis was
most likely a capillary tumor rather than an aneurysm.

Thus, when it comes to the pancreas, CEUS does not provide
much information about the actual masses, but the detailed visu-
alization of vascularity can be very useful to establish the extent
of viable tissue, where to perform a biopsy and to formulate vas-
cular diagnoses.

Fig. 2. A US of acute focal pancreatitis. B CEUS of acute focal pancreatitis
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Fig. 3. A US of insulinoma. B CEUS of insulinoma. C CT of insulinoma
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Fig.4. A CT of capillary tumor (yellow dot).B CEUS of capillary tumor after artery enhance-
ment but not yet of tumor.C CEUS 3 s later, with enhancement of capillary tumor
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Renal Masses

CEUS of the kidney provides a clear and detailed view of renal vas-
cularity, with early enhancement in the arterial phase followed
by an intense and uniform enhancement in the renal cortex.
Enhancement then extends to the pyramids until they become
isoechoic with the cortex, about 20-30 s later.

The enhancement, which lasts about 2 minutes and then grad-
ually fades, is produced by concentration of contrast medium in
the arteries; accumulation of contrast medium in the parenchyma
is negligible. Consequently, CEUS does not offer a major advantage
over non-enhanced US in the detection and characterization of
focal renal lesions. Moreover, contrast medium does not concen-
trate in the urine as it does in urograms and CT examinations.

In most cases, CEUS does not provide more details about renal
tumors than non-enhanced US. However, it can reveal necrotic
areas and can therefore be very useful in the detection of small,
necrotic tumors, which are difficult to see with non-enhanced US.

Angiomyolipomas are surprisingly vascularized; after injec-
tion of contrast material, even angiolipomas may be difficult to
distinguish from the rest of the kidney in any of the phases.

Hematomas, on the other hand, are readily distinguished from
other tissues. A case of postoperative pain after lithotripsy is pre-
sented in Fig. 5. The urogram detected an unexplained mass and
CEUS revealed a non-enhancing subcapsular mass that could be
identified as a hematoma.

We draw the conclusion that when there is no enhancement
during CEUS, there is no risk of finding a viable tumor in the
area.

Small infarctions can also be difficult to assess with other
modalities. In Fig. 6 the case of a patient with flank pain is pre-
sented, in whom contrast-enhanced CT showed a probable infarc-
tion, but it was not clear. CEUS revealed an area devoid of con-
trast with sharp margins that could easily be identified as a renal
infarction.
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In our region of Sweden there are quite a few cases of heredi-
tary renal cancers. Both patients and relatives undergo imaging
investigations to rule out the development of aggressive papil-
lary tumors. We subjected them to CEUS to see whether this novel
imaging modality would provide more information.

The tumors were surprisingly poorly vascularized and
appeared as small hypoechoic dots. Thus, CEUS was able to detect
very small lesions - potential applications of this ability will be
pursued and investigated further.

Fig.5. A US of renal hematoma. B CEUS of renal hematoma
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Fig.6. A CT of probable infarction in left kidney. B CEUS of obvious infarction

Conclusion

In summary, CEUS is a promising technique for the detection of
small, necrotic lesions, infarction and hematomas due to trauma
of the kidney [7].It does not appear to have efficient potential in
the visualization of small, highly vascular renal tumors, such as
small hypernephromas; however, one promising area is that of
surveillance of hereditary cancers with low vascularization.
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Introduction

Contrast-enhanced ultrasound (CEUS), using second genera-
tion contrast agents such as SonoVue, permits the use of the low
mechanical index required for the detailed visualization of the
vascularity of lymph nodes which can be detected with gray-
scale harmonic imaging techniques. These techniques allow real-
time analysis of all vascular phases and the visualization of intra-
nodal focal “avascular” areas that represent deposits of neoplas-
tic cells or necrosis. Preliminary data suggest that this novel
imaging modality can improve the differential diagnosis of malig-
nant lymph nodes from reactive nodes and provide a more accu-
rate selection of nodes to be submitted to fine-needle aspiration
biopsy. In addition, the simultaneous assessment of macro- and
micro-vascularity may enable the detection of new diagnostic
features that cannot be visualized with other imaging modali-
ties, such as “spotty” enhancement of lymphomas. Further stud-
ies are needed to validate these features.
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For many years, lymph nodes have been assessed with tradi-
tional ultrasound (US) technology using morphological criteria,
such as size (thickness), shape (the ratio between the longitudinal
and short-axis), hyperechoic hilus, echogenicity of the cortex, cal-
cifications and intranodal necrotic or cystic changes [1-8].

Subsequently, vascularity criteria were added, differentiating
between nodes with a visible hilus, focal absence of perfusion,
and the presence of subcapsular, displaced and/or burnt vessels
(Tschammler’s classification) [9] by means of color and power
Doppler. This improved the ability to differentiate neoplastic from
reactive nodes, yielding a diagnostic sensitivity of 83-89% and a
specificity of 87-93% (87-98%) [8]. However, although normal or
reactive nodes usually have hilar vascularity, in as many as 35%
of cases they do not show any vascularity, especially when the
short axis is under 3-4 mm. In addition, with color and power
Doppler, further problems may occur: lack of flow signals in
deeply located nodes, artifacts in nodes adjacent to large vessels,
failure to visualize microvascularity and, more importantly, no
depiction of focal avascular changes representing necrosis or
metastatic deposits [8-14].

Contrast-enhanced ultrasound (CEUS) for the investigation
of lymph nodes has recently become available. Very few papers
have been published on its use so far [15-18].

CEUS using color Doppler and first-generation contrast agents
was superior to computed tomography (CT) and magnetic reso-
nance imaging (MRI) in terms of diagnostic accuracy [15].In a
study on 94 enlarged lymph nodes in 39 adults with carcinoma of
the oral cavity, the vascularity was depicted in 86% of the nodes;
in 28%, unenhanced B-mode US was unable to depict the ves-
sels. The diagnosis changed in 14% of cases and led to changes in
therapy in 4% [16].

However, first-generation contrast agents are not suitable for-low
mechanical index (MI) settings, which are necessary for the visu-
alization of the slow flow in small structures, such as lymph nodes.
Currently, second-generation contrast agents permit the use of low
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MI and can be detected with gray-scale harmonic imaging tech-
niques, thus allowing real-time analysis of all vascular phases,
including the parenchymal phase; therefore, they provide extreme-
ly detailed information on the perfusion of lymph nodes [17].

We used two different systems enabling the study of superfi-
cial nodes with high frequency and microbubbles: one based on
harmonics (CnTi, Esaote) and one based on the changes in fun-
damental frequency amplitude signals (CPS, Acuson Siemens),
both used with low MI (0.05-0.2) in continuous mode.

We administered a second-generation contrast medium,
SonoVue (Bracco Imaging SpA, Milan, Italy), made of microbub-
bles containing sulfur hexafluoride stabilized by a highly elastic
phospholipids monolayer, with outstanding stability and resist-
ance to US pressure [19]. A single intravenous dose was given
(2.4-4.8 ml); the total vial (4.8 ml) was usually necessary to study
large, deeply located nodes.

Different patterns of enhancement (both for morphology and
timing of enhancement) were observed for the different histo-
logic types of adenopathy.

Normal and reactive lymph nodes (Fig.1)

Anatomically, the blood supply of normal/reactive nodes enters
via the hilar artery to the small arteries of the medulla, ending
in the sinuous capillaries of the nodal cortex. Whereas color and
power Doppler US can usually depict the hilar vascularity, but
not the whole arterial system [1, 11], enhancement of the hilus
is seen on CEUS at 10-15 s following bolus injection, followed at
15-25 s by homogeneous enhancement of either macro- and
microvascularity of the cortex. Wash-out starts at 40-45 s and is
usually complete after 60-90 s.

When reactive nodes have extensive fatty changes, the hilus is
enhanced, whereas the cortex remains homogeneously avascular.
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Fig. 1. 7-mm reactive node of the laterocervical chain on B-mode sonography (A).On CEUS,
at 15 s after bolus injection of SonoVue, only the centrally located hilus is enhanced (B). At
20 s completely homogeneous enhancement of the nodal cortex is seen (C)
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Granulomatous adenitis (Fig. 2)

In the few cases of granulomatous adenitis we have examined to
date with CEUS using SonoVue, the hilus is thin and quickly
enhancing and the cortex is homogeneously vascularized, but
with a “grainy” pattern which seems to be a characteristic fea-
ture of granulomatous nodes (Fig. 2).

Fig. 2. Granulomatous adenitis. After bolus injection of SonoVue, at 15 s only the hilar vascularity
is seen with regular arrangement (A). At 20 s (B), 25 s (C) and 40 s (D) progressive enhance-
ment of the nodal cortex is seen with a likely characteristic “grainy” pattern
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Metastatic nodes (Figs. 3, 4)

Pathologically, in metastatic nodes infiltration by tumoral cells
distorts and destroys nodal vascular structure, including hilar
blood vessels. In addition, neoplastic infiltration of the cortex
associated with angiogenesis and recruitment of capsular ves-
sels leads to peripheral hypervascularity with tortuous and aber-
rant feeding vessels at the periphery and sinusoid neovasculari-
ty within the tumoral nests. Thus, central perfusion predomi-
nates in benign nodes and peripheral perfusion in malignant
nodes. This difference can often be detected with color and power
Doppler, but sinusoid neovascularity within the tumor nests can-
not be depicted [10-12].

With CEUS using SonoVue, enhancement of capsular vessels
is seen at 10-15 s, followed by the appearance of internal aber-
rant and usually tortuous blood vessels, whereas the hilus is unde-
tectable. At 15-25 s, inhomogeneous enhancement of the cortex
appears, with focal hypoechoic changes due to hypovascular or
avascular (necrotic changes) metastatic deposits. At 40-60 s wash-
out starts and hypoechoic foci are no longer visible.
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Fig. 3. Example of large, oval, hyperechoic metastatic node (A). Color Doppler shows flow
signals in the cranial portion of the adenopathy, while the caudal portion seems com-
pletely avascular (B).On the contrary, in the parenchymal phase after injection of SonoVue,
many hypovascular areas (C) corresponding to the metastatic deposits detectable in the his-
tological specimen (D) are seen



B 46 Luigi Solbiati, Luca Cova

Fig.4.Two adjacent metastatic nodes. In the first node (A, left) only a few scattered flow sig-
nals are seen on color Doppler (A, right), whereas CEUS (B) demonstrates tortuous blood ves-
sels and hypovascular areas at the peripehry.In the second node (C), CEUS shows a very large
internal necrotic area and irregular margins which are features of malignant nature (D)
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Lymphomatous nodes (Fig. 5)

As demonstrated in previous reports [17, 18] in the few cases of
lymphomatous nodes studied in our series, in arterial phase (10-
15 s.) macrovascularity is poorly visualized and the hilus is very
thin, usually undetectable and displaced to the periphery of the
node. Parenchymal enhancement starts with diffuse bright spots
(“snow-like” appearance), which subsequently fuse, leading to
homogenous enhancement. This pattern has not been observed
in any other nodal disease with CEUS.

In Hodgkin’s lymphomas of nodular sclerosis type, extremely
rounded and very well demarcated avascular or hypovascular intra-
parenchymal areas are frequently seen, as shown in Figure 5.

Fig. 5. Two adjacent nodes affected with Hodgkin’s lymphoma of nodular sclerosis type. Marked
hypoechogenicity is shown on B-mode sonography (A) and very few blood flow signals are
depicted with color Doppler (B). With CEUS, very slow enhancement is seen in arterial phase (C),
while in venous phase (D) the parenchymal enhancement is inhomogeneous due to the pres-
ence of multiple rounded avascular foci
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Conclusions

Real-time study of all vascular phases, visualization of microvas-
cularity in each lymph node independently of its size, and detec-
tion of intranodal focal “avascular” areas representing deposits
of neoplastic cells or necrotic changes are the three most impor-
tant advancements achievable with CEUS and second-generation
contrast agents.

The simultaneous assessment of macro- and micro-vascu-
larity may enable the detection of “new” diagnostic features,
such as “spotty” enhancement of lymphomas and focal avascu-
lar areas in metastatic modes which need to be validated in fur-
ther studies.

Fine-needle aspiration biopsy (FNAB) remains the main
diagnostic modality for lymph nodes. However, currently adopt-
ed diagnostic criteria for US, CT, and MRI show limitations in
the detection of small non-necrotic metastases in normal-sized
or slightly enlarged nodes, and multiple FNABs may be neces-
sary [12, 20]. The study of the microvascularity of even nor-
mal-sized nodes with CEUS may enable more accurate selec-
tion of nodes to be submitted to FNAB, thereby reducing the
number of pathologic assessments.

The assessment of nodal microvascular enhancement may also
enable the detection of early nodal devascularization as a result
of chemo- and/or radiation therapy. Consequently, CEUS might
be used to achieve early, easy, and confident assessment of the
therapeutic response of both lymphomatous and squamous-cell
carcinomas to radiation treatment and/or chemotherapy.
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Prostate cancer is the most commonly diagnosed malignancy in
men. Early diagnosis is essential to provide definitive treatment
and improve patient survival. The advent of prostate-specific anti-
gen (PSA) assessment and transrectal ultrasound (US) imaging
has revolutionized prostate cancer detection. Gray-scale US has
a low sensitivity and specificity for prostate cancer detection. To
improve cancer detection, color Doppler imaging (CDI) has been
used. Unfortunately, subsequent studies using CDI have report-
ed that CDI misses a considerable number of cancers and is insuf-
ficient in avoiding systematic prostate biopsy.

The introduction of US microbubble contrast agents such as
SonoVue (Bracco Imaging SpA, Italy) has dramatically expand-
ed the possibilities for US detection of prostate cancer. Several
studies have shown that contrast-enhanced CDI (CE-CDI) can
improve prostate cancer detection thus reducing the numbers
of biopsy cores.

Recent advances in US technology have further increased the
value of US contrast agents. Enhanced transrectal gray-scale har-
monic US improves the sensitivity for prostate cancer detection
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without substantial loss of specificity. Contrast-enhanced inter-
mittent US of the prostate seems to be useful for selective enhance-
ment of malignant prostatic tissue. Recent studies evaluating US
contrast agent enhancement characteristics (i.e. time intensity
curves) reported that this technique provides an objective meas-
ure for differentiating benign from malignant prostatic tissue. In
summary, these results demonstrate the feasibility of US contrast
agents to enhance US imaging of prostatic disease. In our opin-
ion, contrast-enhanced US has the potential to play a major role
in the diagnostic evaluation of patients undergoing PSA screen-
ing for prostate cancer.

Background

Prostate cancer is the most commonly diagnosed malignancy in
men and it is likely to be the most common cause of cancer-relat-
ed death in men by 2010 [1]. The incidence of prostate cancer is
increasing; 24,0000 new cases are estimated in the USA in 2004.
Early diagnosis is essential in order to provide definitive treat-
ment and improve patient survival.

The advent of prostate-specific antigen (PSA) assessment and
transrectal ultrasound (US) imaging has revolutionized prostate
cancer detection [2]. However, although PSA can be assessed with
an easy blood test and is very sensitive, it is less specific. As for
gray-scale US introduced in the 1980s, it has a good spatial reso-
lution but a low sensitivity and specificity for prostate cancer
detection [3], even with high-frequency probes (Fig. 1) and 3D
and 4D imaging (Fig. 2). In order to improve cancer detection,
color Doppler imaging (CDI) has been used. Unfortunately, sub-
sequent studies have reported that CDI misses a considerable
number of cancers and is insufficient in avoiding systematic
prostate biopsy [4]. The present diagnostic strategy for the detec-
tion of prostate cancer foresees the use of the so-called sextant
biopsy which is considered to be the gold standard [5]. However,
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sextant biopsy may miss clinically detectable prostate cancer in
up to 35% of cases. Therefore, new systematic biopsy approaches
have been introduced, which utilize laterally directed cores and a
higher number of cores [5-8]. However, limitations still exist
because, despite the increase in the number of biopsies (up to 18
or more), cancer detection is not increasing [9-11].

Improvement in biopsy techniques is thus necessary and must
be attained without increasing the number of biopsy cores, but
rather by improving the US imaging technique. Up to now, US has
been used to guide the needle for biopsy. We know that an impor-

Fig. 1. High-frequency gray-scale US (transverse scan) shows no focal abnormality (i.e.,
hypoechoic area). Systematic biopsy revealed prostate cancer in the mid right

Fig. 2. 3D and 4D gray-scale US images in a patient with prostate cancer in the mid right.
No abnormality suggestive of prostate cancer is seen on the US images
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tant factor in tumor formation is neoangiogenesis, which through
growth factors stimulates new vessel formations, in turn sup-
porting tumor growth. Therefore the detection of neovascularity
is crucial for the detection and staging of tumor. However, even
with the use of high-end Doppler US systems, a substantial num-
ber of cancers can be missed [12]. CDI or power Doppler US is
not able to detect lesions that are usually hypovascular and deeply
located in the peripheral zone.

The introduction of US microbubble contrast agents has dra-
matically expanded the possibilities for US detection of prostate
cancer [13] as several studies have shown [14-17]. In particular,
contrast US applications could allow for new biopsy strategies.
In the USA in 2002-2004 the number of biopsies doubled. The
introduction of contrast-enhanced ultrasound (CEUS) could be
aimed at reducing the number of biopsies necessary to obtain a
diagnosis. Moreover, CEUS could help in the staging and grad-
ing of prostate cancer, allowing the noninvasive assessment of
microvessel density as a prognostic factor. It could also be used
in the follow-up after conventional medical (hormonal) and radi-
ation therapy or new therapeutic strategies like high-frequency US
(HIFU), radiofrequency ablation, cryotherapy etc.

Our Experience

We used contrast-enhanced CDI with SonoVue (Bracco Imaging,
Italy) to detect tumor vascularity in more than 1,500 patients.
Results show that prostate cancer was present in 537 of 1,540 sub-
jects (35%) with a mean total PSA level of 3.9 ng/ml. Cancer was
detected in 447 subjects (29%) with targeted biopsy, and in 339 of
920 patients (22%) with systematic biopsy.

The percent of cancer detection in targeted biopsies was 13.8%,
(997/7,225 cores), while that of systematic biopsies was 5.2%
(800/15,400 cores). What is most important in these figures is the
huge difference in number of core biopsies necessary for diag-
nosis, i.e., 7,225 vs 15,400 cores.
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Cancers detected with contrast-enhanced targeted biopsy
showed a significantly higher Gleason score compared with the
systematic technique [16, 17] (Fig. 3). Several studies have also
shown that there is a significant correlation between lesion hyper-
vascularity and Gleason score. The Gleason score is a parameter
introduced in the 1970s measuring the aggressiveness of tumor.
When aggressiveness is high there is a clinically significant can-
cer and the patient must be treated.

Therefore, contrast-enhanced CDI-targeted biopsy, which
detects more prostate cancers with fewer biopsy cores than sys-
tematic gray-scale biopsy, can reduce morbidity and costs. Recent
advances in US technology, such as harmonic gray-scale imag-
ing with a better temporal resolution, have further increased the
value of US contrast agents. Enhanced transrectal gray-scale har-

Fig.3. SonoVue-enhanced color Doppler imaging (CDI) demonstrates hypervascularized area
on the left side, which has proven to be a Gleason 9-score cancer. A Hypervascularized area on
the left side representing prostate cancer.B Histology demonstrates Gleason score 9- cancer
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monic US improves the sensitivity for prostate cancer detection
without substantial loss of specificity [18-20]. Contrast-enhanced
intermittent US of the prostate, which reduces the frame rate and
allows bubbles to accumulate in the microvessels, seems to be
useful for selective enhancement of malignant prostatic tissue
[21] (Fig.4).

Fig.4. Prostate cancer:a 55-year-old man with a prostate-specific antigen value of 2.6.A - Gray-
scale image, no abnormality. B Unenhanced power Doppler. No hypervascularized area.
C Enhanced power Doppler. D Continuous gray-scale harmonic US. No suspicious area with
enhancement. E Intermittent US (delay of 2 s). Enhancing tumor on the left side (arrows). Glea-
son score 7 (4+3)
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Preliminary study results with the use of CnTi are also encour-
aging. Another interesting technique is the assessment of
microvessel density. The study of Louvar et al. [22] showed that
there is no correlation between conventional color Doppler and
microvessel density; however, with the use of contrast agents we
showed that this correlation exists (Fig. 5).

. U=l B-
¢ NGCEAZNPN N
Fig. 5. SonoVue-enhanced CDI shows hypervascularized area on the left, representing

prostate cancer. A Transversal contrast-enhanced CDI scan. B Immunohistochemistry demon-
strates high microvessel density (brown outlined vessels)

Another approach is represented by the assessment of the
dynamics of contrast agents. Analysis of time of arrival and max-
imal enhancement demonstrated that it is possible to localize
cancer on the basis of time of maximal enhancement.

Recent studies evaluating US contrast agent enhancement char-
acteristics (i.e., time intensity curves) reported that this tech-
nique provides an objective measure for differentiating benign
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from malignant prostatic tissue [23] (Fig. 6). A potential use of
contrast agents is also in the follow-up of treatment with hor-
monal therapy or radiation therapy [24] or to perform local treat-
ment with HIFU [25].

A Time Intensity Analysis [MI Curve]
Intensity
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Fig. 6. Time intensity analysis in a patient with prostate cancer of the left side. A Contrast
agent kinetics obtained from the right side of the prostate without cancer shows lower
maximum enhancement. B Contrast agent kinetics obtained from the left side of the
prostate, wich contains cancer,shows higher maximum enhancement and a faster washout
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Conclusion

In summary, these results demonstrate the capability of US con-
trast agents to enhance US imaging of prostatic disease [26]. The
application of US contrast agents for the detection and clinical
staging of prostate cancer is promising. Contrast agent-enhanced
color Doppler imaging may allow for limited targeted biopsies,
thus reducing costs and morbidity. Moreover, it can be useful for
treatment follow-up and for the guidance of new therapeutic
strategies.

In our opinion, contrast-enhanced US has the potential to play
a major role in the diagnostic evaluation of patients undergoing
PSA screening for prostate cancer.
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