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Preface

The introduction of microbubble contrast agents and the development of contrast-
specific scanning techniques have opened new prospects in ultrasound. The advent of
second-generation agents - that enable real-time contrast-enhanced imaging - has
been instrumental in improving the acceptance and the reproducibility of examina-
tions. Contrast ultrasound substantially improves detection and characterization of
focal liver lesions with respect to baseline studies, and has already been introduced in
international guidelines for the diagnosis of liver tumors. The role of contrast agents in vas-
cular ultrasound is also established, and several new clinical applications are emerging.

This book, written by the leading experts in the field, provides an up-to-date
overview on the clinical value of contrast agents in ultrasound. The volume moves from
a background section on technique and methodology to the main sections on the clin-
ical application of contrast ultrasound in the liver and in vascular diseases. A final sec-
tion discusses results and prospects of contrast ultrasound modality in the other fields.
A selection of relevant clinical cases is presented in the enclosed CD-ROM.

This volume is the result of the efforts of several world-renowned experts. I am
greatly in debt to them for their enthusiastic commitment and support. Also, I would
like to thank my mentor, Professor Carlo Bartolozzi, for his precious advice, as well as
Drs. Dania Cioni, Laura Crocetti, and Clotilde Della Pina for their contribution to this
editorial project. I sincerely hope that the book fulfils the expectations of my colleagues
- radiologists, clinicians, and surgeons — who are interested in the very exciting field of
contrast ultrasound.

Pisa, March 2006 Riccardo Lencioni
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SECTION |

Technique and Methodology
of Contrast Ultrasound



1.1

Contrast-Enhanced Ultrasound:
Basic Physics and Technology Overview

David Cosgrove and Robert Eckersley

Introduction

Microbubbles represent an entirely new class of
materials that are mainly used as intravascular
contrast agents for US, though they can also be
instilled into the urinary bladder to look for
ureteric reflux [1] and into the uterus to check
tubal patency [2]. Their effect depends on the
compressibility of gases, which is markedly dif-
ferent from the near-incompressibility of tissue.
Exploiting this difference has led to the develop-
ment of several multipulse sequences that cancel
tissue signals and emphasise those from the mi-
crobubbles, thus improving the contrast-to-tis-
sue signal ratio. Overlay or side-by-side displays
allow the agent image to be viewed along with
the grey-scale image to facilitate locating the re-
gion of interest.

Not only can major vessels be displayed, but
microbubbles within the microvasculature are al-
so detected (though the capillary bed itself can-
not be resolved anatomically), because these
methods do not depend on microbubble flow but
merely on their presence. In practice, these spe-
cific modes have found major clinical application
in the liver for the detection and characterisation
of focal lesions, although the same principles ap-
ply also in the kidneys and spleen. They are also
very widely used in echocardiography, for endo-
cardial border detection and to evaluate myocar-
dial perfusion, applications that are beyond the
remit of this article.

Conventional Doppler methods also work
well and contrast is helpful in peripheral vascu-
lar disease (notably for transcranial Doppler,
carotid stenosis and in renal artery stenosis)
when the unenhanced Doppler signals are too
weak to be clinically useful.

Microbubbles are eminently suitable for use
as tracers because of the small volumes injected.

This has been exploited in the liver to identify
conditions characterised by arterio-venous
shunting such as cirrhosis and metastases - an
early hepatic vein transit time indicates a haemo-
dynamic abnormality.

Microbubble Contrast Agents

Unlike all other imaging technologies, until re-
cently US lacked agents that could be adminis-
tered to patients to improve or enhance the diag-
nostic information available. However, this has
changed with the recent introduction of mi-
crobubble contrast agents [3]. The field is a dy-
namic one, with many new agents being devel-
oped along with new ways to exploit the oppor-
tunities they offer [4-8]. Microbubbles are made
small enough to cross capillary beds (the pul-
monary capillaries have the smallest calibre in
the body at 7um) and are usually given as an in-
travenous injection (Fig. 1). The discovery of
their striking enhancement of US signals dates
from a chance observation by a cardiologist, Dr
Claude Joyner, who noticed an increase in the
signal intensity on an M-mode study of the aor-
tic root each time an injection of an iodinated
contrast medium was made for an angiographic
cardiac study [9]. Further investigation revealed
that the effect was not specific to the X-ray con-
trast agent, but occurred with any injected liquid
and, importantly for the ongoing development of
these agents, it was enhanced by first drawing up
some of the patient’s blood into the syringe. Dr
Steve Feinberg found that this improvement re-
sulted from the stabilising effects of serum albu-
men, and that the enhancement resulted from
gas bubbles in the injectate, demonstrated by the
fact that the effect was suppressed if the fluid was
subjected to high pressure in the syringe. The
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Fig. 1. Light microscope view
of a phospholipid-shell mi-
crobubble. The size distribu-
tion and spherical form of
these microbubbles is shown
in this micrograph. The scale
represents 25. (Image cour-
tesy of Dr. Charles Sennoga,
Imaging Sciences Department,
Imperial College, London)

first clinical applications of the phenomenon
used “shaken saline”, which was actually injected
rapidly from one syringe into another via a
three-way tap so that traces of air were incorpo-
rated as bubbles, often stabilised by a small
amount of the patient’s blood. This was used to
reveal right-to-left intracardiac shunts, seen as
echoes in the left atrium or ventricle following
intravenous (iv) injection using M-mode or B-
mode scanning. The size of the bubbles thus pro-
duced could not be controlled and unfortunately,
some serious complications occurred, notably
paradoxical cerebral emboli, producing transient
or prolonged ischaemic attacks and even an as-
sociated death. The development of colour
Doppler obviated the need for shaken saline in-
jections for the detection of these shunts. The
line of research eventually led to the commercial-
isation of Albunex, which is produced by high in-
tensity sonication of an albumen solution.

A different line of work cumulated in the de-
velopment of disaccharide-based microbubbles
such as Echovist and Levovist [10, 11]. Develop-
ment of these agents resulted from the hypothe-
sis that pressure changes in the left ventricle
could be estimated by measuring the resonant
frequency of microbubbles in the blood because
the change in mean diameter would correspond
to a change in the acoustic resonance. Many
means of making microbubbles were evaluated,
including using the ability of rough surfaces to
act as nidation sites, much as irregularities on
the inside of a glass trigger the formation of bub-

bles from a carbonated drink. Amongst the mate-
rials tried, sugar crystals seemed promising, as
they are non-toxic and well characterised. They
were ground into a fine powder to produce a ma-
trix of microcrystals. The size of the resultant
microbubbles depended on the dimensions of
the spaces between the microcrystals. Unfortu-
nately, measuring intracardiac pressure turned
out to require an extremely tight microbubble
size-range and the original goal was never
achieved. However, the microbubbles produced
gave strong enhancement. The first agent to enter
clinical trials, Echovist, had only a short life in
the circulation after iv injection because it was
not stable enough to survive cardio-pulmonary
transit and thus it could only be used for intrac-
ardiac shunt detection. Though safer than shaken
saline (because of the controlled microbubble
sizes), it too was replaced by colour Doppler for
this purpose, though it is still used in US contrast
salpingography. The addition of traces of a sur-
factant (palmitic acid) greatly improved stability
so that the bubbles could survive cardio-pul-
monary passage to give left-sided heart enhance-
ment, hence its designation as Levovist. It also
enhanced the signals from the peripheral vascu-
lature, and was licensed for Doppler enhance-
ment of vessels such as the carotid arteries and
the portal system. Unfortunately, it turned out
that the enhancement it gave necessitated dis-
ruption of the microbubbles (in fact, only the
free air bubbles liberated in this process were re-
sponsible for the US signals) and therefore, only
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short duration studies could be performed: the
act of imaging these fragile microbubbles de-
stroyed them.

Levovist was found to have one very useful
property: it is taken up by the reticulo-endothe-
lial system in the liver and spleen where it per-
sists for several minutes after it has been cleared
from the circulating blood pool [12]. This prop-
erty, which was a chance discovery, proved to be
useful for the detection of focal lesions such as
metastases that did not contain Kupffer cells,
even when they were undetectable on unen-
hanced scans because of their small size or be-
cause of lack of contrast with the surrounding
liver (so-called isoechoic metastases). Tissues
that were comprised of functioning liver, such as
focal fatty change, regenerating nodules and fo-
cal nodular hyperplasia, shared this property
with the surrounding liver and so disappeared in
this late phase rather than becoming prominent
as defects against the enhanced liver back-
ground, as was the case with metastases. Newer
microbubbles share this property to some extent,
though it seems likely that they are not specifi-
cally taken up by phagocytes, but instead simply
float in the high capacity vasculature of the sinu-
soids in the liver and spleen. The importance of
this late sinusoidal phase for the detection of ma-
lignancies, first discovered with Levovist, also ap-
plies to the newer agents.

As well as reflecting incident US, microbub-
bles respond to the alternating compression and
rarefaction cycles of the US wave by changing di-
ameter, since their gas content is much more
compressible than tissue. These oscillations are
typically asymmetrical (the gas tends to resist
compression but expands more easily) and this
“non-linear response” alters the character of the
returned signals. Signal processing to select these
signals and separate them from tissue echoes has
been developed and it permits continuous real-
time imaging of the contrast agent as it arrives at
a region of interest and then washes out over 2-5
minutes. This allows the arterial and venous
phases to be studied. In addition, many agents
show an affinity for the liver and spleen, persist-
ing in normal sinusoids for many minutes. This
parenchymal ‘sinusoidal’ or ‘late’ phase high-
lights masses that do not contain normal liver
tissue and has proven to be particularly valuable
for detecting metastases, while the arterial phase
helps characterise focal lesions in the liver (and
to a lesser extent, in the spleen) by virtue of their
vascular supply.

In addition to their value in imaging, mi-
crobubbles may be used as tracers to provide in-
formation on haemodynamics. An example is the
ability to time the delay from their first appear-

ance in the hepatic artery until they arrive in he-
patic vein branches. Normally this takes 12 sec-
onds or more, but when there is arterio-venous
shunting in the liver this time is greatly short-
ened. This simple test has been shown to be able
to discriminate mild from severe forms of viral
hepatitis and to separate both from frank cirrho-
sis [13, 14]. It seems also to be capable of detect-
ing micrometastases in colorectal cancer [15].

Microbubble Properties

The microbubbles used as contrast agents for US
are made to be smaller than 7 pm in diameter so
that they can cross capillary beds. When adminis-
tered intravenously, these agents flood the blood
pool and remain within the vascular compart-
ment unless there is active bleeding. Thus, they
serve as blood pool agents and their contrast ef-
fects are closer to those of the labelled red blood
cells used in nuclear medicine studies than to the
ionic agents used in X-ray and MR studies; in par-
ticular, microbubbles do not cross the endotheli-
um and therefore do not have the interstitial
phase that is typical of the conventional contrast
agents. Microbubbles do not seem to affect blood
flow and generally behave in the same way as red
blood cells (with the important exception of when
they are phagocytosed by the reticulo-endothelial
system, which treats some microbubbles as for-
eign particles - see below).

They must survive passage through the car-
dio-pulmonary circulation to produce useful sys-
temic enhancement. Both the gas they contain
and their stabilising shell are critical to their ef-
fectiveness as contrast agents and to rendering
them sufficiently stable, allowing them to persist
for several minutes after injection. The first agent
for cardiac use, Albunex, has a shell of denatured
albumen and contains air. The first widely used
agent, Levovist (Schering, Germany), is made of
galactose microcrystals whose surfaces provide
nidation sites on which air bubbles form when
they are suspended in water; they are stabilised
by a trace of palmitic acid which acts as a surfac-
tant. An improved version of Albunex, Optison
(GE, UK), is filled with perfluoropropane while a
family of perfluoro gas-containing agents such as
SonoVue (Bracco, Italy) and perflutren (Definity,
Bristol Meyers Squibb, USA) that use phospho-
lipids as the membranes are important in clinical
practice.

High molecular weight gases are chosen for
their slow diffusion through the membrane, pro-
longing their effective life in the circulation,
where they are subject to mechanical trauma by
the action of heart valves and by the US beam.
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Obviously, the gas should be biologically inert
and for this reason, the perfluoro gases have been
chosen, in which a carbon chain has its hydrogen
atoms completely replaced by elements such as
fluorine or sulphur. The perfluorocarbons such
as perfluoropropane (a three carbon chain com-
pound used in Definity) have excellent durability
and provide strong enhancement. SonoVue con-
tains sulphur hexafluoride, which is charac-
terised by very low solubility in blood and is also
a very effective contrast agent.

The membrane is also critical for both
longevity and resonance and, naturally, must also
be biologically inert. Denatured human serum
albumen (HSA) is used in several contrast agents
(Albunex and Optison are available for clinical
use, but Quantison has been withdrawn from
further development). Denatured HSA is suffi-
ciently flexible to allow the bubbles to respond to
the acoustic pressure changes when insonated. In
general, it is biologically inert, with the denatura-
tion neutralising any immunogenic potential.
However, there have been theoretical concerns
over the possibility of transmitting viral or prion
diseases because of the human origin of the pro-
tein. While this is unlikely because of the dena-
turing process to which the albumen is subject-
ed, there remains a risk, so ethics committees
have insisted that the origin of the shell be clear-
ly labelled in patient information sheets, which
has resulted in a few patients refusing to have
this type of contrast agent.

Many microbubbles use phospholipid-shells.
The bubbles are not present in the lyophilised
powder that is presented in the vial, but are
formed during agitation after the diluent (usual-
ly normal saline) has been added. The size of the
resulting microbubbles and their shell thickness
are critically determined by the exact mixture of
the different phospholipids and the associated
surfactants. The consistency of the resulting mi-
crobubbles is remarkable. Again, the shell prop-
erties are important for both the stability and re-
sponse of the microbubbles.

Microbubble Behaviour

While the classical specific acoustic impedance
change between plasma and gas is sufficient to
produce strong signals from microbubbles, just
as from any other gas, the effect is weak in vivo
because of the high dilution (for example, a dose
of 5mL in around 5 litres of blood, i.e. 1:1000 or
more). On intravital microscopic views after in-
jection of clinically equivalent doses, one sees
one microbubble pass between several hundred
red cells. Using conventional B-mode scanning,

the effect can be discerned in large blood spaces
such as the cardiac chambers, but not in smaller
vessels. Doppler is more sensitive and can be
used in clinical practice. The effect is useful for
improving the signal-to-noise ratio of studies in
situations where the signals are attenuated. This
application, known as ‘Doppler rescue’, is impor-
tant for transcranial Doppler where the skull at-
tenuates the signals from intracranial arteries.
Contrast agents are widely used in neurology
centres where monitoring vasospasm after cere-
brovascular events is important. It is also useful
in otherwise difficult radiological studies, for ex-
ample, for renal artery stenosis and for Tips
shunts in the liver, both of which are situations
where attenuation of the Doppler signals fre-
quently impedes unenhanced studies. In
‘Doppler rescue’, important as these studies may
be, essentially no new principles are involved, the
microbubbles simply boost the signals from
blood.

However, the behaviour of microbubbles in a
US field is unique and this can be exploited in
entirely new ways to give information of a new
order, in particular in detection of the microcir-
culation. This unique phenomenon results from
the high compressibility of the gas of microbub-
bles: whereas tissue is virtually incompressible
(the molecules moving only a few Angstroms as
the ultrasonic compression and rarefaction wave
passes), microbubbles expand and contract
markedly. The extent of the change depends on
the acoustic power applied, but at diagnostic lev-
els they may halve and double in size.

Bubbles have a natural oscillation frequency,
or resonance, depending on their size. When the
driving pressure changes of the US are matched
to this resonant frequency, the bubbles become
extremely efficient at translating the sound ener-
gy from the propagating sound wave into scat-
tered signals. The frequencies used for abdomi-
nal US imaging are in the 3-5 MHz range. This
corresponds to the resonant frequencies of 3-5
microbubbles (5 p SonoVue microbubbles, for
example, resonate at around 5 MHz and those of
2 presonate at 7 MHz). This is a coincidence, be-
cause different considerations determine the
bubble size and the acoustic wavelength needed,
but it accounts for the exceptionally strong re-
sponse of US contrast agents (Fig. 2).

In addition to the resonance effect, the re-
sponse of the microbubbles to the US wave be-
comes non-linear at higher acoustic pressures.
This behaviour results from the fact that the bub-
bles are able to expand more easily than they
contract because the increasing bubble pressures
at smaller volumes resist further compression
due to their stiffness, whereas further expansion
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consumes less energy. This means that their di-
ameter change is asymmetrical about the radius
at equilibrium, with larger increases in the rar-
efaction phase than contractions in the compres-
sion phase. Thus, the signals returning from the
bubbles are a distorted version of the insonating
wave; this is known as a non-linear response. At
still higher pressures, the bubble oscillations be-
come more complex, diverging from simple
spherical changes and further increasing the
non-linear properties of the scattered US.

These non-linearities appear as harmonics
(or overtones) of the original transmitted US fre-
quency and can be seen on a frequency spectrum
of the returning signals. Usually these are higher
frequencies (most prominently the second har-
monic at twice the transmitted or fundamental
frequency); higher third or fourth order har-
monics are typically outside the range of sensi-
tivity of the US transducer and so are unde-
tectable. For higher frequency applications, the
second harmonics are very strongly attenuated
and often lie outside the band pass of the trans-
ducer. An alternative approach to harmonic im-
aging is to use microbubbles with a second har-
monic frequency tuned to the transducer centre
frequency and detect the subharmonic signals
from the microbubbles, i.e., at half the transmit-
ted frequency. There are also other sources of
non-linear behaviour, which occur because of the
pressure dependent behaviour and the inertia of
the bubble shell. For example, if two similar puls-
es with differing amplitudes are incident on the
microbubbles, the scattered response will not be
directly proportional to the difference in the in-
cident pressures. This asymmetrical response is
not associated with a change in frequency and

these non-linear responses at the fundamental
frequency are important because the transducer
is at its most sensitive at this point and pulses
can be designed to use the full bandwidth of the
transducer most efficiently [16]. In practice, a
combination of these two sources of non-lineari-
ty is employed by modern US scanners to gener-
ate contrast-specific images.

A mathematical description of the non-linear
response of a microbubble has been devised and
is commonly referred to as the modified
Rayleigh-Plesset equation. A number of re-
searchers have developed variations on this mod-
el, an example described by de Jong is presented
in equation (1) [16a]. This model describes the
bubble radius as a function of time and accounts
for the physical properties of the bubble shell
and the effect of the gas within the bubble. The
model takes the form of a second order differen-
tial equation:

(1)

w3 a7 g 20 11 :
PRR"'EP R = pg()(%) P, =P~ T 2SP(R__E) - 67, 0pRR- p,,
0

Where R is the instantaneous bubble radius; p
is the density of the surrounding medium; Py, is
the initial gas pressure inside the bubble; P, is the
vapour pressure; P, is the hydrostatic pressure;
o is the surface tension coefficient; O is the to-
tal damping coefficient due to sound radiation,
liquid viscosity, heat transport and the viscous
resistance of the encapsulating shell; wis the an-
gular frequency of the incident sound field; Py is
the time varying pressure of the acoustic field; S,
is the shell stiffness parameter and I" is the poly-
tropic exponent of the gas. **” denotes differenti-
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ation with respect to time. The model is only ap-
plicable for low acoustic driving pressures, when
the bubble oscillations remain radially symmet-
rical. At higher pressures, the bubble behaviour
becomes more complex and the bubbles will ulti-
mately be disrupted. This disruption can cause
fragmentation into smaller bubbles or the release
of free gas bubbles; in both cases, the resulting
bubbles then dissolve more rapidly.

Methods for Detection of
Microbubble Signals

The change in density at the surface of a bubble
in plasma represents a major impedance mis-
match and the echogenicity this produces is ex-
ploited in the uses of microbubbles to improve
Doppler studies, so-called ‘Doppler rescue’. The
increase in the reflectivity of blood thus pro-
duced is obvious and useful for Doppler but is
not visible on conventional grey-scale imaging
because the microbubble concentration is too
low.

The harmonics emitted by microbubbles, as
described above, can be used to image US con-
trast agents by tuning the receiver to the har-
monic signal (e.g. the second harmonic at double
the fundamental frequency), so that the harmon-
ics can be separated from the fundamental sig-
nals from tissue.

However, in order to perform a good separa-
tion of the harmonic microbubble signals from
the linear scattered tissue signals, a longer, nar-
row band US pulse must be used. This trade-off
results in a compromise between sensitivity and
specificity to microbubbles versus image resolu-
tion. Furthermore, tissues also produce harmon-
ics, especially when higher acoustic powers are
used and these contaminate the signals from mi-
crobubbles. Tissue harmonics result from distor-
tion of the acoustic wave as it propagates
through the tissue and arise because the wave
travels slightly faster through the higher density
tissue at the high pressure phase of the wave than
in the lower density tissue in the rarefaction
phase (sound velocity depends on the density of
the medium). Thus, the wave of the transmitted
pulse is gradually distorted as it propagates
through the tissue, i.e. US conduction is non-lin-
ear, and this implies that harmonics are added to
the signal. The higher the acoustic power, the
greater the effect. Tissue harmonics are exploited
in conventional B-mode imaging to reduce side-
lobe and reverberation artefacts but contaminate
the non-linear signals from microbubbles and
appear as noise in contrast-only images.

Distinguishing between tissue and microbub-

ble harmonics is challenging; in practice, when
using many of the simple contrast modes avail-
able, the two signals are inextricably mixed to-
gether. The fact that tissue harmonics are
stronger when a higher acoustic power is used
underlies the use of a low mechanical index (MI)
for contrast studies. This has the important
added benefit of minimising bubble destruction
and so allowing continuous real-time scanning.
Inevitably, low MIs are associated with reduced
signal-to-noise ratios so the contrast images may
become noisy and a compromise may have to be
reached.

The goal of separating tissue from microbub-
ble harmonics completely can be achieved in two
ways. In the first to be discovered, a high MI
beam is used and the microbubbles are deliber-
ately disrupted. Using a multipulse sequence
such as standard colour Doppler, the sudden dis-
appearance of a signal from its previous location
(loss of correlation between sequential echoes) is
seen as a major Doppler shift and is registered as
colour signals [12]. This method works well for
the more fragile air-based agents such as Levo-
vist, and modified colour Doppler signal process-
ing has been developed to optimise the display,
particularly by improving spatial resolution. This
approach, often known a Stimulated Acoustic
Emission (SAE), is particularly successful in the
late phase of contrast agents that show
liver/spleen tropism a few minutes after injec-
tion. Lesions that do not contain functioning tis-
sue, such as malignancies, are shown as voids in
the colour map, because Levovist highlights the
normal liver and spleen. This method has the ad-
vantage of high sensitivity (it can probably de-
tect a single microbubble being disrupted) and
of showing the microbubble signature exclusive-
ly in the colour layer of the registered image with
the conventional grey-scale image as an under-
layer or on a split screen display for navigation
purposes. However, because the contrast agent is
rapidly destroyed, real-time scanning cannot be
used, so a rather clumsy sweep-and-review ap-
proach has to be adopted [17].

The alternative approach, and now the mode
of choice for contrast studies, relies on the fact
that newer microbubbles, particularly those with
phospholipid-shells, can be driven to generate
non-linear signals at much lower acoustic powers
than those necessary to generate tissue harmon-
ics [18,19]. Thus, if a very low acoustic power can
be used without the image disappearing into
noise, only the microbubbles produce non-linear
signals and these can be separated from the tis-
sue signals. An important step in the progress to
this ideal was the development of the pulse in-
version mode (PIM), which evolved from the de-
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sire to detect microbubble harmonics but to
avoid frequency filtering [20] (Fig. 3). In this
mode a pair of pulses is sent sequentially along
each scan line, the second being inverted in po-
larity from the first. The returning echoes from
the pair are summed so that the linear echoes

Single Pulse
60 1 H T

a MHz

Sequence
60

40

dB

20

-20
0
b MHz

Fig. 3. Frequency Spectra of Microbubbles. In these charts the fre-
quencies emitted by the microbubbles in a water tank is plotted on
the X-axis with the signal strength on the Y-axis. a Shows the spec-
trum using a single pulse of 2 MHz frequency, as used in conven-
tional B-mode imaging. The fundamental signal at 2 MHz is domi-
nant but there are also second and third harmonics at 4 and 6 MHz.
In b, a phase inversion sequence was used: the fundamental (and
the third harmonics) have been suppressed, leaving only the sec-
ond harmonic. This approach allows the microbubble signals to be
separated from tissue signals. (The red lines are the averages of re-
peated measurements and the black lines indicate the standard
deviation of the measurements) (Modified from [16])

cancel because they are completely out-of-phase,
leaving only non-linear components for image
formation. Spatial resolution is not impaired be-
cause the transmitted pulses are the same as
those used for conventional imaging. PIM gives
excellent quality images in both vascular and late
phases and, like the high MI modes, detects the
presence of microbubbles without relying on
their motion. Thus, both these modes can detect
contrast within the microcirculation though, of
course, vessels smaller than the resolution limit
of US - some 200 pm at best - cannot be resolved
as discrete structures.

In its initial implementation, PIM deployed
relatively high MIs, resulting in contamination of
the microbubble signals by tissue harmonics.
Special approaches are required to operate at the
low powers needed to avoid tissue harmonics
without too much image degradation. One
method is to send a stream of alternating phase
inverted pulses and use colour Doppler circuitry
to pick out the harmonics; essentially this
method (known as Power Pulse-Inversion, PPI)
exploits the high sensitivity of Doppler to over-
come the signal-to-noise limitation [20]. By us-
ing the Doppler circuitry to depict the microbub-
ble signature, the B-mode tissue image can be
displayed as a background image, just as in
colour Doppler. In a similar approach to PPI, the
direction of flow of the microbubbles (and there-
fore of blood) in larger vessels is detected with
low MI velocity Doppler, while slow moving and
stationary microbubbles are shown in green us-
ing a pulse inversion sequence. This combined
mode, known as Vascular Recognition Imaging
(Toshiba), also allows the microbubble signature
to be displayed separately from, or combined
with, the B-mode and provides additional infor-
mation on the flow direction in larger vessels.

Another approach also uses a series of pulses,
though only three per line, but as well as invert-
ing the phase, the amplitude of the pulses is
changed and this preserves more of the non-lin-
ear content of the received signals and thus im-
proves sensitivity [21, 22]. Implemented as Con-
trast Pulse Sequences (CPS, Siemens Acuson), the
non-linear microbubble signals are displayed in
a colour tint over the B-mode picture or as a split
screen so that both can be viewed as required.

All of these modes operate at very low trans-
mit powers (MI <0.2) and, as well as not produc-
ing tissue harmonics, this has the important ad-
vantage that bubble destruction is minimised so
that real-time scanning can be used. This makes
contrast studies much easier to perform since no
special scanning techniques are required.
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Functional Studies

The use of microbubbles for functional studies
employs analytical techniques originally devel-
oped for nuclear medicine, CT and MRI [23]. Es-
sentially, following a bolus injection, the arrival
and wash-out of the microbubbles is tracked in a
region of interest, for example, a major vessel or
a tissue region. The way the contrast signal
changes with time is plotted as a time-intensity
curve from which a variety of features can be ex-
tracted. These divide into two families, those re-
lating to the timing of the changes and those re-
lating to the amount of enhancement: some fea-
tures such as the full-width-at-half-maximum
value, incorporate both temporal and quantita-
tive values. The quantitative features depend on a
fixed relationship between the amount of mi-
crobubbles in the region of interest and their sig-
nal strength [24]. This has been demonstrated to
be largely true for Levovist under clinically rele-
vant concentrations using the spectral Doppler
signal strength [25] and with colour Doppler for
other microbubbles [26], but not for non-linear
modes with newer types of microbubble. It seems
certain that this predictable relationship will
breakdown when the concentration of the mi-
crobubbles is high because they self-shadow, an
effect that is obvious in clinical studies of the left
ventricle of the heart. It is also likely that the re-
lationship varies with the region’s depth in the
body, because of simple attenuation, so that com-
parison for regions at different depths may not
be valid.

However, these limitations do not apply to the
temporal features, which are therefore likely to
be more robust. Examples of these are the time
from injection to arrival or to peak enhancement
(e.g.,in a tumour) and the delay between the ap-
pearances in related vessels (e.g., the hepatic or
renal artery and vein).

Measurement of the signal strength can be
made off-line and much pioneer work in this
field was carried out with the audio output from
spectral Doppler, which can easily be digitised by
a computer equipped with a sound card. The
two-dimensional data can also be analysed, ei-
ther using digital cine clips, despite the fact that
they are usually too short, or from videotaped se-
quences. Software to perform the analyses on
this data has been developed by several academ-
ic laboratories and is frequently found built-in to
modern clinical US scanners. This has the advan-
tage of allowing the data used for analysis to be
corrected for scanner settings such as gain and
TGC. In practice, these applications offer a tool
with which a series of regions of interest can be
drawn on screen, and offer a selection of other

analytical tools. Some also incorporate motion
tracking [22], which helps to correct for the ef-
fects of respiratory motion. For cardiac use, ECG
gating is essential.

The raw time-intensity curves are usually
noisy, with cardiac fluctuations superimposed on
the slower wash-in and wash-out data (as well as
other forms of noise and clutter) and usually re-
quire smoothing before they can be analysed.
If only the initial wash-in data is required (e.g.,
for arrival time measurements), the curve does
not need further manipulation, but the effects of
recirculation must be corrected in order to
analyse the decay parts of the curve. This is usu-
ally done by applying a y-variate fit which essen-
tially strips out late surges in the signal strength
caused by recirculation [27].

The best features for discriminating between
various pathologies, such as benign from malig-
nant, are still being worked out. In some applica-
tions, such as the hepatic vein transit time, nor-
mal values and the effects of using different con-
trast agents have been established and simple,
practicable methods for clinical implementation
have been developed. This method is particularly
promising for the grading of changes in the liver
in viral hepatitis and deterioration to cirrhosis; it
may be possible to reduce dependence on biop-
sies to assess the best time to offer antiviral ther-
apy. Another promising application of the hepat-
ic vein transit time is in the detection of occult
metastases.

Another way to use the dynamic data from
tissue regions is to assemble the image sequence
into functional (parametric) images, for example
depicting the time to arrival of the contrast agent
[28]. This approach is particularly promising in
tumours, since it could be expected to highlight
chaotic flow in malignancies.

A unique way to obtain excellent bolus arrival
characteristics exploits the fragility of many
types of microbubble in the sound field. First de-
veloped for the myocardium [29], this method
uses a high MI beam to destroy the microbubbles
within a slice of tissue. As the contrast refills the
slice that has been cleared, the signals build ex-
ponentially, as described by the equation:

I=A(1-ePt)

where I = signal intensity and t is the pulsing in-
terval. The slope of the exponent (B) is propor-
tional to the speed of flow into the slice while the
peak signal strength, A, is proportional to the
fractional vascular volume. The product of these
two parameters is an indirect measure of tissue
perfusion. This provides the opportunity to com-
pare perfusion in adjacent tissue regions.

A practical way to generate reperfusion
curves is to switch the scanner to a high MI
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mode (often this uses colour Doppler beams) for
a second or so and then to a low MI contrast
mode to observe the tissue refill in real-time. As-
sumptions involved include the supposition that
the low MI beam is non-destructive (probably
this is unachievable), that microbubble destruc-
tion is complete within the slice, and that the cir-
culating concentration is steady. It also assumes
that the tissue does not move across the scanned
beam.

Reperfusion Kinetics using this technique
have been applied to the heart [29] and the brain
[30] and the resulting perfusion overlay images
are impressive, though this has not yet become
accepted as a clinical tool. A small study in the
kidney wusing the destruction-reperfusion
method with Levovist infusion in normal volun-
teers showed a good correlation between cortical
flow increases produced by administration of
dopamine and total renal blood flow, measured
as the clearance of radio-labelled paramino hip-
purate (PAH) clearance [31]. The fractional vas-
cular volume did not change. Though this was a
small study, it convincingly demonstrated that
non-invasive renal blood flow measurements are
feasible.

Targeted Microbubbles

Despite the apparent simplicity of their shells,
ligands can be attached to microbubbles to target
them to specific cell membrane molecules for di-
agnostic or therapeutic purposes [32,33]. A com-
mon way to effect this is to exploit the biotin-
avidin conjugation system. Avidin, found in egg
albumen, has high affinity for biotin, a vitamin,
and proteins bind to the complex [34, 35]. Anti-
bodies or protein ligands for example, can be at-
tached to activated endothelium in this way. Mi-
crobubbles modified in this way selectively bind
to e-selectin that is expressed on endothelium
that has been activated (for example, by inflam-
matory processes including atheroma), but not
on normal endothelium. They remain acoustical-
ly active and emit harmonics when insonated.
Thus, they can be used to detect activated en-
dothelium. Other potentially useful ligands in-
clude monoclonal antibodies directed against
malignant cells and against activated platelets
that are found in fresh thrombus [33, 36].

Drug Delivery
The potential for drug and gene delivery using

US and microbubbles is a research arena of great
interest [37]. The process is twofold: US, even at

diagnostic power levels, produces transient gaps
in cell membranes that facilitate ingress of mole-
cules present in the interstitial fluid [38]. This
process is known as sonoporation. The cell wall
defects close spontaneously within hours or min-
utes of turning off the US field and, provided the
acoustic power is low, do not seem to cause per-
manent damage to the cells. This enhancement
of incorporation of ambient molecules is im-
proved if microbubbles are also present, presum-
ably because of the mechanical effects of the mi-
crobubble oscillation as they resonate in the
sound field. Thus, microbubbles can be used to
potentiate incorporation of molecules into cells.
Even large molecules such as genetic material
can be incorporated in this way, a process known
as transduction. Furthermore, genetic material
incorporated in this way remains active and can
synthesise copies of functioning enzymes [39]. A
hope is that further selectivity can be achieved
by using targeted microbubbles.

Safety of Microbubbles

The safety of microbubbles needs to be assessed
both in terms of their effects on the body, in the
same way as any administered substance, as well
as for effects associated with their response to US
energy [40, 41]. Overall, the fact that several mi-
crobubble preparations have gained approval by
regulatory bodies following extensive phase
three clinical trials underlies their safety in clin-
ical practice. Minor adverse effects of contrast
agents are reported in less than 5% of subjects
and typically include transient discomfort at the
injection site, taste aberrations and vaso vagal at-
tacks. Some serious adverse events have been re-
ported in post-marketing surveillance by manu-
facturers, including premature ventricular con-
tractions (PVCs) during echocardiography [42].
These occur when US at high MIs is used at end
systole (a particularly sensitive phase of the car-
diac cycle) and the effect is reproducible in ani-
mal studies. It is increased when high doses of
contrast are used, leading to the obvious recom-
mendation to use low MIs and low doses for
echocardiography.

Rare adverse events emerge for all drugs that
are used extensively and, for US contrast agents,
these include allergic or hypersensitivity reac-
tions that cannot be predicted from the clinical
trials. Three deaths have been reported following
contrast echocardiograph studies, all in patients
with severe coronary artery disease. Though the
temporal relationship and the underlying clinical
instability of these patients suggested that the
deaths were not related to the contrast agent
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used, the agent was withdrawn temporarily and
caution was advised for patients with angina
when it was later reintroduced.

Clinicians using microbubble contrast agents
need to be trained to deal with such rare but seri-
ous adverse events, as recommended by the Eu-
ropean Federation for Ultrasound in Medicine
and Biology [43]: “It is recommended that inves-
tigators wishing to undertake UCA examinations
should gain experience by observing contrast
studies being performed in a department with ex-
pertise in this area. They should also ensure that
their equipment is optimized for contrast exami-
nation by discussion with their equipment manu-
facturers. It is also important that in their own
department there are adequate numbers of exam-
inations being performed and different types of
pathological processes being observed to acquire
and maintain their skills. Practitioners need to be
competent in the administration of contrast
agents, familiar with any contra-indications and
be able to deal with any possible adverse effect,
within the medical and legal framework of their
country.”

In vitro studies show that US from clinical
scanners produces effects such as sonoporation,
detachment from glass substrates, haemolysis
and cell death in the presence of microbubbles at
diagnostic concentrations. These effects seem to
be mechanical and are increased by using higher
acoustic powers, by higher concentrations of mi-
crobubbles and by close proximity to cells, espe-
cially when they microbubbles have been phago-
cytosed. There does not seem to be a lower

threshold for these effects.

Similar effects have been demonstrated in vi-
vo, either using clinical scanners or with similar
pulsing and power conditions and clinical mi-
crobubble concentrations. In particular, rupture
of the microvasculature and intestinal peticheae
have been observed. Though it is difficult to ex-
trapolate these observations to human condi-
tions, presumably these effects can also occur in
humans. Their clinical relevance is unclear be-
cause capillary haemorrhage is commonplace
under minor everyday stresses, including in the
feet due to walking and in the lungs due to
coughing, suggesting that they should not be of
great concern. The possibility of damage to the
cerebral microcirculation has been studied in
human transcranial Doppler examinations and
no effect has been found [44].

Microbubbles in the blood increase the vul-
nerability of many mammalian tissues and or-
gans to damage from lithotripter fields in vivo.
The increased vulnerability can persist for hours
and this forms the basis for the advice not to use
US contrast materials for 24 hours before
lithotripsy.

Overall, though more work needs to be done,
this class of contrast agents is very well tolerated
and the agents may be used in patients with re-
nal, cardiac and hepatic failure without concern.
The restriction to avoid the use of SonoVue in
patients with ongoing angina is the only safety-
related limitation to have emerged in a period
when microbubble agents have been used safely
to benefit many thousand patients.

Key Points

The complex behaviour of microbubbles in the sound field leads to unique signatures that
can be selectively displayed.

Specific software can show the microbubble distribution alongside a conventional B-mode
image in real-time.

The use of low MIs minimises microbubble destruction and allows real-time observa-
tion for the duration of the microbubbles in blood, up to several minutes after injection.

The exquisite sensitivity of the combination of microbubble-specific imaging modes and
newer types of microbubble extends the abilities of ultrasound so that now the micro-
circulation can be studied as well as larger blood vessels.

The use of microbubbles as tracers for ultrasound opens the way to functional studies.

Ligands and large molecules can be attached to microbubbles, offering the possibility of
targeted, molecular imaging and of drug and gene delivery using these tools.
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SecTION I

Clinical Application
of Contrast Ultrasound
in Liver Diseases



1.1

Characterisation of Benign Focal Liver Lesions
with Contrast-Enhanced Ultrasound (CEUS)

Christoph F. Dietrich

Introduction

Conventional B-mode ultrasound (US) allows
for the definite diagnosis of common typical
liver cysts by differences in echogenicity in com-
parison to the surrounding liver tissue using the
following criteria: round, non-echogenic,
smooth surface, sharp borders, lateral shadow-
ing, posterior echo enhancement. Conventional
B-mode US also allows for the definite diagnosis
of calcifications due to their typical appearance:
echo-rich with acoustic shadows [1].

Other focal liver lesions (FLL) are charac-
terised sonographically, not only by analysis of
differences in echogenicity from the surround-
ing liver tissue, but also by the detection of
hyper- or hypovascularization (colour duplex
US) and by changes occurring in inflow kinetics
(enhancement) of contrast media. As a result of

their double blood supply via both the portal
vein and the hepatic artery, focal lesions in the
liver often exhibit no sustained hyper- or
hypoperfusion, but depending on the perfusion
phase and the histology, present with a complex
spatio-temporal picture of increased and
reduced contrast-enhancement. Certain lesions
display a characteristic vascular picture (e.g.,
wheel-spoke phenomenon in FNH) or a distinc-
tive perfusion pattern (e.g., iris diaphragm phe-
nomenon in haemangioma), allowing the
lesions to be characterised. Unfortunately, con-
trast-enhancement does not always exhibit such
typical and unique patterns. Multiple reviews
and guidelines, as well as multicentre trials have
been recently published using contrast-enhanc-
ing techniques [2-7].

The following chapter focuses on benign liver
tumours and nodules, summarized in Table 1.

Table 1. Classification of liver tumours and nodular lesions (modified from [7a])

Cell of origin Benign liver tumour or nodular lesion Abbreviation
(in parenthesis malignant transformation)
Hepatocyte Hepatocellular adenoma (- hepatocellular carcinoma) HCA (HCC)

Focal nodular hyperplasia

FNH (FLHCC)

(= fibrolammelar hepatocellular carcinoma)

Nodular regenerative hyperplasia
Partial nodular transformation
Macroregenerative nodule

Bile duct epithelium

Bile duct adenofibroma
Mixed liver and bile duct cell

Endothelial cell Haemangioma

Bile duct adenoma (= combined hepatocellular
and cholangiocarcinoma)
Bile duct cystadenoma (> cystadenocarcinoma)

NRH
PNT
MRN

BDA (HCC/CCC)

BDCA (BDCACa)
BDAF

Mesenchymal hamartoma (= angiosarcoma)

Haem

Infantile haemangioendothelioma
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Differentiation of Benign and
Malignant Lesions

Characterization of a liver lesion begins once an
abnormality is found. An imaging procedure that
is used to detect liver masses should also enable
the examiner to differentiate between benign
and malignant lesions, since benign and malig-
nant lesions have been reported to vary in their
uptake during the portal-venous and liver specif-
ic late phase after injection of Levovist.
Homogeneous parenchymal Levovist uptake in
the portal-venous and liver specific late phase
seems to be indicative of benign focal liver
lesions [8-13]. We propose that the non-enhanc-
ing defects of malignant liver lesions, and also
abscesses, might be explained by the lack of liver
specific tissue, such as portal veins, sinusoids
and reticulo-endothelial cells. The extent of late
phase contrast uptake by a lesion is mainly deter-
mined by the degree of similarity of the lesion to
normal liver parenchyma, resulting in false posi-
tive findings and misinterpretation in patients
with abscesses, necrosis, scars, calcifications,
cysts, and thrombosis. As conventional B-mode
US can correctly diagnose cysts and calcifica-
tions, it is therefore mandatory to perform a
baseline scan before using US contrast agents.

The results of a previously published study show
that contrast-enhanced phase inversion sonogra-
phy may discriminate between benign liver spe-
cific tissue and non-liver specific tissue - mainly
malignant focal liver lesions in the portal-venous
and liver specific late phase (Tables 2, 3) [13].
Only a few false positive findings were
observed, mainly due to abscesses or necrosis,
and in two liver tumours. Of these, one was a
case of old focal nodular hyperplasia with pre-
dominantly scar tissue, and one was a case of an
inflammatory pseudo-tumour of the liver, which
was definitively diagnosed only by surgical
exploration. The difficulties in diagnosing
inflammatory pseudo-tumour of the liver is in
accordance with current literature [14].

Role of Contrast-Enhanced US in Clinical
Practice

Contrast-enhanced US (CEUS) improves the
detection rate of liver tumours in comparison to
conventional B-mode US. CEUS was shown to be
as effective as computed tomography (CT) and
magnetic resonance imaging (MRI) in detecting
neoplasia of the liver. We and others have
obtained similar results when differentiating
between benign and malignant lesions using

Table 2. Demographic profile and tumour size of patients with histologically proven liver tumours [13]

Characteristics

Demography
No (M/F)
Mean age (yr)+

Benign liver lesions (n = 95)
Focal nodular hyperplasia (n = 36)
Haemangioma (n = 31)
Adenoma (n = 10)
Abscess (n = 5)
Microhamartomas (n = 4)
Focal steatosis (n = 4)
Nodular regenerative hyperplasia (n = 1)
Hyperregenerative nodule (n = 1)
Focal biliary cirrhosis (n = 1)
Bacillary angiomatosis (n = 1)
Inflammatory pseudotumour (n = 1)

Malignant liver lesions (n = 79)
Metastatic liver tumour (n = 37)
Hepatocellular carcinoma (n = 33)
Cholangiocellular carcinoma (n = 4)
Lymphoma (n = 4)
Hemangioendotheliosarcoma (n = 1)

80/94
52+ 15 [7 - 80]

Mean size [mm]*
41 +24 [ 8-130]
51 + 18 [20-110]
37 + 31 [ 8-130]
40 + 20 [15-80]
40 + 24 [10-80]
12+ 2[ 9-15]
32 + 5[25-38]
40
35
25
50
40

40 + 21 [ 7-120]

33 + 12 [10-75]

42 + 24 [ 7-120]

59 + 42 [40-100]

44 + 17 [17-60]
100

+Mean * standard deviation [range]
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Table 3. Contrast-enhancement in 95 patients with histological-
ly proven benign liver tumours or lesions [13]

Liver tumour Isoechoic contrast-
enhancement
Benign liver lesions (n = 95) 88/95

Focal nodular hyperplasia (n = 36) 35/36
Haemangioma (n = 31) 31/31*
Adenoma (n = 10) 10/10
Abscess (n = 5) 0/5
Microhamartomas (n = 4) 4/4
Focal steatosis (n = 4) 4/4
Focal biliary cirrhosis (n = 1) 1/1
Bacillary angiomatosis (n = 1) 1/1
Nodular regenerative hyperplasia (n=1) 1/1
Regenerative nodule (n=1) 1/1
Inflammatory pseudotumour (n = 1) 0/1

*The vascular phase contrast-enhancement pattern of haeman-
giomas was variable. Characteristic was a progressive heterogeneous
centripetal fill-in and considerable enhancement on liver specific
late phase imaging, revealing diminished contrast to the surround-
ing liver parenchyma in all patients

SonoVue. Homogeneous uptake is indicative of
benign focal liver lesions. The importance of this
dual imaging approach (conventional B-mode
US/contrast-enhanced ultrasonography) is high-
lighted by the recognition of the high prevalence
of benign liver lesions in the adult population
that do not require treatment. These include
cysts, calcifications and most benign liver
tumours. Therefore, correct characterisation by
the ultrasonography as the primary imaging
method is crucial for the further diagnostic,
therapeutic and prognostic approaches.

Hepatic Tumour and Liver Nodule
Characterisation

Liver Cyst

Conventional B-mode US

Liver cysts are a common sonographic finding.
They are readily diagnosed using conventional
B-mode US. The typical cysts are echo-free,
round/oval, with well-defined borders with later-
al shadowing and posterior echo-enhancement.
Very early echinococcosis might be confused
with atypical liver cysts.

Colour Doppler Imaging

Blood vessels have to be excluded by colour

Doppler imaging ruling out arterio-portal-ve-
nous malformations with a cystic appearance.

Contrast-Enhanced US

Using CEUS, cysts show no contrast-enhance-
ment at all. As they may be confused with metas-
tases in CEUS, conventional B-mode US has to
precede CEUS. CEUS is helpful in recognising
echinococcosis at all stages.

Role of Contrast-Enhanced US in Clinical
Practice

In clinical practice, CEUS has no role in routine
diagnosis of cysts, since sensitive colour Doppler
techniques differentiate between vascular abnor-
malities and typical and atypical liver cysts in
almost all cases. CEUS can be helpful, however, in
the differentiation of neoplastic nodules in atypi-
cal liver cysts, which is a very rare condition.

Haemangioma

Conventional B-mode US

Most haemangiomas demonstrate typical sono-
morphological features in conventional B-mode,
including less than 3 cm in diameter, lobulated
with a well-defined outline, located next to liver
vessels, demonstrating an echo-rich texture and
sometimes posterior acoustic enhancement due
to blood filled capillaries (Table 4).

Table 4. Typical haemangioma, diagnostic criteria

B-mode Criteria

Less than 3 cm in diameter

Echo-rich structure

Homogeneous interior

Round or slightly oval shape

Smooth outline

Absence of any halo sign

Possible detection of feeding and draining vessel
Absence of any signs of invasive growth

Dorsal through-enhancement

Colour Doppler Imaging

Although haemangiomas are highly vascularised
masses, from the histo-pathological point of view
they consist essentially of a large number of cap-
illary-sized vessels and so, even with the use of
high-end machines, conventional colour Doppler
US often detects little or no blood flow inside hae-
mangiomas. This is due to the fact that the blood
flow velocity in the capillary haemangiomas is too
slow. The supplying and draining vessels (‘feed-
ings vessels’) may be visualised (depending on the
US system’s peformance) (Table 5).
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Table 5. Sonographic findings in 100 patients with haemangioma

Characteristics

Mean size [cm]

Echogenicity
Echo-rich
Isoechoic or echo-poor

Vascularity using colour Doppler imaging
No intra-lesional vessels
Intra-lesional vessels (hypervascular)

Peripheral nodular enhancement
Using Levovist
Using SonoVue

Complete iris diaphragm phenomenon within 60 seconds
Complete iris diaphragm phenomenon within 3 minutes

3cm 3 cm

90 (90%)
10 (10%)

92 (92%)
8 (8%)

25%
> 75%

>10%

*

*depending on the technique and US machine used

Contrast-Enhanced US

Tumour enhancement characteristics differ de-
pending on the contrast medium and technique
used (intermittent scanning versus continuous re-
al-time technique). Haemangioma characterisa-
tion using Levovist reveals arterial fill-in within 1
minute in up to 10% of patients histologically
demonstrating arterio-portal-venous shunts (so-
called ‘shunt haemangioma’). Contrast-enhance-
ment using Levovist showed peripheral nodular
contrast-enhancement in about 25% of patients. In
contrast, the typical CEUS sign of haemangioma
using SonoVue is peripheral nodular contrast-en-
hancement, observed in more than 75% of pa-
tients, focussing on the tumour periphery (Fig. 1).
There is a significant learning curve not to confuse
a small thrombosed haemangioma with a metasta-
sis. Centripetal fill-in is the second typical sign
sparing thrombosed areas and calcifications. The
iris diaphragm phenomenon known from angio-CT
as caused by centripetal perfusion of a haeman-
gioma, is only visible by repeated imaging of the
same region, which is easy to perform using
SonoVue but difficult using Levovist due to bubble
destruction. Depending on the size of the haeman-
gioma, the typical ‘filling-in’ of contrast medium
from the periphery towards the centre can take
several minutes in CT, but is constantly observed to
occur faster in CEUS. The kinetics are variable, and
in the case of haemangiomas with abundant arte-
rio-portal-venous shunts, the process can last less
than a minute or even only a few seconds (Fig. 2).
Therefore, imaging in the first 60 seconds is of ut-
most importance in characterising haemangiomas
by CEUS, demonstrating the superiority of
SonoVue in comparison to Levovist in that a con-

tinuous real-time technique may be performed.

Using echo signal enhancers, the iris diaphragm
phenomenon is ideally also detectable with con-
trast-enhanced power Doppler US. Injection of the
signal enhancer often produces strong artefacts, in
particular ‘blooming’ - a gush of colour coding af-
ter administration of the agent. Since the effect is
intensified by movement of the surrounding struc-
tures, exact imaging of the agent’s flow into a hae-
mangioma cannot be achieved in the vicinity of
the diaphragm and in the left liver lobe (artefacts
due to the action of the heart). In the phase-inver-
sion technique, any artefacts appearing after the in-
jection of the signal enhancer can be avoided, or at
least considerably reduced. Unfortunately, even
with this typical representation of perfusion, con-
fusion with liver metastases from gastrointestinal
carcinomas is possible, potentially leading to a
wrong diagnosis. An examination in the liver spe-
cific late phase with Levovist may be useful in such
situations (5-10%), since in the late phase metas-
tases exhibit a sharp contrast to normal liver tissue,
while in the case of haemangiomas, the contrast rel-
ative to the surrounding tissue decreases. There
are many reports in the literature characterising liv-
er haemangioma, but results so far are inconsistent
[3-6,8-11,15-31].

Role of Contrast-Enhanced US in Clinical
Practice

CEUS has markedly improved the correct diag-
nosis of haemangioma, which is possible in
about 95% of patients. Difficult differential diag-
nosis includes shunt haemangioma in the cir-
rhotic liver, which might be confused with hepa-
tocellular adenoma or carcinoma. A thrombosed
haemangioma might be confused with a metas-
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tasis by demonstrating contrast sparing in the
portal-venous phase.

Focal Nodular Hyperplasia (FNH)

Focal nodular hyperplasia (FNH) and the impor-
tant differential diagnosis of hepatocellular ade-
noma (HCA) are two benign, mostly incidentally-
discovered hepatic neoplasias, which occur pre-
dominantly in young and middle-aged women.

Fig. 1a-e. Haemangioma. The typical contrast-enhanced US find-
ings are peripheral nodular contrast-enhancement and centripetal
fill-in, with the exception of thrombosed areas and calcifications
(iris diaphragm phenomenon)

therapeutic approaches: HCA is an indication for
surgery because of the risk of haemorrhage and
potential malignant transformation, while FNH
can be managed conservatively. However, until re-
cently the non-invasive differentiation of espe-
cially atypical FNH from HCA and other benign
or malignant neoplasias has remained challenging,
with no satisfactory tests apart from histological
examination of a liver biopsy sample. Histological
features of FNH are controversially discussed in
the literature. In contrast to a recent report in
three patients demonstrating no portal veins [32],
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most reports describe (arterio-portal-venous) vas-
cular abnormalities [33, 34], but there are still
some controversies [29]. Scoazec et al. report that
the extracellular matrix is similar to that of por-
tal tracts [35]. Kondo et al. report that in FNH
nodules, severe anomaly of portal tracts including
portal veins and hepatic arterial branches can be
observed [33]. In addition, congenital absence of
portal veins has been reported in few patients,
mainly children. The cited literature has been re-
cently summarised [36].

Helical CT and MR imaging do provide some

Fig. 2a-e. Haemangioma with arterio-portal-venous shunts
(shunt haemangioma). Colour Doppler imaging represents atypical
liver lesion (). The typical contrast-enhanced US finding is cen-
tripetal fill-in within seconds (b-e)

useful information for the diagnosis of FNH,
especially when the lesion depicts typical fea-
tures, such as a central scar and uniform hyper-
vascularity. Typical features are only reported in
about 50% of patients. In a series of 305 FNHs
studied macroscopically, a central scar could be
found only in about 50% of cases [34].

Conventional B-mode US

FNH is typically an isoechoic tumour of variable
size, with a central scar and calcifications (50-
80% of patients).
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Colour Doppler Imaging

Typically, colour Doppler imaging reveals an (ar-
terially) hypervascularized tumour (in more than
90% of patients) with characteristic (para-) cen-
tral arterial blood supply. In many patients, in-
creased blood flow compared with the surround-
ing liver tissue can be detected even in colour du-
plex mode, causing a so-called wheel-spoke phe-
nomenon. This hyperperfusion that can be recog-
nised in native imaging is by no means obligato-
ry and is reported only in about 50-70% of pa-
tients. It could also be shown that inter-observer
reliability in recognising the wheel-spoke appear-
ance is very low.

Contrast-Enhanced US

In a contrast-enhanced examination, FNH typical-
ly appears as a hyperperfused tumour-like lesion
relative to the surrounding liver tissue in the ear-
ly arterial phase. This hyperperfusion is easily vis-
ible during continuous scanning with a low me-
chanical index (MI), comparing the contrast-en-
hancement of the lesion with the surrounding he-
patic arteries. Depending on the patient’s cardiac
output, some 8 to 20 seconds after injection of the
echo-signal enhancer into the cubital vein, there
is a rapid take-up of the substance, with demon-
stration of the arterial vascular pattern and en-
hancement from the (para)centre outwards. Dur-
ing the portal-venous phase, FNH is isoechogenic
with the portal vein, and later with the liver
parenchyma (Figs. 3, 4).

Forty patients with histologically proven FNH
(n=30) or HCA (n=10) were included in a prospec-
tive study evaluating tumour characteristics. The
pattern of tumours was described as hypoechoic,
isoechoic, or hyperechoic when compared to the
surrounding liver tissue, and tumour vascularity
was classified as hypervascular, isovascular, or hy-
povascular by power Doppler sonography. The in-
ternal vascular architecture was also recorded.
4 g of Levovist (400 mg/ml) was given intravenous-
ly and the liver was scanned using phase inversion
ultrasonography for the first 30 seconds, followed
by intermittent scanning. The following parame-
ters for imaging after Levovist were used: me-
chanical index 1.6, power 100%, gain 20 dB, and 10-
14 frames/sec.

In all 40 patients enhancement of the hepatic
artery and portal vein was observed. In 29 of 30 pa-
tients with FNH, the contrast pattern revealed
pronounced arterial and portal-venous/sinusoidal
enhancement. Only one patient with FNH lacked
portal-venous/sinusoidal enhancement, possibly
due to extensive, histologically-documented fi-
brosis. Using Levovist, homogeneous enhance-
ment was detected during the hepatic arterial
phase in all ten patients with HCA, preceding en-
hancement of normal liver parenchyma. In con-
trast to patients with FNH, no enhancement was
seen in HCA during the hepatic portal-venous/si-
nusoidal phase, with isoechoic or slight hypoe-
choic appearance in the parenchymal and sinu-
soidal late phase. Sonographic findings of this
study are summarized in Table 6. Some of the pa-

Table 6. Patient characteristics and sonographic findings in 40 patients with histologically proven FNH and hepatocellular adenoma

examined with Levovist (Data not yet published)

Number
Male/Female

Age [years]

Size of lesion [mm]

Conventional B-mode ultrasonography
Echo texture
Hypoechoic
Isoechoic
Hyperechoic
Central scar

Colour/Power Doppler Imaging
Hypervasular
Radial vascular architecture

Contrast-enhanced ultrasonography
Arterial phase enhancement
portal-venous phase enhancement

40 £ 12 [18 - 64]
52 + 18 [26 - 110]

FNH HCA
30 10
4/26 1/9

41 + 14 [23 - 70]
40 + 20 [15 - 80]

10%* 3*
19 6
1 1)(-)?
14 2
29 8
10 0
30 10
29 0

*all in a sonographically bright liver; **in a patient with glycogen storage disease



24 Enhancing the Role of Ultrasound with Contrast Agents

6:21
4C1-5

P2.5MH2]
OCPS Abdo

Baseline /V
Send=-21dB
MIF=22

80dB  S1/
CPS-Varst=

Baselina /Y
Send=-21dB

4C1-5

aCPs Abdo it
: - X g Baseline /Y

Send=-21dB
MIF=22

p 80de  $1/
2 CPS-Verst=

Baseline /V
Send=—21dB
MIF=24

80dB  S1/
CPS-Varst=

Speichert]

6:46:10 pm




I.1 « Characterisation of Benign Focal Liver Lesions with CEUS 25

Send=—4
MIF=24

- B0dB
CP3-Ve

MIF=24

. 8ods  S1/
CP5-Verst=

==

Fig. 3a-n.FNH in the early arterial phase appears typically as a hyperperfused structure relative to the surrounding liver tissue. During the
portal-venous phase, FNH is isoechogenic with the portal vein, and later with the parenchyma. In the following sequences the same tumour
is displayed, focussing on the central artery (a-f) and slightly beside the typical central artery revealing confusing vascular architecture
(g-n) demonstrating the need to focus ‘on the right place at the right time’

tients were also examined after intravenous appli-
cation of 4.8 ml of SonoVue using phase inversion
ultrasonography. Comparing Levovist and
SonoVue during the arterial and portal-venous/si-
nusoidal phase, there was a better visualisation
of hepatic vessels with SonoVue in all patients ex-
amined (data not yet published).

Recently, a study was published using SonoVue
to characterise histologically proven FNH (n=24)
or HCA (n=8).In a pre-study phase in ten consec-
utive patients the onset of hepatic arterial
enhancement was observed to commence 8-22
seconds after injection and the early onset of por-
tal-venous began 12-30 seconds after injection.
Phase inversion ultrasonography was used before
biopsy, using the following imaging parameters:
MI 0.2-0.3, power 3%, gain 52-60 dB, and 10-14
frames/sec. The liver was scanned continuously
for up to 5 minutes. Using this approach, contrast-
enhancing tumour characteristics were evaluated
during the hepatic arterial and early portal-

venous phase, comparing the contrast-enhance-
ment to the enhancing hepatic artery and portal
vein branches (Table 7) [36].

Role of Contrast-Enhanced US in Clinical
Practice

The examination of the hepatic arterial and por-
tal-venous/sinusoidal phase by contrast-enhan-
ced phase inversion ultrasonography allows the
reliable differentiation of FNH from HCA. This
important finding could be explained by the lack
of portal veins in contrast to FNH, which pres-
ents (atypical) portal veins in many, but not all
patients.

Hepatocellular Adenoma (HCA)
Conventional B-mode US

In B-mode US of an otherwise normal liver, an
adenoma, like FNH, is usually isoechogenic with
the surrounding liver tissue. An adenoma can be
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Fig. 4a-o. Large FNH in the arterial phase demonstrates not only
one central or eccentric artery, but also more than one supplying
arterial vessel (a-0). In this case so-called microflow imaging was
used [36a]
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Table 7. Patient characteristics and sonographic findings in 32 patients with histologically proven FNH and hepatocellular adenoma

examined with SonoVue (modified from [36])

Number
Male/Female

Age [years]

Size of lesion [mm]

Conventional B-mode ultrasonography
Echo texture
Hypoechoic
Isoechoic
Hyperechoic
Central scar

Colour/Power Doppler Imaging
Hypervasular
Radial vascular architecture

Contrast-enhanced ultrasonography
Arterial phase enhancement
(Early) portal-venous phase enhancement

37+ 10 [18 - 64]
55+ 21 [26 - 110]

FNH HCA
24 8
2/22 0/8

37 + 10 [23 - 47]
32+ 15 [15 - 55]

7* 4*
16 4
1
10 0
23 8
10 0
24 8
23 0

*all in a sonographically bright liver

very difficult to differentiate from the surround-
ing liver tissue because of this lack of echogenic-
ity. In a fatty liver, adenomas may be poorly
echogenic, whereas in patients with storage dis-
eases (e.g. glycogenosis or Niemann-Pick dis-
ease) adenomas may even give stronger echoes
[37]. As in the case of FNH, a rounded contour or
a vascular impression may indicate a tumour
poorly discernible from liver parenchyma. There
are no other typical criteria in B-mode US.

Colour Doppler Imaging

According to the available data there are still no
standardised criteria for the differentiation of
adenomas from other hepatic masses based on
perfusion pattern. The typical wheel-spoke
structure with a central vascular supply and a
central scar, which is seen in FNH is absent in
adenoma, although calcifications are observed
depending on size. Like FNH, an adenoma
exhibits arterial hypervascularity (predominant-
ly marginal). However, this vascular pattern can
also be encountered in hepatocellular carcino-
mas and hyperperfused metastases, and is there-
fore not pathognomonic.

Contrast-Enhanced US

Contrast-enhanced phase inversion US was
recently assessed in patients with histologically
proven focal nodular hyperplasia or hepatocellu-
lar adenoma. It has to be taken into account that

histologically, no portal veins (and in addition,
no bile ducts) are present in adenomas. CEUS
demonstrated pronounced arterial and portal-
venous enhancement in all but one patient with
FNH. In contrast, after homogeneous enhance-
ment during hepatic arterial phase (8-25 seconds
after the injection), no enhancement during
hepatic portal-venous phase was detected in any
patients with HCA [36] (Figs. 5, 6).

Role of Contrast-Enhanced US in Clinical
Practice

Differentiation of focal nodular hyperplasia and
hepatocellular adenoma is essential because of
different therapeutic implications. However,
establishing a correct diagnosis non-invasively
has been reported to be difficult. Contrast-
enhanced US improves characterisation and dif-
ferentiation of FNH and HCA. In addition, we
could recently show that small adenomas may be
overlooked in CT and MRI scans, especially if no
images are taken during the arterial phase.

Bile Duct Adenoma
(Cholangiocellular Adenoma)

Contrast-enhanced US using Levovist in high
dosage and concentration (4 g at 400 mg/ml) an-
alyzing only the liver specific phase, or SonoVue
analyzing the late portal-venous/sinusoidal phase
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SIEMENS

Fig. 5a-f. Hepatocellular adenoma. Hepatocellular adenoma is typically isoechoic to the surrounding liver tissue but might be hypoechoic
in fatty liver disease. Power Doppler and colour Doppler imaging demonstrate peripheral vessels (a, b). CEUS reveals typical arterial but no
portal-venous enhancement (c-d, arterial phase; e, portal-venous phase)

may differentiate between most benign and ma-
lignant liver tumours [13]. It was recently shown
that, using contrast-enhanced US techniques, be-
nign liver tumours may also mimic malignancy.
Bile duct adenoma (BDA) is a benign liver tu-
mour, typically located subcapsularly and demon-
strating lack of a portal-venous phase. Large bile

duct adenomas, (also called cholangiocellular ade-
nomas, if larger than 10 mm), lack liver specific tis-
sue. In a recently published abstract all three ob-
served lesions more than 10 mm were hypervas-
cular in the arterial phase. In the portal-venous/si-
nusoidal phase all lesions were prominently hypo-
vascular, taken as a sign of malignancy [38].
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Fig. 6a-d. Contrast-enhanced phase inversion ultrasonography (CEPIUS) of a patient with hepatocellular adenoma using modified Pho-
topic. CEPIUS revealed only arterial phase enhancement for 10 seconds (10-20 seconds) after administration of SonoVue (a). At the end of
the arterial phase (< 25 seconds after administration of SonoVue), a slightly hypoechoic liver tumour was detected by contrast-enhanced
phase inversion ultrasonography and no portal-venous sinusoidal enhancement was observed (b). The same patient was examined after
stemdcell transplantation due to acute leukaemia. Tumour size decreased but enhancement characteristics did not change, as shown in ¢
and

Focal Fatty Lesion (Regional Focal
Fatty Infiltration)

Fatty infiltration was generally considered to be
a diffuse process involving the entire liver. Since
Brawer and Scott identified focal hepatic fatty
infiltration at autopsy and in imaging studies in
1980, focal hepatic fatty infiltration has been
widely discussed [39-41]. Diffuse fatty changes
of the liver were recognized on CT examination
soon after the introduction of CT technology.
Focal fatty changes of the liver were subsequent-
ly described as histological and radiological
entities soon after. It is well known that diffuse
hepatic fatty infiltration may occur in associa-
tion with many conditions such as alcoholism,
diabetes mellitus, obesity, intravenous hyperali-
mentation, malnutrition, pregnancy, Cushing’s
syndrome, corticosteroid medication, hepatitis,
porphyria, hepatotoxic drugs, congestive heart

drome, Wilson’s disease or intestinal bypass.
Bright focal areas in the liver hilum occur in
more than 40% of inflammatory bowel disease
patients on corticosteroid medication. In our
experience, hyperechoic lesions may be observed
3 weeks after corticosteroid intake (more than 10
mg prednisolone per day), and usually resolve
within 3 months of corticosteroid therapy cessa-
tion. This phenomenon occurs as frequently in
inflammatory bowel disease (IBD) patients and
as intensely as in patients with autoimmune dis-
ease and longstanding corticosteroid therapy.
The histological nature of these corticosteroid-
derived lesions is not yet clear. Different
amounts or types (large, small vacuoles) of fat
deposition are likely, because a change of
appearance over time can be observed.
Haemangiomas may mimic such lesions, but not
all bright lesions in the liver are haemangiomas.
In 20 unselected corpses, four showed similar
bright echogenic lesions in the liver hilum, but
the histology differed remarkably (two with
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fibrous tissue, one with fatty infiltration and one
with haemangioma). It is well known that the
vascular supply of the hilar region in liver seg-
ment IV differs from the perfusion of liver tissue
adjacent to the gallbladder. This could give a
possible explanation for different reactions of
liver parenchyma to fatty infiltration. Although

well-documented, the underlying mechanism is
still unknown. Changes in arterio-portal-venous
perfusion have been suggested. In patients with
focal fatty lesions, we observed centrally located
arterial blood supply and direct venous drainage
from and into the liver hilum; in contrast, portal-
venous perfusion varies [39-41].
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Fig. 7a-f. Focal hyperechoic lesion in the quadrate lobe adjacent to liver hilum, which was found to be fatty infiltration. Using convention-
al colour Doppler ultrasound, arterial and venous draining vessels are visualised (a). The contrast-enhancement pattern is also displayed.
Notice a hypoenhancing hypoechoic part of the lesion (-") vessel supplied via the liver parenchyma (left upper part) and an arterial hyper-
enhancing hyperechoic part, vessel supplied via the liver hilus (right lower part of the images) (b-f)
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Conventional B-mode US

Fatty infiltration may affect the liver diffusely or
focally, but it does not usually cause any mass ef-
fect or displace vessels. Sonographically, hepatic
fatty infiltration appears as segmental or lobular
areas of brighter echogenicity, in contrast to the
echogenicity of the normal liver parenchyma. A
central, peri-hilar location in segment IV or V is
typical; other locations are rarely involved.

An oval-shaped hypoechoic lesion in the liver
hilum is always related to fatty liver and could rep-
resent normal liver tissue surrounded by diffuse fat-
ty infiltration of the liver. A hypoechoiclesion in the
liver hilum without signs of expansion seems to be
arelevant sign of fatty liver and should not be con-
fused with mass lesions. The typical relationship to
fatty liver, the typical location and shape are help-
ful in differential diagnosis.

Colour Doppler Imaging

In colour Doppler US, both focal fatty degenera-
tion and its absence appear normal; neither
hyper- nor hypoperfusion is apparent, since the
liver tissue is normal. Typically, central feeding
and draining vessels may be detected in a high
percentage of patients, demonstrating the patho-
genetic mechanism of different vascularisation
of the liver hilum.

Contrast-Enhanced US

In the arterial and venous phase, the supplying
and draining vessels of the liver hilum can be
imaged. In the enhanced echo signal sequence,
different fatty degeneration regions are imaged
like normal liver tissue in the capillary and por-
tal-venous phase. Therefore, in the portal-
venous phase these lesions are indistinguishable
from background. Enhancement in the arterial
phase might be slightly delayed in comparison
with the surrounding liver parenchyma (Fig. 7).

Role of Contrast-Enhanced US in Clinical
Practice

Focal fatty changes in the liver may simulate
mass lesions, thus focal hepatic lesions might be
mistaken for hepatic neoplasm at US. This is
important to know when it comes to a differen-
tial diagnosis, especially in patients with under-
lying malignant disease. Contrast-enhanced US
is helpful to rule out malignant infiltration.

Benign Liver Lesions in Liver
Cirrhosis

Benign liver lesions in liver cirrhosis have the
same occurrence rate as in patients without

parenchymal liver disease, with the exception of
FNH, which is difficult to prove in liver cirrhosis.
Recently, 100 consecutive patients (80 male, 20
female, 62 = 12 (31-90) years) with histologically
proven hepatocellular carcinoma at time of diag-
nosis were investigated. Sonographic evaluation
of the entire liver was possible in 88% of cases. In
25 patients (25%), additional focal lesions were
found (8 hepatocellular adenoma, 8 atypical hae-
mangioma, 5 regenerative nodules, 4 cysts larger
than 10 mm). Apart from cysts, all additional liver
tumours were histologically proven and without
severe complications (e.g., haemorrhage, severe
pain, or perforation). Cirrhosis of the liver was
confirmed in 91 of 100 patients (91%), while 9
patients (9%) had no cirrhosis. Patients charac-
teristics are summarized in Table 8. Therefore,
biopsy and histology is crucial before extended
liver surgery [23]. The problem of hypovascular
hepatocellular carcinoma has been recently
addressed [42].

Table 8. Patientscharacteristics of 100 patients with histological-
ly proven hepatocellular carcinoma [13]

Characteristics n
Aetiology or associated illness
Viral hepatitis B/C 52
Alcohol consumption 25
Autoimmune hepatitis 2
Primary biliary cirrhosis 1
Primary sclerosing cholangitis 1
Hemochromatosis 7
Glycogenosis v. Gierke 1
Unknown origin 10
Liver cirrhosis
Histologically proven 91
Child-Pugh Score A 44
Child-Pugh Score B 36
Child-Pugh Score C 11
Histologically unproven (excluded) 9
Patients with additional liver tumour 25
Adenoma 8
Hemangioma 8
Regenerative nodules 5
Cysts larger than 10 mm 4
Alpha-fetoprotein
< 15 ng/ml 31
> 15 ng/ml 69

n = number of patients
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3D Contrast-Enhanced US

Recent advances in computer technology have
supported the development of new systems with
motion detection methods and image registra-
tion algorithms making it possible to acquire 3D
data without position sensors, before and after
administration of contrast-enhancing agents.
The so-called freehand 3D method is a multistep
procedure (data acquisition, correlation algo-
rithms with segmentation, and quantification)
based on correlation algorithms, including the
display of the 3D image without position sen-
sors. As a basic requirement for correct 3D data
acquisition, the transducer must be moved at a
constant speed. The examination technique with
3D acquisition before and after iv injection of
SonoVue was possible in almost all patients.
Ensemble contrast imaging with low mechanical
index revealed excellent enhancement of the
arterial, portal-venous and venous vessels of the
liver in all patients with liver tumours. The
enhancement was strongest and homogeneous at
a band of approximately 8 cm around the level of
the focal zone and the enhancement of the liver
parenchyma persisted for between five and ten
minutes under continuous scanning conditions.

The method is limited by motion artifacts
due to both the operator and the patient under
examination. When sampling moving organs
and structures (e.g., heart, peristaltic bowel,
breathing), the reconstructed 3D image can lack
detail. As with all new methods, a certain train-
ing factor has to be taken into account, since a
steady and targeted transducer manipulation is
the prerequisite for optimal image documenta-
tion in a 3D procedure [43, 44].

Role of 3D Contrast-Enhanced US in Clinical
Practice

The hypothetical advantages and disadvantages of
3D US technology include clearer visualisation of
anatomy and topography, visualisation of the exten-
sion of changes into surrounding tissue with spe-
cial emphasis on the reconstructed coronary plane,
measurement of volumes (also non-symmetrical)
or pathologic changes, improved diagnoses (qual-
ity of results) through analysis of the third plane,
higher quality of results through imaging the sur-
rounding structures with landmarks (quality man-
agement), improved examination quality through
planning and performing an optimised image ac-
quisition and image documentation, improved ac-
ceptance by the referring physician through clear-
er visualisation and therefore fewer follow-up ex-
aminations, and demonstration of findings with
reference to any desired scan plane (e.g., as part of
the daily findings discussion).

Rare Entities

In many other focal liver lesions, contrast-
enhanced US is helpful for characterisation and
diagnosis, e.g., abscesses, hematoma, hamar-
toma, angioma of the liver [45], nodular regener-
ative hyperplasia [46], bile duct adenoma
(cholangiocellular adenoma), echinococcosis,
granuloma, tuberculosis, sarcoidosis, sickle cell
anaemia with liver infarct, bartonellosis [47],
pseudoaneurysm of hepatic arteries [48], nod-
ules in Wilson’s disease, Peliosis, inflammatory
pseudotumour of the liver [14], cholangiofibro-
ma and other entities, which have been recently
published [44].

Abscess

The patient’s medical history and physical exam-
ination (febrile temperature, signs of sepsis) are
most helpful in differentiation from necrotic
metastases.

Conventional B-mode US

Phlegmonous inflammation and abscesses
demonstrate variable and sometimes confusing B-
mode images that change over time. The initial
phlegmonous inflammation is often isoechogenic
in comparison to the surrounding liver parenchy-
ma and is sometimes difficult to recognise. In
older (chronic) abscesses, hypervascularity of the
nodule border might be confused with pseudotu-
mour of the liver, even histologically. Small dis-
seminate candida abscesses might be confused
with lymphoma or circumscribed hemophago-
cytosis (especially in the young). Puncture and
drainage (if necessary) are the diagnostic and
therapeutic implications. Abscesses up to 5 cm
might be drained in one procedure, whereas larg-
er abscesses need to be treated over days.

Colour Doppler Imaging

The initial phlegmonous inflammation is often
hypervascular in comparison to the surrounding
liver parenchyma, but is difficult to recognize.
Hypervascularitiy of the nodule border is typical
in older (chronic) abscesses.

Contrast-Enhanced US

In typical cases, CEUS shows sharply delineated
hypervascularity demonstrating the pseudocap-
sule and no gas bubbles inside the lesion (Fig. 8).

Role of Contrast-Enhanced US in Clinical
Practice

The role of CEUS in clinical practice has not yet
been determined. CEUS was helpful in clinically
uncertain cases with similar results as those
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Abdomen

Fig. 8a-f. Liver abscess. Typical liver abscesses demonstrating air inside the lesion (a, arrow). Using SonoVue, enhanced US abscesses re-
veal no signal enhancement at all depending on the stage of abscess but reveal hyperperfusion at the abscess border (b-e). The cause

(choledocholithiasis) is also marked (f, arrow)

shown for CT. Until now there are no large stud-
ies using this technique.

Haematoma

Haematoma can be clinically diagnosed in most
cases. Spontanously evolving and painful
haematoma is typical of amyloidosis of the liver.

Conventional B-mode US

B-mode image depends on the stage of haematoma.
The very early haematoma is hyperechoic, while
later stages are iso- or mostly hypoechoic. Change
in morphology is therefore typical for haematoma.

Colour Doppler Imaging

Colour Doppler imaging demonstrates no flow
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Contrast-Enhanced US

CEUS is helpful in defining circumscribed versus
diffuse infiltrating haematoma.

Role of Contrast-Enhanced US in Clinical
Practice

The role of CEUS in the diagnosis of haematoma
in clinical practice has not yet been determined.
CEUS might be helpful in clinically uncertain
cases with similar results as those shown for CT.

Nodular Regenerative Hyperplasia (NRH)

Nodular regenerative hyperplasia of the liver
(NRH) is a rare pathological finding, typically
associated with haematological or autoimmune
disease. The main clinical symptom is portal
hypertension without underlying liver cirrhosis.
A retrospective study of 2500 autopsies showed a
prevalence of 2.6% for NRH. Furthermore, in
10.2% of those autopsy cases, variable degrees of
nodular transformation were found. NRH itself
consists of multiple hepatic nodules resulting
from peri-portal hepatocyte regeneration with
surrounding atrophy. Typically, fibrous septa
between the nodules are missing. The pathogene-

sis remains unknown, although some authors
suggested that NRH may be a secondary and non-
specific tissue adaptation to heterogeneous perfu-
sion. Histological assessment of the liver is neces-
sary for diagnosis, because the nodular appear-
ance of the hepatic surface may otherwise be dif-
ficult to differentiate from cirrhosis or hepatic
metastases. The prognosis of NRH depends on
the development and severity of portal hyperten-
sion, which often requires only pharmacological
treatment. Development of NRH without any
underlying disease is typically characterised by
liver failure and a poor clinical outcome.

Conventional B-mode US

Ultrasonography typically shows multiple
(unspecific) hepatic nodules, which are sugges-
tive of multilocular hepatocellular carcinoma or
metastatic disease of the liver.

Colour Doppler Imaging

Signs of portal hypertension and the more rare
Budd-Chiari syndrome should be carefully sought.

Contrast-Enhanced US

CEUS is helpful in defining circumscribed versus dif-
fuse infiltrating nodular regenerative hyperplasia.

Fig. 9a-d. Haematoma, demonstrating no flow characteristics us-
ing B-mode (a), colour Doppler imaging (b) and CEUS (c)
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Fig. 10a-d. Liver infarct in a patient with hepatocellular carcinoma after transarterial chemoembolisation using microflow technique

Role of Contrast-Enhanced US in Clinical been determined in patients with NRH. It was
Practice shown that CEUS-guided puncture is helpful in

The role of CEUS in clinical practice has not yet  identifying the right puncture site.

Key Points

+ Benign liver tumours are more frequent than generally assumed. This is also true in pa-
tients with liver cirrhosis (prevalence of more than 5%).

+ In patients without diffuse parenchymal disease, the differentiation of benign and malig-
nant liver lesions up to 50 mm and, therefore, typical behaviour without regressive changes,
is possible in more than 95% of patients using CEUS analysing the portal-venous/sinusoidal
phase.

+ The contrast pattern of typical FNH is characterised by arterial and portal-venous enhance-
ment.

+ The contrast pattern of adenomas less than 50 mm in size is characterised by a homoge-
nous arterial, but a lack of portal-venous enhancement.

+ The contrast pattern of haemangioma is characterised by peripheral nodular contrast-en-
hancement and centripetal fill in non-thrombosed tumours.
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Characterisation of Hepatocellular Carcinoma

in Cirrhosis

Carlos Nicolau and Concepcio Bru

Introduction

Hepatocellular carcinoma (HCC) is the most
common primary malignancy of the liver, and
the fifth most common solid tumour in the
world [1]. In Sub-Saharan areas and south-east
Asia, the prevalence of HCC is high, while in
Mediterranean areas it is medium, and in north-
ern Europe and North America it is considered
to be low. However, the incidence of HCC is
increasing in economically developed areas,
including Europe and the United States, probably
related to the spread of the hepatitis C virus.
Most HCC occur in the setting of cirrhosis, being
especially attributed to hepatitis C and B. Other
factors such as alcohol, aflatoxin, and other
chronic liver diseases, such as primary biliary
cirrhosis, are responsible for a low percentage of
patients with HCC. Finally, in less than 5% of the
HCC patients, the underlying liver is normal.

Clinically, HCC mimics the symptoms of the
underlying liver disease, being difficult to diag-
nose on a clinical basis. When the tumour pro-
gresses, complications such as infiltration of bil-
iary structures, tumoural thrombosis of the por-
tal vein, and bone and/or lung metastases may be
presented. In these cases, jaundice, enlarged
liver, refractory ascites, non-bacterial diarrhoea,
abdominal pain or pain related to bone metas-
tases, and paraneoplasic neurologic symptoms
may suggest the presence of HCC in a patient
with cirrhosis. Unfortunately, when clinical
manifestations of HCC are present, none of the
existing therapies are usually effective to cure or
to stop the progression of the disease.

Early detection of HCC is critical to achieve
effective treatment and prolong survival [2, 3],
thus, several protocols including imaging modal-
ities have been described to identify small HCCs.
Imaging screening of patients with cirrhosis may

be performed with ultrasound (US), computed
tomography (CT) or magnetic resonance imag-
ing (MRI), but US is recommended for surveil-
lance, due to its greater acceptance by patients,
low cost, lack of irradiation and high level of
detection. In Europe, patients with chronic liver
disease usually take part in a surveillance pro-
gram that includes US study and alpha-fetopro-
tein (AFP) determination every six months [4],
as recommended by the European Association
for the Study of the Liver (EASL). However, there
is a lack of evidence regarding the utility of per-
forming a study every four to six months, or
every 12 months, for early detection. The trend is
to perform US every six months and the deter-
mination of AFP or other tumoural markers
depends on the protocol of each hospital. AFP
has been useful in screening of large popula-
tions, because of its high specificity, but its use in
early detection is not effective due to its low sen-
sitivity. In fact, the levels of AFP correlate well
with tumour volume, and nowadays, it is mainly
used to confirm the diagnosis of known focal
hepatic lesion with suspicion of HCC, or in the
follow-up of patients with previous HCC.

In the surveillance of cirrhotic patients, small
focal liver lesions are usually HCCs or cirrhotic
macronodules, which include regenerative and
dysplastic nodules. However, other lesions such
as haemangiomas and cholangiocarcinomas
may also appear in less than 5% of cases, and an
accurate differential diagnosis is mandatory.

Hepatocarcinogenesis is considered a multi-
step process characterised by the development of
a spectrum of nodules from benign regenerating
nodules and dysplastic nodules (DN), to overt
malignant HCC. Dysplastic nodules, which may
have different grades of differentiation, may be
considered premalignant lesions that represent
the step prior to the development of HCC.
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Morphological differentiation of well-differenti-
ated early-stage HCCs and DNis is often difficult,
and the differential diagnosis between the two
lesions remains controversial. Thus, many of the
early HCCs diagnosed in Japan tend to be inter-
preted as high-grade DNs in Western countries
[5]. During this process of hepatocarcinogenesis,
there is a haemodynamic change that is the basis
for the understanding of the usefulness of imag-
ing techniques in the diagnosis of HCC. This
change consists in an increase in arterial blood
supply and a subsequent decrease in portal
blood flow, with the detection of this arterial
blood supply the key to the diagnosis of HCC. In
this progressive pathway, the vascular supply of
regenerative nodules is similar to the liver
parenchyma [6]. The vascular supply of DNs is
more complex compared to surrounding cir-
rhotic parenchyma. Dysplastic nodules show a
degree of capillarisation intermediate to that of
regenerative nodules and that of HCC, and high-
grade DNs may contain unpaired arteries, which
are isolated arteries unaccompanied by bile
ducts. In addition, sinusoidal capillarisation or
neovascularisation is evident, as well as a loss of
capillary properties. The development of HCC is
characterised by arterial hypervascularisation.
Thus, a reduction of both portal vein and normal
hepatic artery branches, with a progressive
increase in abnormal hepatic arteries are consid-
ered histologic features of malignant transfor-
mation [6]. However, it remains unclear which
DN progresses to HCC, since some DNs remain
stable and others may even regress completely
[7]. Borzio et al. found that the risk of developing
HCC is higher in patients with high-grade DN,
especially in those cases associated with extran-
odular large cell dysplasia [7]. In that study, only
31% of the macronodules transformed into
HCC, while most stabilised or disappeared.
However, on analysing the subgroup of high-
grade DNs, 63% transformed into HCC during
the follow-up, suggesting that they are the true
precursors of HCC. There is no knowledge con-
cerning the factors that may influence this trans-
formation. However, time, and the oncogenic
background have been described as the most
important factors.

When a focal liver lesion is detected in a
screening protocol, histologic analysis has been
considered the gold standard for a definite diag-
nosis of HCC. However, liver biopsy may give
false negative results and contraindications, such
as the presence of important ascites and coagu-
lopathy, and also have potential complications,
such as a risk of bleeding and tumour seeding
[8]. Nowadays, it is accepted that the diagnosis of
HCC in a patient with liver cirrhosis can be

based on clinical, laboratory and imaging tech-
niques with an accuracy of up to 99% [9]. In
2000, a group of experts from the EASL provided
a guideline for the diagnosis of HCC [4]. This
guideline recommends an US follow-up for new
nodules smaller than 1 cm detected by US in the
surveillance screening, and the use of needle
biopsy for new nodules between 1 and 2 cm.
However, if the detected lesion is larger than 2
cm, the diagnosis can be achieved non-invasive-
ly if two coincident imaging techniques find the
characteristic arterial vascularisation of the
HCC, with arterial enhancement and wash-out
in the portal phase. If the focal hepatic lesion
shows uncharacteristic features on imaging, a
fine needle biopsy is recommended, especially if
the patient requires transplantation because of
suspicion of HCC.

Baseline Ultrasound

Worldwide, US is the imaging technique of
choice as a screening test for the diagnosis of
HCC in patients with chronic liver disease [10,
11], due to its widespread availability, absence of
adverse effects, lack of invasiveness, and cost.
The accuracy of US for the detection of HCC in
the cirrhotic liver varies widely, ranging from
20.5% to 96% [12], and the sensitivity of US in
detecting small HCCs continues to improve due
to the advances in US technology, including
multi-frequency transducers and harmonic
imaging. In this latter technique, the US beam-
former transmits at fundamental frequency and
receives at least twice that frequency. The return-
ing harmonic echo is lower in signal intensity,
but the signal is higher in contrast resolution
and contains fewer artefacts, resulting in superi-
or image quality over fundamental imaging [13].
Thus, harmonic imaging increases the lesion
conspicuity, allowing a higher detection of nod-
ules, as was described in a study performed in
cirrhotic patients [14]. In screening programs,
the detection of a small focal lesion in the con-
text of liver cirrhosis is HCC in more than 50% of
the cases and the other frequently found lesions
are cirrhotic macronodules, which include
regenerative and dysplastic nodules. However,
HCC may present a variable appearance on base-
line US, reflecting the variable pathologic char-
acteristics of this tumour, and there is an overlap
in the US features of HCC and other hepatic
lesions. In addition, cirrhotic livers have alter-
ations in echogenicity or echostructure due to
the presence of structural changes such as
steatosis or fibrosis, making definite diagnosis
more difficult. The US imaging of a HCC is relat-
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ed to its own evolution and probably to the
homogeneity of the tumour (steatoses, necrosis
or fibrosis may alter the image). One of the most
frequent shapes of HCC on conventional US is a
sharply demarcated hypoechogenic lesion with a
smooth boundary. However, HCC can show an
irregular or blurred margin that indicates the
presence of extranodular growth or a poorly
demarcated nodular type. Most small HCCs are
more frequently hypoechoic [15, 16]. In a recent
study, Kim et al. [16] described the US patterns
of 42 small HCCs (less than 2 cm), and found
that 66% were hypoechoic, 5% isoechoic, 14%
hyperechoic and 14% mixed echoic. The increase
in echogenicity detected in some small HCC has
mainly been related to the presence of fatty
changes [17]. When they grow, most hypoechoic
HCCs tend to be isoechoic and then heteroge-
neous in a pattern that has been described as a
mosaic pattern [15]. This mosaic pattern is char-
acterised by the presence of some areas of differ-
ent echogenicity that have been related to the
degree of differentiation and to the presence of
fatty transformation, and on occasion, this pat-
tern has a nodule-in-nodule appearance [18].
This fact is most often seen in cases of HCC with
fatty change, with a hyperechoic appearance by
US showing a distinct hypoechoic nodule inside.

In clinical practice, HCC cannot be reliably
distinguished based on US findings and every
new solid lesion found in a cirrhotic setting
should be considered as a potential HCC unless
a different diagnosis can be proved. After the
detection of a nodule on US screening, a reason-
able protocol would be to perform a US follow-
up every three months if the nodule is smaller
than 1 cm, and await changes in its size. On the
contrary, if the nodule is larger than 1 cm, a
biopsy or other imaging techniques are recom-
mended in order to detect arterial hypervascu-
larisation. US Doppler modalities increase the
accuracy of US for the characterisation of HCCs
because they allow the detection of increased
arterial flow, but the value of Doppler US is
dependent on tumour size, with a low sensitivity
in small HCC. Color Doppler and power Doppler
give qualitative information of the flow, whereas
pulsed Doppler can obtain a quantitative evalua-
tion. Moreover, Duplex scanning provides the
possibility of simultaneously recording a B-mode
image with a pulsed signal, and triplex scanning
adds colour or power Doppler to the former pos-
sibilities. With colour or power Doppler, intratu-
moural color signals reflecting arterial hyper-
vascularisation are detected, but Doppler US has
the advantage of detecting the characteristic
arterial flow that differentiates HCC from benign
lesions, such as regenerating nodules that only

have portal vascularisation. With the advance-
ment of Doppler techniques associated with US
imaging, different groups have attempted to
identify the hypervascularisation of HCC.
Abnormal arterial structures inside the nodules
were detected with pulsed Doppler, but the sen-
sitivity of 85% was limited to tumours exceeding
3 cm in size. With the introduction of colour and
power Doppler, the sensitivity increased [19] and
abnormal flow was detected in lesions smaller
than 2 cm. However, the good results obtained in
the study were only related to tumours located
at less than 10 cm in depth. Results obtained in
studies on the usefulness of Doppler US in the
detection of arterial blood supply to HCC
showed a detection rate of around 80% [19-20].
In a recent study, Kumada et al. [21] detected
Doppler US signals in 37 out of 45 HCCs (82.2%)
with a lower detection of the intratumoural flow
signals in HCCs smaller than 15 mm. In this
study, the authors also found that the types of
blood flow supply detected by Doppler US cor-
related with the degree of HCC differentiation.
Moderately and poorly differentiated HCCs had
afferent pulsatile flow without continuous affer-
ent flow, while well-differentiated HCCs had
continuous afferent flow. Intratumoural vessels
with a high resistive index and high pulsatility
index have been reported to be predictive of
malignancy [22]. In addition, some studies have
evaluated different parameters of the Doppler
register, such as the maximum velocity and the
pulsatility index in order to differentiate
between benign and malignant hypervascular
nodules [23, 24]. In the study by Fracanzani et
al. [24], the mean peak resistive index and pul-
satility index were significantly lower in DN
than in HCC. However, technical difficulties are
present with the use of all Doppler techniques,
mainly when evaluating the left lobe, especially
in the proximity of the heart, and when evaluat-
ing the deepest part of the liver [21].

Contrast Ultrasound Features

Advances in US technology and the development
of a new generation of contrast agents have
improved the clinical applications of US.
Nowadays, contrast-enhanced US (CEUS) pro-
vides high quality and detailed vascular infor-
mation in real-time, and it can be used for the
detection and characterisation of the vascularity
of nodules detected in cirrhotic patients, with a
very good sensitivity to detect weak flow in small
vessels. One of the most important technical
developments is the capacity to obtain harmonic
imaging, that suppresses the fundamental linear
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echoes from the tissue, whereas the non-linear a%%r the administration of contrast agents were

echoes reflected from the microbubbles remain,
producing the US signal. Moreover, manufactur-
ers of US equipment are attempting to solve
some limitations of the technique, such as the
severe suppression of background grey-scale sig-
nal, inferior image resolution, lower frame rate
and microbubble destruction. New techniques
use a low mechanical index, allowing real-time
evaluation of the contrast agent enhancement.
Recently developed technology, such as CPS
from Acuson, also processes the fundamental
non-linear signals generated by US contrast
agents that are stronger than the harmonic sig-
nal, thereby increasing the specificity of
microbubble-to-tissue. The combination of sec-
ond-generation US contrast agents such as
SonoVue with these new specific microbubble
techniques using a low mechanical index allows
evaluation of the dynamic enhancement of the
blood supply of a liver nodule during the various
phases of contrast agent circulation (arterial,
portal and late phase), similar to that which
occurs with helical CT or MRI.

Before the appearance of US contrast agents,
multiphasic contrast-enhanced CT and MRI

widely used as accurate diagnostic techniques
for patients with cirrhosis and suspicion of HCC
[25,26]. Detection and analysis of the degree and
pattern of tumoural vascularisation were the
most important signs for differential diagnosis.
Nowadays, CEUS also allows the detection of
vascularisation with several advantages. It is a
simple, safe and cost-saving alternative to other
imaging modalities. It has very few contraindica-
tions: it does not irradiate and can be used in
patients with renal insufficiency. Moreover, small
doses of contrast agent (a few millilitres) are suf-
ficient to detect arterial enhancement, and real-
time evaluation is able to detect slowly enhanc-
ing HCCs, which with CT could be interpreted as
hypoenhancing lesions when using an early arte-
rial phase. Limitations of CEUS are the same as
baseline US, and involve difficulties in studying
subcapsular nodules or nodules in obese
patients, and patients with quick breathing or
with severe steatosis.

The most common feature of HCC using
CEUS is the presence of early, intense and homo-
geneous intratumoural enhancement (Fig. 1). In
some cases, the enhancement is inhomogeneous,

Fig. 1a-c. HCC in a cirrhotic patient. On baseline US (a) a slightly hypoechoic lesion of 1.5 cm was detected in segment VI. The lesion
shows homogeneous enhancement in the arterial phase (b). After the peak of enhancement there is a wash-out and in the late phase (c)
the lesion is slightly hypoechoic. T1-weighted MR imaging after the administration of gadolinium shows the hyperenhancing mass in seg-
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especially in tumours with internal necrotic
areas or fat degeneration (Fig. 2). These areas
show poor or a complete lack of enhancement in
comparison with the strong and homogeneous
enhancement of the remainder of the HCC. In
very few cases with extensive necrotic changes,
only peripheral arterial enhancement is detected
without central enhancement (Fig. 3). The nutri-
tious artery is often visualised as an arterial ves-
sel that reaches the lesion, and real-time evalua-
tion is able to detect peripheral vessels encircling
and internally penetrating the tumour with a
distribution which is known as the basket pat-
tern, representing a fine blood-flow network sur-
rounding the tumour nodule. In addition, multi-
ple small tumour vessels flowing into the tumour
and irregular internal vessels can be identified
and are also characteristic findings of HCC.
After the arterial hyperenhancement, HCC
shows ‘wash-out’, a term defining the hypoen-
hancement in the portal and delayed phase in a
tumour that hyperenhanced in the arterial phase
(Fig. 2). In most cases, the wash-out of HCC is
slower than in other malignant lesions such as
metastases. Thus, most hypervascular metas-
tases become hypoechoic in late arterial phase,

while the wash-out of HCC is more progressive-
appearing during the portal phase. After the por-
tal phase, most HCC are hypoechoic. However,
some HCC remain isoechoic in the late phase,
especially those that are well-differentiated or
small in size (Fig. 4) [27]. The degree of late
phase enhancement by a nodule is determined
by the degree of similarity of the nodule to the
normal liver parenchyma, and some HCC con-
serve sinusoids as the normal liver parenchyma.

Thus, in the setting of cirrhosis, the finding of
a hyperenhancing lesion in the arterial phase
and hypoenhancing in the venous phase using
CEUS, is highly specific for HCC and allows dif-
ferentiation with the most frequently found nod-
ules. Macroregenerating nodules usually have a
hypoechoic or isoechoic appearance in the arte-
rial phase, followed by an isoechoic appearance
in the portal and late phases [28, 29] (Fig. 5).
Thus, in the US follow-up of a previously con-
firmed macroregenerating nodule, the detection
of arterial hypervascularisation reflects trans-
formation into an HCC (Fig. 6).

Several studies have demonstrated the high
accuracy of CEUS using Doppler US or
gray-scale imaging, in the detection of the arte-

Fig. 2a-c. HCC in a cirrhotic patient. This lesion of 2.3 cm was
hypoechoic on baseline US (a) and shows an almost homoge-
neous enhancement in the arterial phase with a small non-
enhancing hypoechoic area (b). The HCC shows a uniform hypoe-
chogenicity in the late phase (c)
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Fig. 3a-d. HCC with extensive necrotic changes. On baseline US, a hypoechoic lesion of 2.4 cm was detected (a). On contrast-enhanced
US, the lesion displayed strong peripheral rim enhancement in the arterial phase (b). Portal-venous phase imaging (c) shows fading of the
rim enhancement, with the centre of the lesion remaining without enhancement. In late phase (d) the lesion also remained as a hypoe-
choic enhancement defect

rial enhancement of HCC, even in nodules small-
er than 2 cm [24, 30-32]. With the use of con-
trast-enhanced Doppler US, Fracanzani et al.
[24] detected an increase of 35% in the detection
of vascularisation in HCCs after the administra-
tion of contrast agent (from 60% (12/20) of
HCCs with unenhanced color Doppler US to 95%
(19/20) of HCCs with contrast-enhanced colour
Doppler US), with the same sensitivity when
compared with spiral CT. Other reports with
power Doppler US showed similar results, with
marked enhancement of tumour vascularity
after the administration of contrast agent [31,
33]. Results have also been extremely good using
contrast-enhanced US in gray-scale imaging [27,
31, 32]. With the use of CEUS, few HCC remain
undetected due to the absence of arterial
enhancement. This limitation has been quanti-
fied in several studies [27, 31, 32, 34], but the sen-
sitivity of CEUS for the detection of arterial
hypervascularisation is the same as other imag-

ing techniques such as CT or MRI, and has been
correlated with the degree of HCC differentia-
tion [35]. Overt HCC receives an exclusive arteri-
al blood supply, but most early well-differentiat-
ed HCCs also receive a portal blood supply,
because they contain portal tracts within the
tumour. Thus, some of these early small HCCs do
not show hypervascularity. In a study performed
by Kumada et al. [21], the type of vascularisation
by Doppler US correlated with angiography-
assisted CT and pathological findings. Well-dif-
ferentiated HCCs showed decreased arterial
blood supply without decreased portal blood
supply, or an insufficient development of arterial
tumour vessels [4]. In contrast, moderately or
poorly differentiated HCCs showed an increased
arterial blood supply with decreased portal
blood supply. Thus, with imaging modalities
such as CEUS, CT or MRI with contrast agents,
or angiography, a subset of well-differentiated
HCCs have a nearly normal vascular profile [27,
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Fig. 4a-c. Well-differentiated HCC in a cirrhotic patient. On baseline US a heterogeneous tumour of 2.6 cm was detected in the right
hepatic lobe. a After the administration of contrast agent, the lesion showed intense and homogeneous enhancement in the arterial
phase (b). The HCC became isoechoic with respect to the surrounding liver in the portal phase (c), remaining undetectable in the late
phase due to its isoechogenicity with respect to the liver parenchyma (d)

36] and this is usually found in small HCC. In
this regard, Giorgio et al. and Gaiani et al. [31, 32]
found a decrease in sensitivity in the detection of
selective arterial enhancement, depending on
the tumour size and degree of differentiation.
Giorgio et al. found a sensitivity of 53.6% and
Gaiani et al. of 83.3% in nodules 2 cm or less,
with sensitivity of 91.3% and 94.5%, respectively,
in nodules 2 cm or greater. We obtained a high
sensitivity in nodules less than 2 cm (95.2%),
which was higher than the sensitivity achieved
in these studies, but most of our lesions (91%)
were greater than 1 cm in size. More recently,
Bolondi et al. [34] found that 17% of HCC
between 1 to 2 cm were hypovascular, whereas
none of the HCC larger than 2 cm were hypovas-
cular.

HCC must be differentiated from benign
lesions such as haemangiomas, hypervacular DN
and pseudonodules related to arterio-portal
shunts, which may mimic HCC due to the pres-

ence of homogeneous arterial enhancement.
This diagnostic problem is more accentuated in
nodules smaller than 2 cm. Most haemangiomas
larger than 2 cm that are incidentally found in a
cirrhotic patient show a very specific peripheral
nodular enhancement in the arterial phase that
can be differentiated from the homogeneous
enhancement of HCC. However, pathognomonic
nodular enhancement is frequently absent in
small haemangiomas, as has been described
using CT [37] (Table 1). In a study comparing
pre-transplant HCC diagnosis to explant histol-
ogy, Hayashi et al. [38] reported that 33% of
enhancing tumours diagnosed by imaging tech-
niques were not HCC, whereas 63% of misdiag-
nosed tumours were arterially-enhancing
lesions less than 2 cm. However, the incidence of
enhancing lesions or pseudolesions is higher in
CT and MRI than in US because most vascular
abnormalities can be discarded using US.

The differential diagnosis with these hyper-
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Fig. 5a-d. Regenerating nodule in a cirrhotic patient. On baseline US a hypoechoic lesion of 1.2 cm was detected in segment V (a). On
contrast-enhanced US, the lesion did not show enhancement in the arterial phase (b), being isoechoic with respect to the surrounding liv-
erin the portal (c) and late phases (d). Diagnosis was confirmed by fine needle biopsy and a follow-up US at 12 months

enhancing lesions in the arterial phase can be
performed by the evaluation of the enhancement
in the late phase as has been remarked by the
European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB) [39]. This
society held a special consensus conference in
January, 2004 to present guidelines for the use of
US contrast agents, including the characterisa-
tion of focal liver lesions. The presence of a wash-
out in the portal phase with hypovascularity in
the equilibrium phase contributes to improve the
specificity of the technique, because benign
lesions enhance at least with the same intensity of
the normal liver in the late phase. This fact is in
concordance with other studies using CT and
MRI. Marrero et al. [40] found that the presence
of a delayed hypointensity of an arterially
enhancing lesion using dynamic gadolinium-
enhanced MRI was the most important inde-
pendent predictor for a diagnosis of HCC,
regardless of tumour size. However, late phase

contrast scanning in cirrhotic patients is more
difficult to evaluate than in non-cirrhotic livers
[29, 41]. Haemodynamic changes with hyperdy-
namic circulation and shunting may make
parenchymal enhancement in the late phase in
cirrhotic patients appear heterogeneous and less
intense than in normal livers, making evaluation
difficult. In a recent study, we evaluated the accu-
racy of the late phase of SonoVue for the differen-
tiation between benign and malignant tumours
[29]. We obtained 93.6% of accuracy in non-cir-
rhotic patients, whereas the accuracy of the late
phase in cirrhotic patients was 75.2%. This lower
accuracy was due to the presence of 29.3% of
isoechoic HCC in the late phase. The presence of
a significant number of isoechoic HCCs in the
delayed phase has been described in previous
studies [27, 28], but other authors have described
a very low incidence of isoechoic HCC in the
delayed phase using Levovist or SonoVue [42]. In
a study by Dietrich et al. [41] using the late phase
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Fig. 6a-f. Transition from a dysplastic nodule to well-differentiated HCC. On MRl imaging, a lesion of 2 cm was diagnosed as a dysplastic
nodule. The lesion was hyperintense in a T1-weighted image (a) and in a T2-weighted image, without enhancement in the arterial phase
after the administration of Gadolinium (b). Three months later, a follow-up US was performed demonstrating tumor growth to 2.3 cm (c),
thus contrast-enhanced US was also performed. After the administration of SonoVue, the posterior part of the lesion showed absence of
enhancement in the arterial phase, but there was nodular enhancement in the anterior part of the tumor, suggesting the presence of a fo-
ci of HCC inside the dysplastic nodule (d). The whole lesion became isoechoic in the portal (e) and late phases (f). A fine needle biopsy of
the enhancing area was performed, confirming the presence of a well-differentiated HCC
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Table 1. Summary of contrast-enhanced US findings of the nodules most frequently found in cirrhotic patients in the arterial, portal and

late phases
Arterial Portal Late phase
Hepatocellular carcinoma Hyperechoic Isoechoic Hypoechoic
Isoechoic (30%,
especially in small
and well-differentiated
HCC)
Regenerating and dysplastic nodules  Iso- or hypoechoic Isoechoic Isoechoic
Haemangiomas Hyperechoic Centripetal filling Isoechoic if filling is
(peripheral nodular complete (Intralesional
enhancement) hypoechoic areas
in 50%)
Homogeneous Hyper- or Isoechoic Hyper- or Isoechoic
hyperechoic in 20%
of small haemangiomas
Cholangiocarcinoma Hypoechoic Iso- or hypoechoic ~ Hypoechoic

Hyperechoic (15%)

of Levovist, 100% HCCs were hypoechoic in the
late phase. However, these authors remarked that
39.3% of HCC had variable and less impressive
signal voids in the setting of heterogeneous
enhancement of the liver parenchyma, making
interpretation difficult.

Role of Contrast Ultrasound in
Clinical Practice

Detection of Hepatic Lesions in Cirrhotic
Patients

US has a limited sensitivity for the detection of
small nodules in the setting of cirrhotic patients,
especially if nodules are isoechoic or subcapsu-
lar. The use of contrast-enhanced US in the
detection of invisible nodules on baseline US
relies on the detection of arterial hypervascular-
isation or the detection of the hypoechogenicity
with respect to the liver parenchyma in the late
phase. However, US examination of the entire
liver is almost impossible in the arterial phase,
because it only lasts 20-30 seconds. Thus, multi-
ple doses of contrast agent would be necessary to
screen all the liver parenchyma. Moreover, evalu-
ation of the late phase is difficult because the
appearance of HCC in the late phase is variable
with several isoechoic HCC. Moreover, enhance-

ment of the liver parenchyma is inhomogeneous
due to the alterations of cirrhotic microvascular-
isation. Thus, in our institution, we use CEUS to
identify lesions suspicious of HCC detected
using CT or MRI that are invisible on baseline
US. This procedure is necessary when biopsy or
percutaneous treatment of a HCC is considered
and the nodule is not detected on US. CEUS
study focused on the segment in which the
tumour has been detected with the other imag-
ing technique usually helps to detect arterial
enhancement (Fig. 7).

Characterisation of Liver Lesions

Characterisation of hepatic lesions is, at present,
the main application of CEUS, together with the
evaluation of responses to percutaneous treat-
ment. Several studies have demonstrated the
usefulness of CEUS in the diagnosis of HCC and
the characterisation of cirrhotic nodules.
Previously, when a new nodule is detected in a
cirrhotic patient on US screening or surveillance
programs, a follow-up every three months was
recommended if the nodule was smaller than 1
cm, but nowadays it is preferable to administer a
US contrast agent to detect the arterial enhance-
ment that is the key to the diagnosis of HCC. If
the enhancement pattern is characteristic
(hypervascular in the arterial phase and hypoe-
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Fig. 7a-d. Detection of an undetectable HCC. This small HCC was detected in an MRI study and sent to the US department for percuta-
neous treatment. T1-weighted MR imaging before (a) and after the administration of gadolinium (b) showed a small lesion in segment VI
(1.5 cm) with peripheral enhancement during the arterial phase. On baseline US (c), there was no evidence of focal hepatic lesions in this
segment. After the administration of SonoVue (d), nodular enhancement in arterial phase allowed the detection of the tumour

choic in the late phase), CT and MRI are used to
complete the staging before treatment. If the
enhancement pattern is not characteristic, but
shows arterial hypervascularity and the lesion is
smaller than 2 cm, biopsy is recommended. If it
is larger than 2 cm a MRI may be the most use-
ful technique for characterising the nodule.
Moreover, as a negative biopsy does not exclude
the diagnosis of HCC [6], close follow-up is rec-
ommended in patients with a focal lesion with
negative HCC biopsy to detect any change in size
that may require another biopsy.

Other Applications

US Staging of HCC

Accurate staging is crucial to determine the best
treatment for HCC, and also influences the prog-
nosis of the patient. Staging depends on tumour
size, the number and location of lesions, the
presence of satellite nodules and biliary exten-
sion, and vascular and extrahepatic invasion.
Evaluation of satellite nodules can usually be
performed because most satellite foci are very
near the primary tumour. However, CEUS cannot
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replace other imaging techniques such as CT or
MRI for evaluating all of the liver parenchyma to
discard additional nodules and extrahepatic
invasion. One of the utilities of CEUS is the
assessment of vascular invasion that represents
an enormous change in therapeutic possibilities.
Thrombosis in the portal vein can be visualised
as a solid mass inside the tumour. Characterisa-
tion of the thrombi can be easily performed with
CEUS. Fine-needle aspiration biopsy is safe and
sensitive for establishing whether portal vein

thrombosis is benign or malignant [43], and the
presence of arterial vascularisation inside the
tumour using Doppler techniques is a highly spe-
cific sign of malignancy [44].In some cases, espe-
cially in patients with only a thrombus in a small
or peripheral segment of the portal vein, evalua-
tion with colour Doppler is not useful. With the
use of contrast agents, the detection of enhance-
ment in the arterial phase inside the tumoural
thrombus allows its differentiation from a non-
tumoural thrombus (Fig. 8).

Fig. 8a, b. Malignant portal thrombus in a cirrhotic patient. An expanded right portal vein was detected on baseline US (a). In the early
arterial phase there was a clear intrathrombus enhancement that is typical of the presence of tumor inside the thrombus (b). The suspi-
cion was confirmed with fine needle aspiration

Key Points

rhotic setting.

+ Arterial neovascularisation of HCC is the key to differentiate it from other liver tumours.

+ Contrast-enhanced ultrasound is indicated for detection of the vascularisation of sus-
pected or known lesions in patients with chronic liver disease or cirrhosis.

+ Using contrast-enhanced ultrasound, the finding of a hyperenhancing lesion in the arte-
rial phase and hypoenhancing in the venous phase is highly specific for HCC in the cir-
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1.3

Detection and Characterisation

of Liver Metastases

Thomas Albrecht

Introduction

Both benign and malignant focal liver lesions are
very common, and staging of the liver for metas-
tases in cancer patients is one of the most fre-
quent tasks of every day radiological practise.

The most common malignant liver lesions are
metastases from other organs: 25 to 50% of
patients with known solid malignant tumours
have hepatic metastases at the time of diagnosis,
with decreasing frequency of metastases in
colon, gastric, pancreatic, breast and lung cancer
[1]. On the other hand, the prevalence of solid
benign liver tumours has been reported to be
more than 20% in autopsy series [1, 2] and thus
in patients with malignancy, 25-50% of lesions
under 2 c¢m in size are benign [3, 4]. The most
frequent benign lesion is haemangioma, which
has a prevalence of 7-21% [2, 5], followed by
focal nodular hyperplasia (FNH) with a preva-
lence of up to 3% [2, 6]. Adenomas are much
rarer than FNH (by a factor of approximately 50)
and they usually occur in female patients with a
history of sex hormone medication. Other rela-
tively rare benign lesions are pyogenic, parasitic
or fungal abscesses. Areas of focal fatty change
or focal fatty sparing are very common; they do
not represent true lesions but may appear as
pseudo-tumours on ultrasound (US) and are
thus easily confused with real tumours such as
metastases. Pseudo-tumours are particularly
common in patients undergoing chemotherapy
and their tendency to vary in extent and location
over time can pose problems for serial imaging
of tumour patients.

From the above, it is obvious that liver imag-
ing of cancer patients requires an imaging
modality that is not only provides highly sensi-
tive detection, but also reliable characterisation
of lesions, thus allowing differentiation of malig-

nant from benign tumours. This is particularly
important since almost all benign lesions, as well
as non-end-stage metastases, are typically
asymptomatic, and blood tests are non-specific.

Accurate and timely detection of hepatic
metastases is very important because of their
far-reaching therapeutic and prognostic impli-
cations. Especially through the recent improve-
ments in liver resection and local ablation of
metastases from colo-rectal and some other pri-
mary carcinomas, liver imaging has become
more demanding. Accurate assessment of num-
ber, size and segmental location of metastases is
required to identify patients that are suitable for
surgical or interventional therapy, for treatment
planning and for follow-up imaging under
chemotherapy.

In the past, US had an important but some-
what limited role in liver imaging of cancer
patients. Although commonly the first and most
widespread modality used, its detection rate was
inferior to that of computed tomography (CT)
and magnetic resonance imaging (MRI), and its
ability to differentiate metastases from other
focal liver lesions was often limited. With the
advent of US contrast agents (USCA) and new
contrast-specific imaging techniques in the last
few years, contrast-enhanced US (CEUS) has
become a powerful tool, which has significantly
changed the role of US for liver imaging in can-
cer patients.

Conventional Ultrasound
B-mode Features of Metastases
The ability of US to detect a focal liver lesion

depends on a number of factors: echogenicity,
size, location, and mass effect. The two most
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important factors are liver-to-lesion contrast
and spatial resolution: even small strongly
hyper- or hypoechoic lesions are easily detected
(Fig. 1a). Conversely, isoechoic masses are usual-
ly missed and must be larger in order to be
detected. Mass effect is important for the detec-
tion of isoechoic lesions. It manifests as devia-
tion or invasion of the intrahepatic vasculature
and/or bulges in the liver contour.

The echo patterns of metastases are numer-
ous (Fig. 1), but some patterns are said to be
associated with certain primary tumours (Table
1). US appearances of metastases may vary with-
in a given patient as well as over time, and par-
ticularly following chemotherapy. Most metas-
tases are round and have well-defined margins.
Hypoechoic metastases are more common
(approximately 65%) than hyper- or isoechoic

Fig. 1a-e. Examples of different sonographic presentations of
liver metastases. a Homogeneously hypoechoic lesions are usual-
ly easily seen, even if they are small (8 and 12 mm). Primary
tumour: bronchogenic carcinoma. b Homogeneously hyperechoic
metastasis with an identical appearance to a typical haeman-
gioma. Primary tumour: neuroendocrine carcinoma. ¢ Isoechoic
lesion with hypoechoic halo on intra-operative ultrasound
obtained prior to resection of a colon carcinoma. d Slightly hyper-
echoic mass with hypoechoic halo and areas of necrosis, primary
tumour: colon. e Unusual pattern: hypoechoic lesion with a hyper-
echoic halo. Primary: testicular carcinoma, on chemotherapy
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Table 1. Common sonographic patterns of hepatic metastases
from various primary malignancies. Note that any primary tumour
may produce liver metastases with any of the patterns named

Hyporeflective (most common)
Breast
Lung
Lymphoma
Pancreas

Hyper-reflective
Colon
Neuroendocrine carcinoma
Renal cell
Choriocarcinoma

Target pattern (“halo”)
Most commonly lung, colon
Occurs in all others

Calcified
Common: (treated) mucinous adenocarcinoma of
colon, stomach, ovary
Rare: osteosarcoma, chondrosarcoma

Cystic
Ovary, pancreas, colon
Sarcoma
Squamous cell carcinoma

Infiltrative
Breast
Lung
Pancreas
Thyroid
Malignant melanoma

metastases. A hypoechoic halo is seen surround-
ing the lesions in 40% of cases [7], and is most
often associated with iso- or hyperechoic metas-
tases. The cause of the halo is controversial. It is
not pathognomonic of metastases as it may also
be seen in hepatocellular carcinoma (HHC), fun-
gal abscess, adenoma and, less commonly, in
FNH and haemangioma. Cystic areas indicative
of necrosis may occur. Calcified metastases are
sometimes seen in patients with mucinous ade-
nocarcinoma of the gastrointestinal tract, and
are more common after chemotherapy.

Multiple lesions in a patient with a known
primary malignancy are highly suggestive of
metastases. Multiple metastases may show as
several individual lesions or as diffuse infiltra-
tion, producing the “moth-eaten” appearance of
a heterogeneous liver, combined with definite or
questionable individual lesions (Fig. 2).

Fig. 2. Multiple/diffuse metastases giving the “moth-eaten”
appearance

Doppler Imaging

For growth, liver malignancies require a neovas-
cular supply. However, Doppler techniques are
often limited in their ability to image the vascu-
larity of metastases and other lesions since the
flow signals are too low (small vessels with rela-
tively slow flow). Power Doppler is slightly supe-
rior to conventional colour Doppler in this
respect. Doppler typically shows no or some
peripheral vascularity in hypovascular metas-
tases, while hypervascular deposits may show
vessels throughout the lesion (Figs. 3a, 3b). Both
these patterns are also common in other focal
liver lesions. The addition of Doppler is of limit-
ed value in differentiating metastases from other
lesions, it has no added value for detection.
Doppler can be useful to differentiate metastases
from FNH (Fig. 3¢) and focal fatty change/infil-
tration, as discussed below.

Differential Diagnosis

The differential diagnosis of metastases is wide,
and includes any focal lesion that may be
encountered in the liver. Generally speaking, any
histologic type of lesion seen on B-mode US can
mimic metastasis and vice versa. Only common
lesions will be discussed here. Primary malig-
nant lesions such as hepatocellular carcinoma
and peripheral cholangiocarcinoma (CCC) can-
not be differentiated from metastases based on
lesion appearances alone. However, unifocal pri-
mary malignant tumours tend to present as large
single tumours, which is less common in metas-
tases. HCC usually occurs in patients with cir-
rhosis, and large HCC may form a tumour
thrombus within the portal vein. Both of these
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presentations are important differential diag-
nostic clues. (Peripheral) CCC more frequently
causes (segmental) biliary obstruction than
other malignant tumours. Multifocal HCC and
CCC are not uncommon and may be indistin-
guishable from multiple metastases.

The two most common benign solid lesions -
haemangioma and FNH - often have quite typical
appearances, which are helpful for their diagno-
sis. The commonest sonographic appearance of
haemangioma (60-70%) is a homogeneously
hyperechoic lesion less than 3 cm in size. Not
infrequently, these tumours show posterior
acoustic enhancement, which is a very valuable
differential diagnostic criterion (Fig. 4a). Atypical
features are commoner in larger haemangiomas
and include hypoechoic lesions (Fig. 4b), hetero-
geneous echogenicity with hypoechoic areas
due to necrosis, haemorrhage, partial thrombo-
sis or scarring. Calcification may also occur. A
significant proportion of atypical haeman-
giomas have an echogenic periphery and a

Fig. 3a-c. Colour/power Doppler appearances of metastases ver-
sus FNH.a Colour Doppler of a hypovascular metastasis from bron-
chogenic carcinoma showing peripheral rim vascularity of the
lesion and only a few colour dots within the lesion. b Power
Doppler of a hypervascular metastasis from malignant melanoma
shows stronger rim enhancement and multiple small vessels
almost evenly distributed throughout the lesion. ¢ Power Doppler
of FNH shows the characteristic “spoke-wheel pattern” of a central
feeding artery branching and radiating centrifugally towards the
periphery of the lesion

hypoechoic centre. Atypical haemangiomas are
often indistinguishable from metastases (Fig. 4a).
Despite its vascular nature, the blood flow with-
in a haemangioma is too slow to be detected by
Doppler modes.

FNH is typically homogeneously isoechoic
and it is therefore often overlooked, especially
when small. Its visualisation depends on mass
effect, with displacement of normal vessels and a
slightly different (coarser) echo pattern than the
surrounding parenchyma. FNH may also be
slightly hyper- or hypoechoic compared to nor-
mal liver. In large FNH (= 4-5 cm), a hypoechoic
central scar may be visible, and colour Doppler
often shows a spoke-wheel arterial pattern of ves-
sels radiating from the centre to the periphery
(Fig. 3c). While large FNHs are often easily diag-
nosed based on their almost isoechoic texture, the
central scar, and the spoke-wheel pattern, small
FNHs often lack these typical features and are
easily confused with metastases, especially in
young women with breast cancer (Fig. 5).
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Fig. 4a, b. a Two typical homogeneously hyperechoic haemangiomas with posterior enhancement (arrowheads). b Atypical hypoechoic
haemangioma in a patient with a fatty liver and carcinoma of the prostate. The lesion is indistinguishable from a metastasis

(cf. Fig. 1a)

Fig. 5. Small hypoechoic FNH (arrow) indiscernible from metasta-
sis

Focal fatty change presents as a hyperechoic
area within the normal parenchyma and focal
fatty sparing is a normal, relatively hypoechoic
area in an otherwise hyperechoic fatty liver. Both
lesion types are common in patients on
chemotherapy. The size of the lesions may vary
from less than a centimetre, to large areas cover-
ing several liver segments. Large areas of focal
fatty change or sparing are readily diagnosed
based on their characteristic ‘geographical’ or
triangular shape without mass effect, while
smaller lesions are often round or oval and are
easily mistaken for metastases. A helpful differ-
ential diagnostic feature is their preponderance
to occur at typical anatomical sites such as in
segment IV at the insertion of the falciform liga-
ment or in segment V near the main portal vein
or the gallbladder fossa. On Doppler imaging,
focal fatty change and sparing shows no abnor-
mal vascularity and normal hepatic vessels

crossing the lesion without displacement may be
seen.

Multiple (fungal) abscesses sometimes occur
in patients on chemotherapy (especially chil-
dren) and they represent an important differen-
tial diagnosis of multiple lesions in patients on
chemotherapy. Abscesses often do not have a
typical cystic appearance, since their liquid por-
tion contains corpuscular echogenic material.
Their appearance can be identical to that of
metastases, including the presence of a hypoe-
choic halo in fungal disease. Clinical signs and
symptoms of infection may point towards the
presence of an abscess.

Fatty Infiltration of the Liver and
Metastases

Diffuse fatty infiltration of the liver, which often
occurs during chemotherapy, can have substan-
tial impact on US of focal liver lesions. On the
one hand, it increases the reflectivity of the
hepatic parenchyma and thus aids detection of
lesions that would be isoechoic in a normal
liver, and of hypoechoic lesions, since liver-to-
lesion contrast is increased - one could call fatty
infiltration a ‘natural contrast agent’. On the
other hand, severe fatty infiltration increases
attenuation of sound by the liver and thus
reduces penetration, which can obscure lesions
in deeper liver areas. Further problems can
occur when a small benign isoechoic lesion such
as FNH or haemangioma, which remained
undetected before chemotherapy, becomes visi-
ble as a ‘new’ hypoechoic lesion on follow-up.
Such lesions are commonly misinterpreted as
metastases (Fig. 4b).
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Current Role and Limitations of
Conventional US in Clinical Practice

As discussed above, there are no pathognomonic
features of metastases on B-mode or colour
Doppler and the differentiation of a single metas-
tasis from other lesions is usually not possible.
Such lesions are usually investigated further
through the use of US contrast agents, other im-
aging modalities or sometimes biopsy. In a pa-
tient with a known primary malignancy, any focal
liver lesion seen on unenhanced US must be re-
garded as suspicious of metastasis until proven
otherwise. However, many lesions (25-50% of le-
sions <2 cm [3,4]) will eventually prove to be be-
nign, once contrast-enhanced US, other imaging
tests or biopsy are used further to characterise
the lesion.

The accuracy of unenhanced US for the assess-
ment of hepatic metastases is lower than that of
CEUS, CT and MRI. In series with true gold stan-
dard (intra-operative US or resection), its sensitiv-
ity ranges between 50% and 76% [8-12] (Table 2),
which is considerably lower than that of CT and
especially MRI. Problems of US for the detection
of metastases are that the subdiaphragmatic areas
of segments IVa and VIII are sometimes difficult
to access and that there is poor liver-to-lesion con-
trast of almost isoechoic metastases, especially
when small. For lesions smaller than 1 cm, the
false negative rate is as high as 80% [9]. The false
positive rate of US is in the order of 5-10% on a by
patient basis and considerably higher on a lesion-
by-lesion basis. For these reasons, CEUS, CT or
MRI will be added to conventional US in most
cancer patients for definitive liver staging, unless
multiple metastases are clearly shown.

The role of US for follow-up of patients with
hepatic metastases during chemotherapy is con-
troversial. Its operator-dependant nature, and
problems with reproducible image documenta-
tion limit its ability to clearly show small changes
over time. In most cancer centres, CT or MRI are
therefore preferred for follow-up imaging.

Contrast-Enhanced Ultrasound
Contrast Agents and Imaging Techniques

Two contrast agents are currently licensed for
liver imaging in Europe: Levovist (Schering,
Germany) and SonoVue (Bracco, Italy). The
imaging technique varies according to the con-
trast agent chosen. Contrast-specific imaging
modes exploiting non-linear bubble behaviour
must be used with both agents to achieve clini-
cally useful signal enhancement. Such imaging
modes are now available on most medium and
high end US systems.

Levovist, which was the first agent to be com-
mercially available, has liver-specific properties
during its late phase; this is advantageous for
detection of metastases. High mechanical index
(MI) imaging (MI > 0.7) must be applied when
using Levovist. It provides signal enhancement
due to strong non-linear signals from disrupting
microbubbles. The disadvantage of this tech-
nique is the highly transient nature of the sig-
nals, which persist only for a few frames after
insonation of an individual area, until the bub-
bles in the imaging plane are destroyed. To
exploit the enhancement for clinical use, special
scanning techniques such as rapid sweeping
through the liver to image intact bubbles with
each new frame or intermittent imaging have to
be employed. Such scanning techniques are
somewhat cumbersome and multiple sweeps
through the liver are only possible with repeated
injections. For these reasons, Levovist is no
longer used on a large scale despite some very
good results for detection and characterisation
of focal liver lesions.

SonoVue, a more recent agent, provides
strong and persistent signal enhancement due to
its strong harmonic resonance at low (< 0.2) and
very low (< 0.1) MI, where minimal or no bubble
destruction occurs. This allows for continuous
real-time imaging of a lesion during its vascular
phase, as well as comprehensive surveying of the

Table 2. Sensitivity of conventional and contrast-enhanced US in detection of hepatic metastases; studies with true gold standard

(I0US + resection) only

Author year Contrast agent No. patients Sensitivity Sensitivity
baseline post-contrast
Clarke 1989 [8] Only unenhanced 54 76% -
Wernecke 1991 [9] Only unenhanced 75 53% -
Ohlson 1993 [10] Only unenhanced 71 50% -
Albrecht 2000 [11] Levovist 35 70% 82%
Konopke 2005 [12] SonoVue 56 53% 86%
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liver in multiple planes during the delayed
phase. Low MI imaging with SonoVue is now
preferred in most instances, although it has
weaker liver-specific properties than Levovist.

Several experimental agents such as Sonazoid
(NC100100; Amersham Medical, UK) or BR14
(Bracco, Italy) combine the advantages of good
enhancement at low MI with strong liver-specif-
ic properties. Early clinical studies have demon-
strated the potential of such agents for detection
of metastases. Unfortuna-tely, for commercial
reasons, manufacturers are currently hesitant to
continue the clinical development of such
agents.

With real-time low MI imaging, the dynamic
enhancement pattern and the vascular morphol-
ogy of a lesion is assessed during the arterial
(starting 10-20 seconds, and ending 25-53 sec-
onds after injection) and portal-venous (starting
30-45 seconds and ending 120 seconds after
injection) phases [13]. The delayed phase (> 2
minutes after injection) is particularly useful for
detection of metastases as they show as non-
enhancing defects. Characterisation is also
improved by the late phase as the great majority
of benign lesions show contrast up-take in this
phase (see below).

Features of Metastases on Contrast-
Enhanced Ultrasound

Metastases show characteristic dynamic features in
all three phases after contrast injection (Figs. 6-8).
All metastases have a predominantly arterial
blood supply as opposed to a portal-venous one,
but the degree of arterial perfusion is variable.
Their appearance during the arterial phase of
contrast-enhancement depends on the extent of

arterial perfusion. Hypovascular metastases with
relatively low arterial supply are common and
typically occur in patients with adenocarcinoma
or squamous cell carcinoma from gastrointestinal
and other primaries. These lesions typically show
rim enhancement of varying extents in the arteri-
al phase. Hypervascular metastases are less com-
mon overall, they occur in patients with renal cell,
thyroid or neuroendocrine carcinomas as well as
with malignant melanoma and sarcoma and in
about 25% of patients with breast cancer. During
the arterial phase, hypervascular metastatic
deposits show as homogeneously and strongly
enhancing hyper-reflective and lesions, some-
times with non-enhancing necrotic areas. 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 metastases almost
invariably show as dark enhancement defects
while the enhancement persists in normal liver
parenchyma [7], independent of the contrast
agent and imaging technique used. During the
delayed phase metastases are often very well-
defined, often with sharp, “punched out” borders
(Figs. 7-10). 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
(Figs. 9, 10), see below for details.

Differential Diagnosis on Contrast-
Enhanced US

As discussed above, unenhanced US is usually
not able to reliably differentiate metastases from
other lesions. Conversely, the use of contrast
agents achieves this goal in most cases, since all

Arterial PV

Hypovascular [ @ ]

Hypervascular .

Delayed

Fig. 6. Schematic display of the
dynamic enhancement of hypo-
and hypervascular metastases
post-contrast injection during
the arterial, portal-venous (PV)
and delayed phase
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Fig. 7a-c. Dynamic features of a “hypovascular” hepatic metas-
tasis from a breast primary after contrast injection (SonoVue).aIn
the arterial phase the lesion displays strong peripheral rim
enhancement (arrow). b Portal-venous phase imaging shows fad-
ing of the rim. ¢ In the delayed phase, the lesion shows as a hypoe-
choic enhancement defect

Fig.8a-d. Dynamic features of a “hypervascular” metastasis from
a bronchogenic carcinoma after contrast injection (SonoVue).
aConventional greyscale image shows a hyperechoic lesion. b Dur-
ing the arterial phase 18 seconds post injection, the lesion enhances
homogenously while there is little contrast up-take by the liver
parenchyma. ¢ Portal-venous phase image (46 seconds post-injec-
tion) shows enhancement of normal liver and partial contrast wash-
out from the lesion. d Delayed phase image (3:07 minutes post-in-
jection) with persistent enhancement of the normal liver and com-
plete contrast wash-out from the metastasis

INJ 2, 24 ML
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common solid benign liver lesions have charac-
teristic dynamic imaging features on contrast-
enhanced US and their diagnosis is thus often
unproblematic [7, 14-16]. Most of these features
are analogous to those on dynamic CT and MRI.

Haemangiomas show a characteristic periph-
eral nodular arterial phase enhancement fol-
lowed by gradual centripetal filling during the
later phases (Fig. 11). The filling may be partial

90dB
Gain=

or complete. The speed of filling is size depend-
ent: while small haemangiomas often fill within
less than a minute, large lesions may take 5 min-
utes or more. The portal-venous and delayed
enhancement of haemangiomas has been
referred to as “lake-like”. Many large haeman-
giomas will not fill completely and approximate-
ly 5-10% of smaller haemangiomas will show
only minor peripheral filling (Fig. 12).

Fig. 9a-e. Patient with multiple small metastases. a Baseline US
shows three ill-defined hypoechoic lesions in a slightly heteroge-
neous liver. b-c In the portal-venous and delayed phase post
SonoVue, multiple lesions are revealed throughout 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) confirms the
presence of multiple lesions
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Fig. 10a-c. Patient with colorectal carcinoma. a Baseline US
shows a nearly isoechoic lesion in Segment VI, measuring 1.5 cm.
b In the delayed phase post SonoVue (2.5 minutes) the metastasis
appears as a typical enhancement defect and is more easily visi-
ble. A second metastasis of 2 cm is now detected in segment V.
¢ Spiral CT examination in portal-venous phase (150 ml lohexol
300) confirms the presence of the two metastasis

Fig. 11a-d. Typical dynamic enhancement of a haemangioma using Sonazoid. a Atypical baseline appearances: isoechoic lesion suspi-
cious of metastases in a patient with colon carcinoma. b Arterial phase with peripheral nodular enhancement (arrowheads).
¢ Partial centripedal fill-in in the portal-venous phase (45 seconds post injection). d Complete filling of the haemangioma in the delayed
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This can lead to misinterpreted identification as
metastases. In such instances it is important to
carefully assess the arterial phase for peripheral
nodular enhancement (haemangioma) versus
rim enhancement (metastasis), although these
can be confused in small lesions.

FNH appear as lesions with homogeneous
enhancement in the arterial phase. In about 50%
of FNH this is preceded by a typical spoke-wheel
arterial pattern with centrifugal filling early in
the arterial phase through a dominant feeding
artery, lasting for a few seconds (Fig. 13). In the
subsequent phases, the lesions show a similar
degree of enhancement to the normal liver, due to
the fact that they consist of a liver-like tissue. A
non-enhancing central scar is frequently seen in
larger FNH during the delayed phase (Fig. 13c).
Delayed phase imaging is particularly useful for
FNH, as they invariably show as isoechoic or
hyperechoic lesions, often with a non-enhancing
central scar that was previously invisible. They
are thus easily differentiated from metastases.
Small FNH especially may become completely
occult in the delayed phase due to their liver-like
contrast behaviour.

Focal fatty change and focal fatty sparing
show the same contrast behaviour as normal
liver parenchyma in all phases, since they con-
tain no abnormal vessels and essentially consist
of normal parenchyma. Normal vessels that
cross the lesions without displacement are much
more commonly seen than on conventional
Doppler imaging, since much smaller vessels can
be imaged. Again, these lesions usually disappear
after contrast injection (Fig. 14).

Liver abscesses can be confused with metas-
tases on CEUS since they also show rim enhance-
ment in the arterial phase and produce enhance-
ment defects in the subsequent phases. An
important differential diagnostic clue is the com-
plete absence of vessels and enhancement in the
central liquid portion of an abscess, while even
hypovascular metastases will display some weak
but visible central enhancement due to small ves-
sels, provided they are not necrotic.

Detection of Hepatic Metastases
with CEUS

As with other imaging modalities, the use of con-
trast agents substantially improves the ability of
US to detect liver metastases. As described
above, metastases are seen as non-enhancing
defects in an otherwise homogeneously enhanc-
ing liver in the portal-venous, and particularly in
the delayed phase, after contrast injection. The
impact on detection is most marked for small

lesions below 1 cm in diameter (Fig. 9) and for
lesions that are isoechoic on baseline US. On the
other hand, small metastases are less readily
detected than larger lesions even with the use of
contrast agents and may still be missed.

The use of contrast agents improves the sen-
sitivity of US in detection of individual lesions
by about 20% in comparison to baseline, inde-
pendent of the type of contrast agent used [11,
12, 17-20]. To the authors knowledge, only two
studies with a real gold standard (intra-operative
US + resection) have been published [11, 12]:
they showed a sensitivity of 82-86%, which is
comparable to contrast-enhanced CT and MRI
with non-specific Gadolinium chelates [21-24].
One of these studies compared CEUS and spiral
CT and found that the detection rate of CEUS
was almost identical to that of dual phase spiral
CT (82% versus 80%) [11].

Specificity in diagnosing metastatic liver dis-
ease is also improved with USCA by up to 28%
[18], since benign lesions show late phase
enhancement similar to normal liver - inde-
pendent of their arterial behaviour - and they
are thus usually not confused with metastases.
Furthermore, equivocal findings such as focal
areas of heterogeneous parenchyma on baseline
US, which raise the possibility of metastases, can
be assessed further with contrast agents. If
homogeneous enhancement is seen, metastases
can be ruled out.

Limitations of CEUS

Some of the limitations of baseline US also apply
to CEUS. If sonographic visualisation of some
parts of the liver is poor due to obesity or other-
wise unfavourable anatomy, this will not improve
with the use of contrast agents. This is particu-
larly true for subcapsular regions near the dome
of the diaphragm.

Penetration of contrast-specific imaging
modes is usually limited to 12-15 cm. This may
not be insufficient for full visualisation of the
deep parts of the liver in larger patients, even if
low frequencies are used. Scanning the patient
on the left side is very helpful in order to over-
come this limitation, as the liver moves forward
towards the transducer at the anterior abdomi-
nal wall in this position. Fatty change of the liver
aggravates the problem of limited penetration
and in severe fatty infiltration, large parts of the
liver may not be assessable by CEUS. Other
imaging modalities should be used in such
patients.



64  Enhancing the Role of Ultrasound with Contrast Agents

Fig. 12a-c. Haemangioma with atypical partial filling after injec-
tion of SonoVue. a Typical peripheral nodular enhancement
(arrows) in the arterial phase. b Partial centripedal fill-in during the
portal-venous phase. ¢ No further filling of the haemangioma in the
delayed phase. The centre of the lesion remains without contrast-
enhancement throughout the entire examination. This can easily
lead to confusion with metastases. The important differential diag-
nostic criterion is the arterial peripheral nodular enhancement typ-
ical of the haemangioma (versus rim enhancement, which is com-
monly seen in metastases)

P  Fig. 13a-c. Focal nodular hyperplasia post SonoVue. a Large

feeding artery (arrow) and spoke-wheel vascular pattern in the
lesion (arrowheads) during the early arterial phase (14 seconds
post injection). bTwo seconds later the lesion is completely filled
with contrast and appears hyperenhancing to normal liver. ¢In the
portal-venous/delayed phase (2 minutes post injection) the lesion
is isoenhancing to normal liver with the exception of a small
hypoenhancing central scar (arrowhead)
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Fig. 14a, b. Focal fatty sparing near the gallbladder in a patient with pharyngeal carcinoma. a Unenhanced US shows a round hypoe-
choic lesion suggestive of a metastasis (arrow). b Homogeneous enhancement of the lesion in the delayed phase post SonoVue. The lesion

is iso-enhancing to normal liver and becomes invisible

Current Role of CEUS in Clinical
Practice

Contrast agents have greatly enhanced the role
of US for liver imaging in oncology patients.
There are two main indications for the use of
contrast agents in this patient group: detection
of metastases and characterisation of uncertain
lesions.

Detection

According to the guidelines of the European
Federation of Societies for Ultrasound in
Medicine and Biology (EFSUMB) for the use of
contrast agents in US [13], contrast agents
should be used in ‘all liver ultrasound scans to
rule out metastases, unless conventional ultra-
sound shows clear evidence of these lesions’.
This recommendation reflects the substantial
improvement in sensitivity and the fact that the
sensitivity of unenhanced US is too low to rule
out metastases. Conventional US without con-
trast agents now has to be regarded as inade-
quate for ruling out metastases. The use of con-
trast agents is also recommended by the
EFSUMB guidelines ‘in selected cases, when clin-
ically relevant for treatment planning, to assess
the number and location of liver metastases as a
complement to CT and/or MRI’, since CEUS may
show lesions that were missed by other imaging
modalities. This obviously has important impli-
cations for planning of liver resection or local
ablation. It is important to remember that CEUS
is complementary to CT and/or MRI in such
patients, and that it cannot replace the other
modalities in the pre-operative or pre-interven-

tional work-up, since CT and MRI give more
comprehensive information about the liver and
all other abdominal organs, including lymph
nodes and peritoneum. The maximum informa-
tion should be sought in these patients by com-
bining several modalities. CT and/or MRI can,
however, be replaced by CEUS for liver staging in
patients with extra-abdominal tumours such as
breast carcinoma, who usually do not require
comprehensive abdominal imaging beyond the
liver.

Characterisation

As discussed above, CEUS is ideally suited to
characterise liver tumours in cancer patients, in
whom 50-75% of lesions < 2 cm represent metas-
tases, while the remainder is benign. CEUS
should be the first-line modality for the evalua-
tion of lesions seen on baseline US. It should be
performed as part of the initial US examination
and, in most cases, it will provide a definitive
lesion diagnosis. This approach avoids further
imaging such as MRI or CT in many patients,
especially when dealing with a benign lesion. It
spares the patient from psychological stress
while waiting for another examination. It is also
cost-effective and makes the best use of the
resources of a health care system, since the
added cost of USCA is lower than that of an
additional CT and especially of an MRI examina-
tion. CEUS can also be very useful in patients
with a lesion that cannot be characterised on CT
or even MRI. Not infrequently, such lesions can
be characterised on CEUS, sparing the patient a
biopsy. This approach is also recommended by
the EFSUMB guidelines.
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Key Points

+ Conventional US without contrast agents is limited in its ability to detect metastases and

to differentiate metastases from benign lesions.

+ USCA substantially improves the ability of US to visualise metastases and thus increas-
es the sensitivity of US for the detection of metastases, to a level that is comparable to

spiral CT.

+ CEUS provides reliable differentiation between metastases and benign lesions in most

cases.

+ USCA should be used in all oncology patients undergoing sonographic liver staging, un-
less metastases are clearly demonstrated by unenhanced US.
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Guidance of Percutaneous Tumor Ablation

Procedures

Luigi Solbiati, Massimo Tonolini and Tiziana lerace

Introduction

Diagnostic imaging plays a key role in all steps of

radiofrequency (RF) tumor ablation. It is used in

the following ways:

1) detection of lesions and selection of patients
for treatment;

2) targeting of lesions and guidance of the pro-
cedure;

3) immediate assessment of treatment results;

4) long-term follow-up.

Conventional, unenhanced ultrasound (US)
is widely employed for screening liver disease,
but variable sensitivity and well-known draw-
backs limit its role in the staging of liver tumors.
Furthermore, sonography represents the most
commonly used imaging modality for the guid-
ance of percutaneous ablative treatments owing
to its availability, rapidity and ease of use.
Differentiation of induced necrosis from a viable
tumor is not possible with baseline and color
Doppler sonography and therefore the immedi-
ate and long-term assessment of the therapeutic
result is usually accomplished by contrast-
enhanced helical computer tomography (CT)
and magnetic resonance (MR).

In our experience, the use of contrast-
enhanced ultrasound (CEUS) represents a sig-
nificant improvement over conventional US for
each of above-mentioned steps and has proven
useful in achieving optimal patient management
and treatment results [1].

Detection of Lesions and Selection
of Patients

A wide range of treatment options is currently
available for both primary and metastatic liver
tumors. Therefore, timely detection and accurate

quantification of neoplastic involvement at the
time of diagnosis or during the course of the dis-
ease allows optimal patient management and
treatment selection and may ultimately result in
prolonged survival and possibly cure.

Adequate local tumor control is feasible with
percutaneous RF ablation, provided that correct
indications are respected. In most institutions
patients with chronic hepatitis or cirrhosis with-
out functional liver decompensation, portal
thrombosis or extrahepatic tumor spread may
undergo RF of one to four/five dysplastic lesions
and/or hepatocellular carcinoma foci each not
exceeding 4-4.5 cm. Hepatomas larger than 5 cm
are usually treated by means of combined thera-
pies (trans-arterial chemoembolization, ethanol
injection, radiofrequency) [2-4]. Effective abla-
tion of liver metastases requires the creation of a
0.5-1 cm ‘safety margin’ of ablated peritumoral
liver tissue in order to destroy microscopical
infiltrating tumor and therefore limit the inci-
dence of local recurrence. In patients with previ-
ous radical treatment for colorectal, breast or
other primary tumors, RF treatment is feasible
when up to five liver metastases are present, each
one not exceeding 3.0-3.5 cm in size [5-10].

Cross-sectional imaging modalities such as
multiphasic contrast-enhanced helical CT and
dynamic gadolinium-enhanced MR represent
the mainstay for the staging of hepatic and
extra-hepatic neoplastic involvement, whereas
the use of hepatobiliary and reticuloendothelial-
specific MR contrast agents may be helpful to
maximize lesion detection in selected patients
[11,12].

The ‘gold standard’ for the detection of focal
liver lesions is undoubtedly represented by intra-
operative ultrasound (IOUS). Unenhanced B-
mode US is cheap, fast, widely available and
therefore commonly used for the screening of



70  Enhancing the Role of Ultrasound with Contrast Agents

focal lesions in patients with chronic liver dis-
ease or with a history of cancer. Liver metastases
display an extremely varied sonographic appear-
ance, even within the same patient, as well as
during the course of therapy [13].

The sensitivity of US is significantly affected
by the operator’s experience and available equip-
ment, poor acoustic window due patient’s body
habitus and bowel gas distention, enlargement
and inhomogeneity of the liver parenchyma due
to steatosis, fibrosis, chronic liver disease and
post-chemotherapeutic changes.

The rate of detection of hepatic metastases
with unenhanced US is lower than that of CT and
MR: reported sensivity ranges from 63% and
85%. The sensitivity of US is particularly poor
for smaller focal lesions (less than 1 cm).
Moreover, only limited characterization of focal
liver lesions is possible with baseline US [13].

Contrast-enhanced ultrasound (CEUS) has
proven to be a valuable tool to overcome the lim-
itations of conventional US and to increase the
detection of focal lesions for accurate disease
staging [1, 13].

Contrast-specific US software systems (e.g.,
Pulse Inversion, Phase Inversion, Contrast-Tuned
Imaging, Coherent Contrast Imaging, Contrast
Pulse Sequencing) recently developed by the
major US companies and all based upon the prin-
ciple of wideband harmonic sonography, display-
ing microbubble enhancement in gray scale with
optimal contrast and spatial resolution, allowed
the evaluation of the microcirculation, thus
prompting the evolution of CEUS from vascular
imaging to tissue perfusion imaging [14].

Many authors employed CEUS examination
in the late liver-specific phase 2-5 minutes after
the administration of an air-based first genera-
tion contrast agent such as Levovist. Malignant
tumors appear as hypoechoic defects in the
brightly enhanced liver parenchyma, achieving
both an increase in lesion conspicuity - particu-
larly for infracentimetric lesions - and better
characterization of lesions as malignant.
Improvement in sensitivity for the detection of
individual metastases was reported from 63-71%
to 87-91%. Still, the examination has limited
value in the deepest portions of the liver and in
patients with an unsatisfactory sonographic
window [15-18].

Second generation microbubble contrast
agents such as SonoVue (sulphur hexafluoride)
have higher harmonic emission capabilities and
prolonged longevity. Their use, coupled with
very low acoustic power (mechanical index (MI)
values 0.1-0.2) that limits microbubble destruc-
tion, allows a continuous-mode CEUS examina-
tion. Signals from stationary tissues are can-

celled and only harmonic frequencies generated
by microbubbles are visualized. This imaging
modality enables the display of both macro- and
microcirculation: the enhancement is displayed
in real-time over the arterial, early/full portal
and delayed phases. The motion or color bloom-
ing artifacts characteristic of color and power
Doppler sonography are not present. Although
SonoVue has no liver-specific accumulation, sig-
nificant enhancement persists in the liver
parenchyma 4-5 minutes after the injection [1].

In our experience, continuous-mode CEUS
can significantly improve the accuracy of US for
the detection, characterization and staging of
liver tumors, reaching very high sensitivity for
the detection of both hyper- and hypo-vascular
liver malignancies. In particular, in cancer
patients, there is an increased conspicuity of
small hypovascular metastases, with detection of
satellite and additional previously invisible
lesions, thus leading to a modification in the
therapeutic approach, with exclusion of treat-
ment in 25% of patients.

Given these capabilities of CEUS, to date in
our institution, before performing ablative ther-
apies, adequate diagnostic work-up includes lab-
oratory tests and tumor markers along with con-
ventional and contrast-enhanced US and at least
one cross-sectional imaging modality (CT
and/or MRI) are performed no more than 1 week
prior to the therapeutic session.

Targeting of Lesions and Guidance
of RF Ablation Treatment

Considerating its advantages, including nearly
universal availability, portability, ease of use and
low cost, US represents the modality of choice
for the guidance of percutaneous interventional
procedures. Quick and convenient real-time
visualization of electrode positioning is a char-
acteristic feature of sonography, whereas the
same procedure may be cumbersome in CT and
MR environments.

At our institution, pre-treatment CEUS exam-
ination is repeated as the initial step of the RF
ablation session during the induction of anes-
thesia, in order to reproduce mapping of lesions
as shown on CT/MRI examinations. Images
and/or movie clips are again digitally stored to
be compared with immediate post-ablation
study.

Continuous-mode CEUS allows real-time tar-
geting of lesions, that means precise needle
insertion performed during the specific phase of
maximum lesion conspicuity - in the arterial
phase for highly vascularized lesions such as
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hepatocellular carcinoma and hypervascular

metastases, and in the portal or equilibrium

phases for hypovascular lesions such as colorec-
tal and breast cancer metastases.

Real-time guidance of needle positioning
during CEUS does not significantly prolong the
total duration of the RF ablation session. In our
opinion, this approach is mandatory for:

+ small HCCs detected by CT/MR but not visi-
ble with unenhanced US against an inhomo-
geneous cirrhotic liver parenchyma: these
lesions may be only reached during the tran-
sient arterial phase of CEUS in which they
appear as hyperenhancing foci [19];

+ small, usually infracentimetric hypovascular
metastases, barely or not perceptible with
unenhanced US but clearly evident as focal
hypoenhancing nodules in the portal or late
phase of CEUS;

+ areas of residual untreated or locally recur-
rent tumor, both primary and metastatic:
unenhanced US almost always cannot differ-
entiate between coagulation necrosis and
viable tumor, but the difference is usually
straightforward during CEUS, in which viable
tumor displays its native, characteristic
enhancement pattern and coagulation necro-
sis is avascular.

Assessment of Treatment Results

Local treatment of neoplastic liver lesions with
the application of radiofrequency ablation
induces the formation of coagulation necrosis.
Obtaining adequate necrosis and therefore effec-
tive tumor eradication may be limited by inho-
mogeneity of heat deposition and by the cooling
effect of blood flow [20].

During the treatment, a progressively
increasing hyperechogenic ‘cloud’ corresponding
to gas microbubble formation and tissue vapor-
ization appears around the distal probe and may
persist for some minutes. B-mode sonographic
findings observed during and after RF energy
application (mostly the diameter of the hypere-
choic region) represent only a rough estimate of
the extent of induced coagulation necrosis and
therefore are not useful to reliably assess treat-
ment completeness [20, 21]. Similarly, color-flow
and power Doppler US are unreliable to evaluate
the adequacy of treatment of hepatocellular car-
cinomas treated with RF ablation. Furthermore,
additional repositioning of electrodes may be
hindered by the hyperechoic focus.

Assessment of the size of the induced coagu-
lation necrosis and therefore of the completeness
of the tumor ablation is usually accomplished for

both hepatoma and for metastatic lesions by
means of contrast-enhanced helical CT or MRI.
Being practically unfeasible when ablations are
performed in the interventional room, biphasic
CT (or less frequently dynamic MRI) are per-
formed on the first day or within one week of the
RF ablation session and compared with baseline
examinations to differentiate between treated
regions and residual viable tumor requiring
additional treatment [20]. Findings with both
modalities can predict the extent of coagulation
area to within 2-3 mm, as radiologic-pathologic
correlation demonstrated in experimental and
clinical studies [22].

Imaging features on immediate post-treat-
ment CT/MR examinations, along with patterns
of complete and partial necrosis, are discussed
elsewhere in this book.

Most reported series demonstrate a high rate
of apparently complete tumor necrosis on initial
post-ablation evaluation, but local recurrences
occur frequently and probably result from a lack
of radicality [19, 23]. The achievement of incom-
plete tumor necrosis determines the need for
additional treatment sessions with associated
patient discomfort and increased costs.

Furthermore, delayed retreatment is often
technically difficult owing to the unreliable dis-
crimination of active tumor from coagulation
necrosis with unenhanced sonography against
an inhomogeneous liver parenchyma, due to
chronic liver disease, steatosis and the presence
of previously treated areas. Effective targeting of
residual tumor foci is often impossible and
retreatment has a higher failure rate [19, 24].

Therefore, imaging strategies that enable
rapid assessment of the extent of tissue destruc-
tion induced by thermal ablation are desirable.
Since the ablative treatment leads to the disrup-
tion of tumor vascularity, the demonstration of
disappearance of any previously visualized vas-
cular enhancement inside and at the periphery
of the tumor by means of contrast-enhanced
imaging methods is the hallmark of complete
treatment of a focal liver tumor [25].

Since the introduction of first-generation ultra-
sound contrast agents, the use of microbubbles
has allowed better depiction of microcirculation
and parenchymal blood flow compared with con-
ventional color and power Doppler. Initial expe-
riences with enhanced color and power Doppler
imaging addressed the evaluation of response of
hepatocellular carcinoma to interventional treat-
ments, including RF ablation. Better differentiation
between perfused and non-perfused tissue and
accurate detection of persistent viable HCC after
ablation, compared with conventional color and
power Doppler was demonstrated [26, 27]. Simi-



72 Enhancing the Role of Ultrasound with Contrast Agents

larly, our group demonstrated that enhanced col-
or/power Doppler sonography could detect resid-
ual tumor immediately after RF ablation of liver
metastases, enabling repeated treatment sessions
in some cases [28].

More recently, CEUS has been employed to
reveal residual enhancement after ablation and
has demonstrated optimal agreement and com-
parable accuracy in respect to helical CT, adopt-
ed as the ‘gold standard’ after different treatment
modalities (percutaneous ethanol injection
(PEI), transcatheter arterial chemoembolization
(TACE), RF) for hepatocellular carcinoma [29,
30]. Meloni et al. [31] calculated an increase in
sensitivity from 9.3% with contrast-enhanced

power Doppler to 23.3% with pulse inversion
CEUS for the detection of residual HCC after RF
ablation.

In our protocol, immediate post-ablation eval-
uation using continuous-mode CEUS is per-
formed 5 to 10 minutes after the assumed comple-
tion of the RF session, with the patient still under
general anesthesia, employing a second genera-
tion contrast agent (SonoVue, Bracco, Milan, Italy)
(Figs. 1-3). Comparison of immediate post-abla-
tion images with stored pre-ablation scans is nec-
essary. As visible on contrast-enhanced CT and
MRI, a thin and uniform enhancing rim corre-
sponding to reactive hyperemia may surround the
periphery of the necrotic area.

Fig. 1a-d. An hepatocellular carcinoma of 3.2 cm in size detected with B-mode US in segment VI in a patient with HCV-related cirrhosis
(a). CEUS in arterial phase (b) shows poor and inhomogeneous enhancement of the lesion with ill-defined margins. At the end of the RF
ablation treatment with single insertion of a cool-tip electrode, the tumor appears markedly hyperechoic due to the presence of gas pro-
duced by the ablation process (c). Five minutes after withdrawing the RF electrode, CEUS was repeated (d) and an oval, non-enhancing
area, much larger than the treated HCC (meaning complete necrosis) was seen. The small hyperechoic area (formed by non-moving
echoes) visible in the anterior portion of the necrotic lesion is due to residual post-ablation gas
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Fig. 2a-e. B-mode US shows a residual untreated metastasis (1.2
¢m) in segment VIII (@) in a 53 year old patient with a history of
colorectal metastases treated with chemotherapy. The margins of
the hypovascular lesion (b) are more clearly depicted with CEUS in
portal phase. RF ablation was performed with single insertion of
cool-tip electrode. B-mode US shows a large hyperechoic area of
gas formation (c). Six minutes after the end of the RF ablation,
repeat CEUS in portal phase shows a non-enhancing area of
coagulative necrosis larger in size than the metastatic lesion (d). In
a three month follow-up study performed with CEUS, the necrotic
area showed initial shrinkage but no residual enhancement or
local recurrence (e)
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Fig. 3a-d. A 4.3 cm hepatocellular carcinoma in segment IV in HCV-related cirrhosis. Pre-treatment studies performed with B-mode US
(@) and CEUS in arterial phase (b). A few minutes after the end of RF ablation with two insertions of cool-tip electrode, two small residual
foci of enhancement (arrows) in arterial phase are shown by repeat CEUS (c). CEUS-guided re-treatment of the two foci were then perfor-
med during the same session and repeat CEUS shows complete necrosis of the tumor (d).

Residual viable tumor, usually located at the pe-
riphery of a lesion, maintains the enhancement be-
havior characteristic of native lesions as depicted
on pre-treatment studies. Partial necrosis of HCC
may be diagnosed when a portion of the original
lesion still has hypervascular enhancement in the
arterial phase. Residual untreated hypovascular
metastases sometimes appear indistinguishable
from necrosis in the portal and equilibrium phas-
es: with CEUS, evaluation of the early phase is im-
portant, since viable tumor shows weak but per-
ceptible enhancement [25].

If even questionable residual tumor foci with
enhancement or vascular supply are depicted, we
perform immediate CEUS-guided targeted

retreatment and the treatment session ends only
when complete avascularity is demonstrated
(Fig. 3¢c). In our experience this approach greatly
simplifies patient management and reduces
costs by decreasing both the number of RF pro-
cedures and follow-up examinations.

At our institution, in the study period 2000-
2002, no residual tumor was detected with CEUS
in 176/199 liver malignancies treated: of these,
CT depicted residual foci only in four cases
(specificity 97.7%) which all had very small
tumors (0.8-1.7 cm). In the remaining 23/199
tumors, single or multiple (1.0-2.2 cm) residual
viable tumor portions were visible and immedi-
ately submitted to additional RF application in



[1.4 « Guidance of Percutaneous Tumor Ablation Procedures 75

the same session until no further residual
enhancement was detectable: in only two cases a
1.2-1.9 cm residual tumor was depicted by CT.

The routine adoption of CEUS (as the only
technical improvement) achieved the final result
of a decrease of partial necrosis from 16.1% to
5.1% in 429 hepatocellular and metastatic treat-
ed lesions.

Long-term Follow-up

Contrast-enhanced helical CT and, in some
institutions, dynamic gadolinium-enhanced
MRI are the mainstay for imaging follow-up of

treated patients and the detection of local,
remote intrahepatic and extrahepatic disease
relapse [32-35]. Recently, the use of functional
imaging with FDG has proven superior to cross-
sectional studies [36].

At our institution, correlation of serum tumor
markers with biphasic helical CT obtained every
3-4 months is employed in the long-term follow-
up of patients treated for both primary and
metastatic liver malignancies. Continuous-mode
CEUS has proven to be of value to confirm or
exclude doubtful or suspicious local recurrences
or metachronous new lesions detected by cross-
sectional imaging and to assess the possibility of
their CEUS-guided retreatment.

Key Points

+ Thanks to its nearly universal availability, portability, ease of use and low cost, ultrasound
represents the modality of choice for the guidance of percutaneous interventional pro-

cedures.

+ Continuous-mode CEUS allows real-time precise targeting of lesions during the specif-
ic phase of maximum lesion conspicuity: in the arterial phase for HCCs and hypervas-
cular metastases and in the portal or equilibrium phases for hypovascular metastases.

+ CEUS performed immediately at the end of the ablative session can reveal residual in-
tralesional enhancement due to viable tumor tissue with accuracy comparable to that of
helical CT, currently considered the ‘gold standard’ imaging modality for the assessment

of tumor response to ablation.
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Introduction

The phenomenon of neoangiogenesis, defined as
the formation of new vessels from existing ves-
sels, is a key stage in the development of malig-
nant tumours. Tumours smaller than 2 mm
absorb nutrients through passive diffusion.
Above this size, the existing vascular network is
no longer sufficient and cancer cells secrete
angiogenic substances to induce the creation of
new vessels that will irrigate the tumour. The
invasive potential of a tumour is thus strongly
linked to its vascularisation [1-3].

New treatments based on antiangiogenic sub-
stances are the object of promising research for
cancer treatment and have been developed in
order to destroy new vessels. In view of the large
number of new target drugs and treatment
modalities that are under development, there is a
great need for early reliable imaging indicators
of tumour responses. Many of these develop-
ments have been linked to the evaluation of anti-
angiogenic drugs [4].

Overall survival rate is the best objective
parameter of efficacy of the treatments, but this
parameter is obtained too late, as the effect on
the tumour must be determined as soon as pos-
sible in order to institute another treatment if
necessary. Tumour response, or objective
response, is based on changes in the number and
size of measurable primary or secondary tumour
‘targets’ [5]. These parameters are obtained more
rapidly than survival data, but their reliability is
highly dependent on the quality of comparative
clinical and especially radiological measure-
ments of tumour targets. The guidelines defining
the method of measurement of solid tumours
and response criteria are no longer adapted to
technical progress in imaging. A process is cur-
rently underway to update these guidelines and a

new set of criteria has recently been proposed,

taking into account advances in imaging [7].

These criteria are still based on measurement of

the size of the target lesion. The use of this single

criterion to evaluate the response to treatment
needs to be discussed in the light of the new
technologies able to provide information on
tumour composition, metabolism or neovascu-
larisation, modifications which reflect the
response to treatment before a reduction of the

tumour volume can be detected [7].

With the recent evolution of technologies,
Doppler Ultrasonography (DUS) has been devel-
oped. DUS allows both morphological studies of
tumours and an accurate analysis of tumour vas-
cularity [8]. The use of contrast media has
strongly increased the detectability of intratu-
mour vessels. Quantification of intratumoural
vascularity allows a more objective analysis and a
better reproducibility than the qualitative evalua-
tion of the Doppler signal from tumour vessels.

These improvements in DUS accuracy are
due not only to the technological evolution of
the devices, but also to the use of ultrasound
contrast agents, with advances including:

+ the use of digital devices allowing signal pro-
cessing and improving image quality by
increasing the signal-to-noise ratio;

+ the development of high-frequency probes
clearly increasing axial and lateral resolu-
tions;

+ the use of contrast agents considerably
strengthening the Doppler signal coming
from the microvessels and improving func-
tional imaging;

+ the set up of perfusion software connected to
working stations opening the way to an
objective quantification of the Doppler signal
enhancement, allowing kinetic studies with a
collection of numerical parameters.
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Several years ago, research using animals
showed that DUS can visualise tumour angio-
genesis in vivo, by detecting tumour vessels of
100pm in diameter in real-time [9]. Since 1999,
we have carried out research in animals [10] and
humans [11] that has shown that an early
decrease or a disappearance of tumour vascular-
ity evaluated by DUS reflected the efficiency of
chemotherapy, before any decrease in tumour
volume was seen. A study concerning patients
with metastases from melanoma and receiving
an innovative treatment consisting of an isolated
limb perfusion of antiangiogenic drugs, demon-
strated that an early disappearance of lesion vas-
cularisation, detected by DUS, was predictive of
a complete response even before the modifica-
tion of the lesion’s volume. On the contrary, an
increase in tumour vascularity reflected tumour
progression [12]. The use of contrast agents opti-
mises this detection, allowing the visualisation
of vessels of 40 um in diameter [13].

Recent Doppler ultrasound techniques, espe-
cially contrast-enhanced harmonic imaging,
combined with perfusion software can be used
to study microvascularisation of superficial
tumours as well as deep ones, in order to evalu-
ate the efficacy of therapeutic novelties aiming
to block tumour angiogenesis (e.g., Thali-
domide, Neovastat, Sugen, tumour necrosis fac-
tor alpha [TNFa]) [14].

The president of the European Organisation
for Research and Treatment of Cancer (EORTC),
Alexander Eggermont [15], discussing the quest
for early predictors and surrogate markers for
response, explained that contrast-enhanced
Doppler ultrasound (CEDUS) represents a rela-
tively simple, practical and cheap procedure.
One of our studies demonstrated that a CEDUS
exam performed as early as one day after the
start-up of an isolated limb-TNF perfusion for
locally advanced sarcomas is of good predictive
accuracy [16].

Baseline Ultrasound

The role of US examination during the follow-up
of a patient treated by chemotherapy for liver
metastases is to evaluate the number of tumours,
tumour size and tumour location in the different
segments of the liver. The greatest, or three diam-
eters of tumour target, are measured using elec-
tronic calipers and the values are compared with
those of the anterior examination in order to
determine if there is an objective response, i.e., a
stable or a progressive disease. Tumour response
evaluation using sonography is not recommended
in the case of clinical trials, where CT scanning is

the gold standard. Sonography can be used only
in case of protocols using drugs of known effica-
cy. Currently, colour or power Doppler has no
recognised role in these evaluations, although
some studies have used it. These techniques are
used only to detect malignant neovasculature.
Power Doppler is generally used because the flow
direction is not important for this application.
Power Doppler US has the advantages of low
noise, relative angular independence, and
increased dynamic signal range, which make it
more sensitive and specific than conventional
colour Doppler. For each study, the US examina-
tions must be standardised in particular for the
wall filter, the colour gain, the pulse frequency
and the persistence. The focusing depth must be
of less than 12 cm. A slow movement of the trans-
ducer is important to achieve the highest sensitiv-
ity without artefact. The adjustment is different
for each type of sonograph and must be recorded
in a specific program.

Two methodologies have been applied to
evaluate anti-angiogenic treaments in liver
tumours.

The first of these methodologies involves a
visual scoring system to quantify the neovascu-
larisation that has been used and applied to liver
tumours, as well as other tumours. This method
was used to evaluate the anti-angiogenic effect of
thalidomide in hepatic metastasis from renal cell
carcinoma. The hepatic tumour target must be
scanned by continuously displacing the probe
(3.5-4.4 MHz) across successive transverse and
longitudinal sections. These sonographic scans
must be recorded on digital videotapes and
reviewed by one or two radiologists to quantify
the number of vessels. In general, the number is
computed as the mean value from the longitudi-
nal and transverse scans to an already validated
method [17]. A second methodology has been
used in a prospective study testing thalidomide
for the treatment of advanced hepatocellular
carcinoma [18]. The evaluation of angiogenesis
for follow-up imaging was carried out on only
one lesion per patient. The tumour is carefully
scanned in all directions, and the radiologist
selects and stores the image of the tumour sec-
tion with maximal colour signals for later analy-
sis. After that, the radiologist marked the con-
tour of the tumour margin with the cursor.
Quantification of the vascular colour signal in
the region of interest (ROI) is carried out by
software using the DICOM video image. The vas-
cularity index is calculated by dividing the num-
ber of coloured pixels by the number of total pix-
els in the area. This technique is similar to the
digitised analysis of microvessel density studied
by immunohistochemistry.
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Results showed that colour or power Doppler
were capable of selecting good responders earli-
er than the Response Evaluation Criteria In Solid
Tumors (RECIST) and World Health Organiza-
tion (WHO) morphological criteria. Neverthe-
less, there are several limitations, relating to:

+ the tumour patterns: the depth of the tumour,
for example (segment II), diffuse tumour
infiltration, tumours treated by transarterial
chemoembolisation.

+ the protocol: the reproductibility of the eval-
uation of neovascularisation - it is very
important for each study to impose a single
setting in order to minimise variability
between patients and examinations.

Contrast Ultrasound Features

The objective of our first study in hepatic metas-
tasis was to propose CEDUS as an early predictor
of tumour response or primary resistance to
Imatinib in GIST patients treated with Imatinib
(STI 571, Glivec, Gleevec, Novartis Pharmaceu-
ticals), according to the French BFR14 trial.

Gastrointestinal stromal tumors (GIST) arise
from the interstitial cells of Cajal of the GI tract
[19]. Both localised and advanced recurrent
GISTs are associated with a dismal prognosis
and major resistance to conventional chemothe-
rapy [20, 21].

Imatinib is a newly-developed tyrosine kina-
se inhibitor recently tested in clinical trials on
patients with unresectable GISTs [22-25].

This molecularly targeted treatment [26]
induces strong changes in the tumour structure,
such as decreased tumour vascularity, hemor-
rhage or necrosis, consistent with a therapeutic
response with or without a change in tumor vol-
ume [27]. Classic WHO or RECIST morphologi-
cal criteria based on tumour size measurements
often fail to accurately appraise tumour response
to Imatinib. Morphological and functional imag-
ing modalities such as contrast-enhanced mag-
netic resonance imaging (MRI), computed
tomography (CT) or positron emission tomogra-
phy (PET) should preferably be combined to
assess tumor response. Both morphological and
perfusion data are provided by DUS with con-
trast agent injection [28].

Thirty patients, with metastatic or recurrent
malignant GISTs were prospectively included in
this study. A total of 59 lesions were studied with
CEDUS the day before starting oral therapy. 40
were hepatic metastases and 19 were recurrent
intraperitoneal tumours. All patients were given
a single daily dose of 400 mg of Glivec orally.

A Doppler US was performed one day before

starting treatment, and at day 1, day 7, day 14, 2
months, 3 months, 6 months, 9 months, and
1 year. The mean follow-up period was 145 days
+ 23 SD. US imaging was performed by two radi-
ologists using an Aplio sonograph (Toshiba,
Japan), with a 4.4 MHz C37 convex array or a 12
MHz linear transducer equipped with Dynamic
Flow (DF) perfusion software which, thanks to
wide-band Doppler technology, provided imag-
ing of flow with excellent spatial resolution, a
rapid imaging rate and suppression of the
blooming effect. Contrary to conventional colour
Doppler based on a long emission of narrow-
bandwidth pulses, the DF uses a short emission
of broad-bandwidth pulses. In this way, the spa-
tial resolution of the detected signal is compara-
ble to B-mode imaging.

As this technique is very sensitive to small
movements, it is difficult to separate information
related to slow flow of microvascularisation and
that connected with movements of close tissues.
A specific algorithm (Doppler Signal Processing)
is used in order to answer this need. The efficacy
of this method will be particularly useful for the
study of tissue perfusion combined with use of
contrast agents. The result is a natural combina-
tion of display of tissues and flow, contributing
to the suppression of the blooming phenome-
non.

CEDUS examinations were performed in four
steps:

1. The morphological study was performed in
B-mode. It allowed identification of the target
lesion and selection of the best acoustic window
for its assessment. The largest diameter of each
lesion was measured with calipers and the
tumour volume was measured using the three
perpendicular diameters.

2. Injection of sonographic contrast agent.
Before June 2003, we used Levovist (58 exams),
administered via an intravenous bolus injection
(10 ml at a concentration of 400 mg/ml). Levovist
(SHU 508 A, Schering, Germany) is a suspension
of micrometer-sized microparticles of galactose
and microscopic gaseous bubbles combined with
a very weak concentration of palmitic acid pre-
pared by shaking 4 g of microparticles in ster-
ilised water. This yields a suspension of 10 ml at
a concentration of 400 mg/ml that must be
administered via an intravenous bolus injection.

Since June 2003, we have used Sonovue
(Bracco, Italy) administered as an intravenous
bolus injection (127 exams) (4.8 ml at a concen-
tration of 8 ul/ml). It consists of microbubbles
(from 100 to 500 million/ml with a diameter
2-8 pm) constituted of a shell of phospholipids
containing sulphur hexafluoride. One of the
characteristics of this gas is its weak solubility in
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water and therefore low diffusion in the blood.
This contrast agent has been conceived to with-
stand blood pressure in order to obtain a longer
half-life. The active part of the product is repre-
sented by the interface between the gas and the
liquid phase of the dispersion. This interface
reflects the ultrasound more strongly than blood,
thus largely enhancing the blood echogenicity.

The reconstruction system (a vial with sodi-
um chloride added) is very simple to use. The
reconstructed suspension is stable for 6 hours
and it is injected as a bolus of 4.8 ml into a
peripheral vein. Adverse effects are not serious;
they are transient and regress spontaneously.

To study the anti-angiogenic effect of treat-
ment, the totality of solution (Levovist or
Sonovue) must be injected in bolus in order to
obtain the maximal of intensity reflecting the
perfusion of tumour.

When there were multiple tumours in the

same patient, target lesions were selected so that
several lesions could be evaluated on the same
US slice. Patients whose target lesions could not
be evaluated on a single slice had a second injec-
tion with the same amount of contrast agent but
long enough after the first injection (10-15 min-
utes) to allow the effects of the first injection to
disappear.
3. Dynamic study. The use of contrast agent to
study hepatic tumours permits access to both
microvascularisation and perfusion tissue. These
functional studies could be obtained with a con-
trast agent in destructive mode or in non-
destructive mode, using the non-linear charac-
teristics of second-generation contrast agents.
The Doppler parameters remained constant
between studies of the same patient and between
examinations of different patients. First, we used
DF in destructive mode with Levovist. When
contrast agents are destroyed by ultrasound they
transmit a signal that is very energetic and ripe
with harmonics, thus the signal is detected when
the microbubbles are destroyed by a high
mechanical index (MI) (MI > 0.7) with conven-
tional ultrasonography imaging (B-mode or
colour and power Doppler). This technology in
destructive mode was initially used to evaluate
the anti-angiogenic effect of STI-571 in hepatic
metastasis of GISTs. This technology is still used
by some groups to evaluate vascularisation in
HCC [29].

We next used a non-destructive mode with
pulse subtraction, and then the Vascular
Recognition Imaging (VRI) program.

Concerning the pulse subtraction mode,
microbubbles, moving or static, are detected
from a sequence of two ultrasound emissions of
identical amplitude, but of opposite phases.

Moreover, the MI is very weak (0.1-0.2), in order
to avoid destroying the contrast agent. Once
received, the two signals of opposite signs are
added up. The fundamental component is auto-
matically eliminated. This means that the signals
sent back by the tissues are not visualised on the
screen. The non-linearity of the signal originat-
ing from the microbubbles, due to the fact that
their expansion is more important than their
compression under acoustic pressure, makes it
possible to visualise only the contrast agents.

This selective visualisation of contrast agent
enables the kinetics of the contrast uptake, the
density, and the presence or absence of
microbubbles in the analysed area to be appreci-
ated in real-time.

This mode of perfusion detection is more
sensitive than the destructive mode. The major
inconvenience is that the examination is initiat-
ed without first visualising the tumour, generat-
ing difficulties when studying the curve of con-
trast uptake over time, which permits quantifica-
tion of several criteria, in respect to the morpho-
logical patterns.

We are now using new VRI software. VRI cou-
ples harmonic imaging with pulse subtraction
and DF after injection of Sonovue. This sono-
graphic method is original because B-mode
imaging of tissue and of different coloured
microbubbles can be visualised simultaneously
but independently, thanks to ‘Advanced Dynamic
Flow’ (ADF).

Two emission processes were used at a low MI
(0.05-0.2) in order to avoid destroying contrast
agent microbubbles, and were combined as fol-
lows: (1) emission/reception with a fundamental
frequency for imaging tissue in grey-scale and
(2) an emission/reception sequence involving
the harmonic response of bubbles (ADF) for dif-
ferentiated detection of moving and static
microbubbles. This technique allows: (1) conser-
vation of anatomical marks before and during an
examination with contrast agent; (2) differential
analysis of microvessels with information on
flow direction (red/blue) and perfusion (green);
(3) individualised or simultaneous imaging
depiction of data related to tissue or microbub-
bles. The originality of this imaging method
comes from the simultaneous, but independent
visualisation of the tissue imaging in fundamen-
tal B-mode and the contrast agent imaging in
different colours.

This new and very sophisticated tool helps to
detect ultrasound contrast agents using current
applications and it will take part in widening the
spectrum in the future.

Total gain was the only parameter that the
operator could modify. This gain was regulated
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according to the depth of the target lesion. This
parameter had no impact on the data used for
quantification. The operator selected the slice
passing through the largest tumor diameter and
then the probe remained fixed in this plane for
the dynamic study of contrast uptake. After
injection of contrast agent, signal enhancement
of intratumor neovessels was evaluated visually
in real-time and the dynamic sequence was
recorded on a digital tape.

4. Doppler US images were reviewed by two radi-
ologists. The percentage of the tumour surface
taking up contrast agent was visually evaluated
based on the consensus of two readers, on the
selected single-2D image when contrast uptake
was maximal. Digitised quantification of con-
trast uptake was performed on the same selected
single-2D US scan. After selecting this image, the
lesion was outlined in order to determine a ROL.
Photoshop software was used to quantify the
percentage of pixels exhibiting signal enhance-
ment by the contrast agent, using the following
equation: contrast-enhanced pixels/total num-
ber of pixels in the ROI. At each examination,
this percentage of contrast uptake was compared
with the value observed the day before treatment
started.

In all cases, Doppler US examinations were
technically feasible without any complications.

A total of 185 CEDUS examinations were per-
formed. Initial tumour contrast uptake evaluated
with CEDUS before treatment was predictive of
the future response: 71% (mean percentage of
contrast uptake) in tumours in the group of
good responders versus 41% (mean percentage
of contrast uptake) in the group of poor/non-
responders. Abundantly vascularised tumors
(> 70%) had a better response to Imatinib than
poorly vascularised tumours. A strong correla-
tion (p < 10) was found between the decrease in
tumour contrast uptake at day 7, day 14 and 2
months after the beginning of treatment, and
tumour response (Figs. 1-3). At day 14, the mean
percentage of tumour contrast uptake decreased
from 71% to 31% in tumors with a good
response. This mean percentage remained at
43% in lesions exhibiting a poor response at 2
months.

In this study, CEDUS allowed early and accu-
rate evaluation of the efficacy of Glivec.
Decreased contrast uptake, assessed by CEDUS 7
and 14 days after the beginning of treatment was
correlated with a good response at 2 months. The
objectives of our ongoing studies are to correlate
the percentage of the early decrease in contrast
uptake on CEDUS with progression-free survival
and to determine whether a further rise in con-
trast uptake after an initial response is predictive

of future resistance to Glivec. Currently, we are
extending this study to evaluate the detection of
active residual GIST cells in selected necrotic
masses. Biopsies of tissue exhibiting new neovas-
cularisation could be performed to characterise
secondary resistance to Glivec in order to pro-
pose other treatment options (such as surgical
resection, radio-frequency ablation or different
drugs) to refractory patients [30].

In another study, we evaluated Dynamic
Contrast-Enhanced Doppler Ultrasound (DCE-
US) with perfusion software (VRI) and contrast
agent injection as a predictor of tumour
response, progression-free survival (PFS) and
overall survival (OS) in thirty patients with a
metastatic renal cell carcinoma (RCC) who were
already enrolled in a double-blind randomised
study [31].

Patients were given an anti-angiogenic treat-
ment (BAY-9006). Sorafenib is an efficient anti-
tumour treatment that has demonstrated signif-
icant inhibition of neovascularisation in
xenograft models of human cancers [32, 33].
Several authors have demonstrated the efficacy
of this new drug in refractory solid tumours in
phase I and II studies [34].

Since 2004, several teams have proposed
novel trial designs and endpoints to evaluate
new agents in RCC. For example, Rini et al. [35]
proposed time to progression as a novel end-
point. In our study, 10 patients had liver metas-
tases. Examinations were performed at baseline,
and after 3 and 6 weeks on sorafenib or a place-
bo, in patients with tumour targets that were
accessible to DCE-US.

A total of 85 DCE-US examinations were per-
formed. The dynamic study was performed after
injection of 4.8 ml of Sonovue at a concentration
of 8 ul/ml (intravenous bolus injection). Signal
enhancement of intratumour neovessels was
evaluated visually in real-time and the dynamic
sequence was recorded on a digital tape. We
chose one to two lesions per patient. Qualitative
and quantitative evaluations were performed:

Qualitative analysis: the percentage of con-
trast uptake throughout the lesion was evaluated
by the radiologist conducting the examination
and validated by two radiologists.

Quantitative analysis: quantification of mean
contrast uptake by digital analysis of images was
performed in the following manner: (1) the
tumour was outlined using Adobe Photoshop,
which automatically discriminates colours, dis-
tinguishing two zones in two different tonalities;
(2) the image was analysed with the Matrox
Inspector software, which quantifies image pix-
els, allowing discrimination of the tonalities and
evaluation of the percentage of perfused tissue.
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Fig. 1a-i. A hepatic metastasis (segment VI-VII) from a GIST in a 69 year old man. a US imaging at day -1 shows that the tumor meas-
ured 53 x 51 x 49 mm. b DUPSCA at day -1 shows parenchymal vascularisation with contrast uptake throughout the tumour estimated at
80%, with contrast uptake quantified by Photoshop. ¢ At day 1 the percentage of contrast uptake is about 30%, with contrast uptake
quantified by Photoshop. d At 2 months the percentage of contrast uptake is 0%, with contrast uptake quantified by Photoshop. e At 12
months the percentage s still 0% at DUPSCA. f At 15 months DUPSCA shows an initial tumour recurrence. g At 18 months DUPSCA shows
an increase of contrast uptake of about 80% without size modification. h At 24 months, DUPSCA shows a contrast uptake of 100%, with
a strong tumoral progression. i At 27 months DUPSCA shows 10% contrast uptake after modification of therapy
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Fig. 2a, b. Hepatic metastasis from a GIST in a 39 year old woman. Doppler US imaging using ‘Contrast Tissue Discriminator’ and
Sonovue injection. a The day before treatment, contrast uptake is estimated at more than 90% throughout the tumour. b At day 14, there
is no tumour contrast uptake, indicating treatment efficiency
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Fig. 3a-e. Hepatic metastasis from a GIST in a 72 year old
woman. a The day before treatment, Doppler US imaging using a
contrast tissue discriminator and Sonovue injection shows that
contrast uptake is about 90% throughout the two metastases. b At
day 7, there is a major decrease in tumour contrast uptake, partic-
ularly in the anterior lesion. ¢ At day 7, Doppler US imaging using
Vascular Recognition Imaging confirms the decrease in tumour
contrast uptake. On the images, the intraparenchymal immobile
microbubbles are shown in green and the intravascular mobile
microbubbles are shown in red and blue. d At day 14, Doppler US
imaging using Vascular Recognition Imaging confirms the
decrease in tumour contrast uptake. e At 6 months, Doppler US
imaging using Vascular Recognition Imaging confirms the total
tumour necrosis without contrast uptake

The combination of a decrease in contrast
uptake exceeding 10%, and stability or a
decrease in tumour volume allowed us to dis-
criminate seven good responders and 20 poor
responders at 3 weeks (Fig. 4). There was a statis-
tically significant difference in PFS (p = 0.002)
and OS (p = 0.01) between good and poor
responders. In ten patients treated with
sorafenib, DCE-US also appears to predict PFS.

Role of Contrast Ultrasound in
Clinical Practice

Despite significant advances in medical imaging
in the recent past, quantification parameters need
to be developed to objectively assess the efficacy
of these new treatments. Anti-angiogenic treat-
ments target tumour vessels and rapidly induce
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Fig. 4a, b. DCE-US before (a) and 3 weeks after (b) treatment by BAY-9006 (phase Ill) in a poor responder with a liver metastasis from

an RCC

functional changes, such as a decrease in tumour
perfusion or a decrease in blood flow before the
tumour volume even decreases. At the time,
oncologists add functional imaging as DCE-MRI,
CT-scan or CT-Pet in phase I, IT or III trials, using
anti-angiogenic treatments. Currently, DCE-US is
used in several trials at our institution with differ-

Fig. 5a-c. Hepatic metastasis from liver metastasis from an RCC
in a 62 year old woman. DCE-US before (a) and after 2 (b) and 4
weeks (c) of treatment with BAY-9006 with interferon (trial phase
) in a good responder with a liver metastasis from an RCC. The
contrast uptake was estimated at 80, 60 and 40% respectively

ent therapeutics such as Avastin in chronic hepa-
titis C (CHC), Bay-9006 and interferon in RCC
(Fig. 5), Bay-9006 DTIC in melanoma, AVE 8062 in
phase I or AB1010 in GIST. All these functional
changes should be quantified as early as possible
with quantitative parameters obtained using a
non-invasive method.
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Concerning the methodological aspect of the
number of targets evaluated, Mazumdar et al.
[36] used a mathematical model, showing that it
is preferable to choose fewer targets, as this low-
ers the risk of errors. Thus, in our studies only
one or two targets were selected to perform this
quantification.

New ultrasonic detection modes and new
modeling methods are appearing for the quan-
tification and evaluation of microvascularisation
and perfusion. These new modes are using latest
generation contrast agents as perfusion tracers,
which backscatter an ultrasonic signal when
they are subjected to an acoustic pressure field.
The signal is recorded in real-time, then trans-
ferred to a software program that computes the
contrast kinetics in the area of interest, i.e., the
tumour for the field of cancer research.
Quantitative parameters, in other words, param-
eters that take into account all injection parame-
ters (e.g., injected volume, length and dynamics
of the injection), can then be extracted from the
kinetic data as research has shown that such data
can be linked to hemodynamic parameters.

To date, clinical examinations use only semi-
quantitative parameters (e.g., maximum enhance-
ment, time at which the maximal enhancement
occurs, area under the curve, and mean transit
time [MTT]) obtained from the kinetics of the
onset of contrast.

In order to perform this quantification in our
on-going studies, linear computations are need-
ed and we work from raw data. The raw data are
obtained by the equipment just before the com-
pression to the DICOM display. We carry out an
acquisition over at least 3 minutes, and store the
data on a workstation. The specific software
(CHI-Q, Toshiba) is able to track the lesion to
overcome the problem of patient movement.
Criteria such as maximum enhancement, time of
obtaining maximal enhancement, the area under
the curve, and MTT, are computed from the lin-
ear raw data in the workstation. Contrast uptake
kinetic curves modeling is then carried out.

Data are analysed on a personal computer
using Excel 9.0 software (Microsoft Corporation,
USA) with the Solver algorithm (Microsoft
Corporation, USA), which minimises the sum of
the squared deviations between the model and
the experimental data. The contrast uptake curves
are modeled off-line by two equations: a sigmoid
equation is first used between the start of contrast
uptake (Vo) until the maximum (Vmax) so-called
‘wash-in’ phase.

Vmax - VO

Vi=Vot+ ————
1+ {7

Where Vg is the initial value, Vax is the maximal
value recorded , Tc is the half-rise time and p is
correlated to the contrast uptake speed.

A second equation is used after this maxi-
mum contrast uptake and corresponds to a sim-
ple hyperbole during the ‘wash-out’ phase.

Both equations are preferred to commercial
ones, which give only moderate approximations
of perfusion curves.

To avoid calculation errors due to bolus injec-
tion time variations, each time parameter was
normalised according to the latency time (TL),
below which no contrast is taken up.

Two parameters were used to quantify the
perfusion during the wash-in phase: the peak
intensity (PI), defined as the difference between
Vmax and Vo; and the time-to-peak intensity
(Tp1), defined as the difference between Tax and
Tr. PI and Tpr were calculated from linear values.
The MTT is taken into account to quantify the
contrast uptake during the wash-out phase, this
corresponds to the duration during which the
uptake is superior to Vmax/2.

The design of DCE-US programs is adapted ac-
cording to the specific action of molecules. In gen-
eral, a baseline is always performed one day before
treatment, early evaluations are carried out be-
tween the first and seventh day after the beginning
of treatment and we always perform a DCE-US at
the same time as the standard morphological im-
aging generally performed after two months.

Conclusion

Many new functional imaging techniques, with
their strengths, weaknesses and costs, are
expected to reach the clinic for early assessment
of tumour response to new drugs in develop-
ment. These allow an evaluation of the efficacy of
innovative treatments in oncology, such as the
anti-angiogenic and anti-vascular treatments
that are in full expansion and are aimed at the
destruction of tumour vascularisation.

In ultrasonography, the combination of per-
fusion software and contrast agents gives rise to
a functional imaging method. The access to raw
data and the development of software using the
tracking of lesions permits a more precise and
objective quantification of treatment efficiency
to be performed.
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Key Points

+ The early and functional evaluation of new treatments in oncology is a main goal. At pres-
ent, technical advances in Doppler ultrasonography allow the detection of neovascular-
isation for superficial and deep malignant tumours in order to evaluate the efficiency of
new treatments such as anti-angiogenic molecules.

+ Contrast agent injection improves the efficiency of this technique and developments in
perfusion software optimise this detection. Slow flows in tumour microvessels can be de-

tected.

+ Treatment response can be predicted early, based on changes in vascularisation before

volume modification.
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Quantification of Microbubble Enhancement

in Liver Imaging

Martin Krix and Stefan Delorme

Introduction

With contrast-enhanced ultrasound (CEUS), the
perfusion of an examined region can be entirely
detected, i.e. the blood flow per tissue unit,
including the capillary blood flow. Since US
interacts with the microbubbles directly, the
bubbles are detected regardless of their motion.
Theoretically, CEUS techniques are ultimately
sensitive, able to detect each microbubble indi-
vidually. Furthermore, perfusion can be visual-
ized in real-time, using low-mechanical index
(MI) US techniques.

Unlike other contrast agents used in radiolo-
gy, US contrast agents are confined to the
intravascular space. Thus, complex and some-
times inaccurate pharmacokinetic models to
describe the contrast agent distribution in tissue
are not necessary in order to quantify perfusion
using CEUS.

In summary, CEUS is a promising and com-
petitive tool for the detection of tissue perfusion.
In the following text, CEUS methods and tech-
niques are explained. These techniques are used
to quantify microbubble enhancement, particu-
larly in the liver.

Contrast US Features of
Quantitative Methods

Technical Requirements

To quantitatively describe CEUS examinations,
the wash-in and wash-out of the contrast agent is
followed in a dynamic fashion. Therefore, meas-
ures must be taken to ensure that the examined
region does not move during the examination,
otherwise any plot of contrast over time would
not make sense. Usually, the transducer is kept in

approximately in the same position and, if neces-
sary, the patient is instructed to stop breathing
or to breathe superficially. Furthermore, video
sequences (either analogue or digital) of the
dynamic process have to be recorded, and digital
post-processing is required. Automatic software
tools are commercially available and are recom-
mended, since they permit the rapid and easy
analysis of the obtained image series.

Low-MI US techniques allow the detection of
microvascularity in real-time with a high spatial
resolution. These techniques require the use of a
second-generation US contrast agent. SonoVue
(Bracco, Italy), which has microbubbles stabilized
by phospholipids, contains sulphur hexafluoride
and is an example of an US contrast agent which
is optimised for low-MI imaging, and approved
for liver examinations. Furthermore, US devices
should operate a contrast-specific pulse- or
phase-inversion technique. Novel contrast-specif-
ic US techniques (CPS, Siemens-Acuson; VRI,
Toshiba) are preferable, since they allow for the
additional separation of the contrast-enhanced
signal from the background.

Perfusion Curves

Perfusion curves describe the US signal intensi-
ty over time after a contrast bolus injection in a
region of interest. Several rather descriptive
parameters are used to characterize such curves,
like the maximum enhancement after contrast
bolus injection, the time to peak enhancement,
the slope to maximum, or the area under the
entire perfusion curve (Fig. 1). These parameters
are quantifiable and relatively easy to obtain, but
they do not directly characterize perfusion itself,
or, for example, local blood volume. They may
nevertheless be considered as indirect perfusion
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Fig. 1a, b. Perfusion curves: ultra-
sound signal intensity over time after
bolus injection. a Arterially-perfused
tissue shows typical behaviour, with an
early increase to maximum followed by
an exponential-like decrease. b In liver
tissue the additional portal-venous sup-
ply causes a slow increase to a plateau
at late phase. Several indirect perfusion
parameters can be derived from the
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maximum; tariva=time of contrast ar-
rival; a.u.=arbitrary units

markers, and have been used in clinical exami-
nation of the brain, kidney or prostate using con-
trast-enhanced ultrasound [1-3].

Particular Aspects in the Liver

Perfusion curves can be derived using a normal
injection protocol of the US contrast agent (e.g.,
bolus injection of 2.4 ml SonoVue). In tissues
that are predominantly arterially supplied (as
are most organs or malignant tumors), the per-
fusion curve has a typical shape with a rapid
increase of contrast-enhancement and an expo-
nential-like decrease after reaching a maximum
(Fig. 1a). Liver metastases show similar dynam-
ics, and perfusion curves derived from contrast-
enhanced liver examinations show that CEUS is
much better able to reflect the arterial perfusion
of liver metastases than contrast-enhanced com-
puted tomography [4]. Fortunately, the dynam-
ics of contrast-enhancement in benign liver
lesions are considerably different, helping to bet-
ter characterization liver lesions.

The perfusion curves in healthy liver tissue
differ completely to those in other organs, due to
the portal-venous blood supply. The enhance-
ment shows a slow increase, which reaches a
plateau at the portal-venous phase, followed by a
very slow decrease (Fig. 1b). For a comprehen-
sive analysis of the complex blood supply of the
liver, a separation between the arterial and por-
tal-venous flow is required. This, however, is not
possible using simple perfusion curves.

Classic Tracer Kinetics Modelling

Mathematical models are widely used and allow
the calculation of perfusion by analyzing the con-
trast signal intensity in the examined region of in-
terest (ROI) and comparing it with the input func-
tion derived from the arterial enhancement in the
feeding vessels [5]. Such methods work very well in
anatomical regions, where an input function can be
derived (e.g., brain perfusion using dynamic MRI).
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US has the disadvantage that it is in principle
a two-dimensional examination method. Thus, it
is difficult to perform an extraction of an input
function and a measurement of the tissue
enhancement simultaneously.

Particular Aspects in the Liver

It is even more difficult to obtain an input func-
tion in the liver due to the liver’s double blood
supply. Nevertheless, methods to modulate the
arterial input of contrast agent and thereby dif-
ferentiating the hepatic flow have been pro-
posed. A possible approach is to suddenly inter-
rupt the contrast agent flow (negative bolus) by
destroying the microbubbles in the feeding ves-
sels with additional high-energy US pulses for a
certain time during a continuous infusion [6].
The intention of these studies was to assist in the
diagnosis of metastatic liver disease and cirrho-
sis, where changes in the liver transit time of the
blood supply have been reported.

Replenishment Kinetics

Replenishment kinetics uses the potential of US
to destroy contrast agents if the output power is
high enough. After such destructive US pulses
(using a high-MI US ‘flash’), it can be assumed
that the examined slice is void of microbubbles,
and that these will again progress into the slice
from the outside, where they are still present.
The analysis of such replenishment kinetics (US

signal intensity over time after destruction) can
provide several direct perfusion parameters. It
has been shown that the initial increase of the
refilling curve indicates the mean blood flow
velocity (~m/s) in the ROI, and the plateau of
signal intensity that will be reached after the
complete replenishment is a parameter propor-
tional to the local blood volume (~ml).
According to a model of Wei, a parameter pro-
portional to the perfusion (I/s'mg) can then be
calculated via the product of blood velocity and
blood volume [7]. This method has been used
successfully and accurately for the measurement
of tissue perfusion in several organs. An impor-
tant application is the assessment of myocardial
microcirculation in echocardiography [8].

The established model of Wei assumes a con-
stant velocity of refilling and neglects the fact
that contrast agent will re-enter the slice through
vessels of varying callipers and directions
(Fig. 2a). His model was chosen for mainly prac-
tical reasons, essentially because of its simplicity,
but is far from being a consistent description of
the refilling process (Fig. 2b, d). Therefore, other
models have been proposed that attempt a more
valid analysis of replenishment kinetics [9, 10].
One example is a multivessel model (Fig. 2c,e),
which was previously developed to calculate
tumor perfusion [11]. In addition, this multives-
sel model can be used together with a single
bolus injection instead of the usually required
continuous infusion of contrast agent used when
analyzing replenishment kinetics.
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Particular Aspects in the Liver

Quantification of tissue perfusion using CEUS of
the liver is a challenge. One difficulty is that the
arterial and the portal-venous blood supply need
to be assessed separately. This is hardly possible
whenever replenishment kinetics are obtained
during a continuous infusion of contrast agent.
Furthermore, the contrast agent might pool in
the liver parenchyma, which biases perfusion
measurements. One possible method to separate
the arterial and the portal-venous phase of liver
perfusion and to minimize pooling effects is to
use a bolus injection. It has been shown, using a
modified multivessel model (Fig. 3), that quan-
tification of liver perfusion is possible with
replenishment kinetics after a single bolus injec-
tion of US contrast agent [12] (Fig. 4). For this,
the additional time dependence of the systemic
contrast agent concentration after bolus injec-
tion has to be taken into account by measuring
the perfusion curve before and after the refilling,
and interpolating the contrast agent concentra-
tion, which would be expected during the replen-
ishment. Using repetitive destructive pulses, the

arterial and portal-venous perfusion of the nor-
mal liver can be assessed separately and com-
pared with that of liver lesions. However, since
different normalization parameters have to be
used, a direct comparison of the blood volumes
calculated for the arterial and portal-venous
phase is not possible using this method (Fig. 3).

Transit Time Measurement

Besides perfusion imaging, which allows a direct as-
sessment of the liver tissue, analysis of the flow dy-
namics measured in the larger hepatic vessels is
an alternative approach in functional liver imaging.
The hepatic transit time can be measured with
CEUS of the liver, if the difference between the con-
trast agent dynamics of the arterial and the hepat-
ic venous system is analyzed. Some approaches
have used more global transit times, which are eas-
ier to calculate, such as the contrast arrival time in
the hepatic veins after bolus injection. It has been
shown that this CEUS method provides important
information about the hemodynamic changes in

Influencing variables
Flash/low-MI imaging
-> initial phase of replenishment:
A, =0fort<t, T,time after replenishment

Multivessel model

A, =A,[2/(3d))v,

mean—

Ay = Agll-Zig (d*-d,d)/(v, O] forT< T,

Vineans

Contrast bolus injection

expected during the replenishment.

Arterial and portal-venous blood supply

Quantification of liver perfusion using flash/low-MI imaging after contrast bolus injection

Bubbles outside the region where replenishment is detected (low-MI technique), can also be destroyed due to tissue movement and
due to the different beam widths of the low-MI and flash-imaging.

subsequently, a more complex replenishment behaviour follows

Takes into account the fact that the contrast agent will re-enter the slice through vessels of varying callipers and directions.
->two other different phases of replenishment have to be considered:

-d,/d,] for T <t <7 ,, d,<d, (beam widths, see figure 2)

The gradient of a linear approximation results in the mean blood velocity v, ...

The maximum plateau A, is a parameter proportional to the blood volume.
mean blood flowvelocity; g,, weighting factor of each blood flowvelocity v, inside the region of interest.

The additional time dependence of the systemic contrast agent concentration after bolus injection has to be taken into account by
measuring the perfusion curve before and after the refilling, and interpolating the contrast agent concentration, which would be

Normalized values have to be used for the blood volume, which are different for the arterial and portal-venous phase. Therefore, a
direct intra-individual comparison of arterial and venous blood volume parameters is not possible.

The destructive pulses (flash) have to be used repeatedly. To obtain normalized values at the arterial phase, the arterial perfusion
curve without using a flash has to be measured additionally (second bolus injection).

Fig. 3. Overview of the influencing variables in the quantification of liver perfusion using replenishment kinetics. The clinically verified,
more complex replenishment kinetics using flash/low-MI imaging requires a different mathematical model. Furthermore, the additional-
ly time dependence of the microbubble concentration has to be taken into account when using a bolus injection of microbubbles, in order

to separate the arterial from the portal-venous blood supply
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Fig. 4a-d. Contrast-enhanced US after injection of 2.4 ml SonoVue in low-Mlimaging (a: 29 s after bolus injection). Microbubble replen-
ishment can be visualized in real-time in normal liver tissue and liver metastases (arrow) using ‘flash’/low-Mlimaging. b-d 15,25s,and 7 s
after microbubble destruction (late arterial phase) (reprint with permission [12a]

liver cirrhoses [13], and can predict disease sever-
ity non-invasively in patients with hepatitis [14].
Furthermore, it has been proposed as an indicator
of hepatic spread in the liver in oncological pa-
tients, since a significant reduction of the hepatic
transit time has been described in patients with
hepatic metastases, compared to controls [14, 15].
Recently, hepatic transit time has been used as an
indicator of the therapeutic response to radio-fre-
quency ablation of liver tumors [17].

Limitations

An important precondition to quantify perfu-
sion with CEUS is that the signal intensity of the
chosen US parameter has to correlate with the
concentration of the US contrast agent. High-fre-

quency, raw data of the CEUS examinations are
considered as gold standard. However, these data
are commonly not available on most US devices.
Therefore, the video signals of the US device are
often used. Here, low-MI US often delivers grey-
scale equivalent values. However, these US sig-
nals have limitations, since the background sig-
nal from the non-enhanced tissue is relatively
large and the US signals may not be linearly
associated with the local concentration of the US
contrast agent. More contrast-specific US tech-
niques (such as CPS from Siemens-Acuson) may
have advantages, since they permit the separate
assessment of the background tissue and the
contrast-enhanced signal. Furthermore, using
these techniques in very low-MI imaging (<0.2
MI) may reduce possible microbubble destruc-
tion caused by the low-MI pulses and thus can
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further improve quantification of microvascu-
larity.

General US limitations, such as the influence
of depth or focus adjustment are self-explanato-
ry, but may limit the general acceptance of CEUS
in functional imaging compared to other non-
invasive radiological modalities, in particular
compared to MRI. In the liver, an US examina-
tion of the organ’s whole circumference can be
difficult to achieve, which may limit the use of
CEUS in the assessment of liver perfusion.

A comprehensive analysis of liver perfusion
using replenishment kinetics is still complex and
time-consuming. Those applications will be re-
served to dedicated study protocols in the near fu-
ture. On the other hand, software-based analyses
of any US signal intensity time curves are easy and
fast to perform, and have the power to become a
clinical tool also in liver examinations.

Role of Quantitative Perfusion
Imaging using Contrast US in
Clinical Practice

Perfusion is a recognized parameter of tissue vi-
ability and functionality. Its measurement can be
useful in the detection and characterization of
various pathological changes such as ischemia,
inflammation, or neoplasia. Thus, perfusion imag-

ing is an important part of the growing field of
functional imaging, which may become indispen-
sable for the characterization of many diseases.

Quantification is a prerequisite for many
applications in functional imaging, in particular
in perfusion imaging. Important indications are
the evaluation of tumor or organ perfusion (e.g.,
brain, heart, or kidney), particularly during fol-
low-up or therapy monitoring. For such exami-
nations, valid and reproducible quantitative
tools are required.

Particular Aspects in the Liver

CEUS is a sensitive and reliable method, particu-
larly for examining the liver. Quantification of
perfusion in the liver is of particular interest
when examining the liver tissue itself (e.g., after
transplantation) or malignant hepatic lesions
(e.g., for differential diagnosis or monitoring).
Since US is more advantageous for the examina-
tion of focal lesions, CEUS perfusion imaging
can be useful particularly in follow-up examina-
tions of liver lesions. Promising applications are
the monitoring of local ablative therapies (e.g.,
radio-frequency ablation or radiation therapy
[18]) or systemic treatment, especially if it has
perfusion-related effects (e.g., anti-angiogenic
drugs). Both aspects may be increasingly needed
in the near future.

Key Points

diagnosis of liver disease.

+ CEUS is a promising method for the sensitive detection of microvascularization in real-
time, and the accurate quantification of tissue perfusion.

+ In the near future, novel treatment strategies - like local ablative therapy of liver lesions
or systemic antiangiogenic treatment - will increasingly require dedicated tools such as
quantitative CEUS for perfusion monitoring.

+ Analysis of the contrast agent dynamics after bolus injection in the ROI (perfusion
curve) provides several indirect vascularization parameters. A direct quantification of

perfusion is possible using the replenishment kinetics of the microbubbles.

+ Additionally, measurement of the hepatic transit time might be a valuable tool for the
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Intra-Operative Contrast Ultrasound

in Liver Surgery

Edward Leen, Susan Moug and Paul G.Horgan

Introduction

Intra-operative ultrasound (IOUS) is the gold
standard for the detection of liver tumours, and
dictates the surgical management of patients
undergoing liver resection. The appropriate use
of contrast agents will improve the performance
of any imaging modality. The value of contrast
agents in computed tomography (CT) and mag-
netic resonance (MR) for the detection of liver
metastases is predictably unquestioned in cur-
rent practice, such that it would even be consid-
ered unethical if they were not routinely applied.
However, the application of contrast agents to
percutaneous ultrasound (US) in general is rela-
tively new and is now gradually gaining support
in routine clinical practice. Its extension to IOUS
is a natural pathway to improving the detection
and characterisation of liver tumours, which
may further impact on surgical decision making.

Background

Hepatocellular carcinomas (HCC) and colorec-
tal cancer liver metastases (CLM) are the two
most common malignancies of the liver, associ-
ated with a dismal outcome of zero survival at
five years if left untreated. The worldwide inci-
dence of hepatocellular carcinoma is increasing,
most noticeably in North America and Europe,
as a result of increasing numbers of patients
with hepatitis C and chronic liver disease. In the
western world, colorectal cancer accounts for
14% and 16% of cancer deaths in men and
women, respectively, with approximately 25% of
patients having liver involvement at the time of
initial presentation and up to 50% developing
hepatic metastases during the course of their
disease [1,2].

Patients with early stage HCC should be
offered the surgical therapeutic options of trans-
plantation or resection [3]. Transplantation
offers a four-year overall survival rate of 75%
and a four-year recurrence-free survival rate of
83%. However, few can benefit from transplanta-
tion given the shortage of living donors and the
eligibility of patients according to the ‘Milan cri-
teria’ for transplantation (i.e, decompensated cir-
rhosis, solitary tumour smaller than 5 cm and up
to three lesions smaller than 3cm) [4]. Liver
resection still offers a potential for cure for those
patients with a solitary lesion and relatively well
preserved liver function.

For patients with colorectal hepatic metas-
tases, surgical resection is the treatment of
choice, with 10-20% of patients being candidates
for potentially curative resection. Resection
should be considered if there is no unresectable
extrahepatic disease, if all liver deposits can be
resected with a free clearance margin of 1 cm
and if there is adequate liver reserve. The five-
year survival rates vary from 25-40% [5-6]. 75%
of those who undergo liver resection will devel-
op recurrence and of these, the liver is involved
in 50%. 64-85% of all recurrences appear within
the first two years [5]. Repeat liver resection in
these patients still has a five-year survival of 30-
40% with comparable post-operative mortality
or morbidity to that of single hepatectomy [7-8].
Results of growth rate studies of hepatic metas-
tases support the hypothesis that these metas-
tases were present at the time of liver resection
but remained ‘occult’, i.e., undetected by IOUS,
CT and/or MRI scans [9].

Traditionally, contrast-enhanced CT and MR
imaging have been used to stage colorectal
hepatic metastatic disease. IOUS has been shown
to yield significant new information not identi-
fied on pre-operative imaging, which determines
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resectability and/or changes the operative plan
in up to 50% of patients; it is considered the gold
standard and is thereby achieving universal
usage [10-13]. However, of those patients who
develop recurrence following apparently cura-
tive liver resection, the 50% hepatic recurrence
rate underlines the limitation of IOUS itself;
clearly small lesions are easily missed if they
have acoustic characteristics similar to those of
the adjacent hepatic parenchyma. It is recog-
nised that patient outcome is highly dependent
upon the ability to define the true extent of the
metastatic disease; therefore the need for a more
accurate imaging technique cannot be over-
emphasised, as it would enable more precise as
well as more aggressive treatment of the liver
metastases using adjunctive therapies.

More recently, there has been increasing
interest in the use of contrast agents during
extra-corporeal sonography of the liver to
improve the detection of liver metastases. US
contrast agents consist of microbubbles of air or
gases of low solubility, stabilised by a lipid, sur-
factant or polymer shell. Analogous to CT or MR,
it is the relative distribution of the contrast
agents between normal tissue and the lesion that
makes the lesion more visible and easier to char-
acterise [14, 15]. IOUS with an echo-enhancer
was first used in 1990 by a group of Japanese
workers evaluating the effectiveness of carbon
dioxide as a contrast agent in the detection of
small HCCs using fundamental imaging mode
[16]. In their preliminary report they showed
that contrast-enhanced IOUS (CE-IOUS) detect-
ed additional lesions in two of nine patients
whose lesions had not been identified on IOUS.
The difficulty in using carbon dioxide, which is
an unstable echo-enhancer with poor repro-
ducibility is well known, it also had to be inject-
ed directly into the hepatic artery or the portal
vein and is associated with significant artifacts.
Recent advances in harmonic imaging combined
with the development of contrast agents with
liver specificity have markedly improved the
sensitivity of extra-corporeal sonography for the
detection of small metastases, which may be
equal to or even superior to that of CT or MR in
some cases [17]. The question is whether the use
of contrast agents in combination with IOUS
using non-linear harmonic imaging modes
improves the detection of occult liver metas-
tases, or has any impact on the surgical manage-
ment of patients undergoing liver resection.

Contrast-enhanced Intra-Operative
US Technique

There are specific US equipment requirements
that enable contrast-enhanced US imaging. Non-
linear harmonic imaging software capability is a
prerequisite. At present there is only one equip-
ment manufacturer (Philips, USA) that produces
a dedicated high frequency finger probe (CT8-4)
with pulse inversion harmonic (PIH) imaging
capability designed specifically for liver imag-
ing. The advantage of this curvilinear probe is
that it has good penetration, wide field of view
and enables scanning from the posterior aspect
of the liver as well as over the dome of the right
lobe. Nonetheless, the use of a percutaneous low
frequency end-fire probe, combined with the use
of percutaneous high frequency end-fire probes
with non-linear imaging mode capability may be
adequate to examine the whole liver, albeit with
limitations.

At operation, all patients undergo thorough
abdominal and pelvic exploration for extra-
hepatic disease, and the liver is subsequently
mobilised off the diaphragm for improved sono-
graphic visualisation of the liver. Bimanual pal-
pation of the liver is then carried out followed by
hepatic sonography using a high-frequency fin-
ger probe designed for liver scanning. The IOUS
and CE-IOUS scans are performed co-operative-
ly by an experienced surgeon and radiologist.
Sonography is performed in a systematic fash-
ion, inspecting the liver parenchyma for previ-
ously diagnosed as well as additional lesions and
for any major vascular or biliary involvement.

Following the baseline fundamental (+ colour
Doppler mode) and PIH mode scans, a bolus
intravenous injection of 3-4 mL of contrast
agent, SonoVue (Sulphur hexafluoride gas sta-
bilised by phospholipid-shell) (Bracco, Italy) is
administered via the central venous line, fol-
lowed by a 10 ml of normal saline flush, and
repeat US scanning is performed in the PIH
mode. SonoVue is a new second-generation
microbubble contrast agent (mean size: 2.5
micron; 90% measuring less than 8 micron in
diameter). The US gain, focal zone and output
power (Mechanical index [MI]: 0.02-0.04) set-
tings are standardised. Scanning of both lobes of
the liver before and after contrast administration
is performed in a standardised fashion in axial,
sagittal and oblique sweeps to ascertain com-
plete liver coverage. Following contrast adminis-
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tration, the normal liver enhances uniformly and
the hepatic malignancies are easily identified,
appearing as dark, contrast free, filling defects
during the portal venous and delayed sinusoidal
phases (Figs, 1, 2). The persistent enhancement
of the normal liver parenchyma in the late sinu-
soidal phase lasts for up to three minutes.

Fig 1. Baseline scan on fundamental mode showing sub-centimeter
metastasis with surrounding halo

Fig. 2. Post-contrast scan on non-linear imaging mode showing
improved delineation and contrast between the metastasis and nor-
mal liver in the late phase

Characterisation of Focal Liver
Lesions with CE-IOUS

There is some speculation as to the mechanism
underlying the prolonged enhancement of the
liver parenchyma in the late phase; there is no
evidence of phagocytosis of SonoVue by the
reticuloendothelial cells, unlike agents such as
Levovist (Schering, Germany) or Sonazoid (GE,
Norway). The persistence of the agent within the
normal liver may be due to the very slow flow
within the sinusoids. Indeed, there is some
experimental evidence in rats that microbubble
agents containing perfluorocarbon gas enhance
the normal liver by virtue of the slow flow with-
in the sinusoids [18]. Malignant lesions, such as
metastases and hepatocellular carcinomas, are
devoid of sinusoids and are almost exclusively
fed by abnormal arterial channels associated
with complex shunts leading to rapid contrast
wash-out; as a result there is a relative absence of
contrast accumulation relative to normal liver in
the late parenchymal phases. Indeed, all metas-
tases and the vast majority of HCCs appear as
filling defects on a background of bright liver
parenchyma. Furthermore, the demonstration of
hypervascularity in the arterial phase in small
nodules is a diagnostic indicator of HCCs in
patients with liver cirrhosis. Although focal
nodular hyperplasias (FNH) have a rich arterial
supply, there is relative accumulation of contrast
in the late phases because they consist of normal
functioning hepatic tissue similar to adjacent
normal sinusoids with very slow wash-out - the
majority of the FNHs are of higher or iso-
echogenicity in the late phase. The slow blood
flow within the haemangiomas, which consist of
vascular spaces lined with endothelial cells, is
well known; persistent and/or progressive accu-
mulation of contrast in the late phases occurs in
over 95% of cases. Irrespective of the vascular
enhancement pattern, if the lesion is hyper-
echoic based on the late phase alone, the proba-
bility of it being benign is over 95%.

CE-IOUS of Liver Metastases

More recently, we assessed the value of CE-IOUS
in 60 consecutive patients undergoing liver
resection of metastases [19]. The technique for
IOUS and CE-IOUS is described above. The
number of metastases identified on CT and/or
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MR, IOUS and CE-IOUS were counted, sized and
mapped according to Couinaud classification on
a liver schematic chart for each modality and in
real-time for all the sonographic examinations.
Benign cysts were not included in the counts.
The excised liver segments or lobes were sec-
tioned at pathology to obtain a true pathologic
gold standard of the lesions. Correlation with
resection/biopsy histopathology findings was
also performed. Changes in surgical manage-
ment following CE-IOUS compared with that
made after IOUS were documented (e.g., aban-
doned resection, more extensive resection, limit-
ed resection or combined resection with radio-
frequency ablation).

A total of 107 lesions were identified on
histopathology findings of biopsies and resected
tissues and of these, 103 were confirmed metas-
tases and four were haemangiomas. The number
of correctly identified metastases on CT and/or
MRI combined, IOUS and CE-IOUS were 79, 84
and 101, respectively. There was a statistically sig-
nificant increase in the number of detected
metastases on CE-IOUS compared with IOUS and
also with combined CT/MRI (p = 0.029 and p=
0.047, respectively). No statistical difference was
observed in the number of metastases detected
between IOUS and combined CT/MRI (p= 0.53).
For CT/MRI, IOUS and CE-IOUS, the sensitivity
was 76.7%, 81.5%, and 96.3%, respectively; accu-
racy was 73.8%, 78.5% and 96.3%, respectively;
the positive predictive value was 95.2%, 95.5%
and 98.0%, respectively. The mean (+ SD) size of
the lesions identified on CT/MRI/IOUS combined
and CE-IOUS were 2.73 (+ 1.46) cm and 1.71
(£ 1.57) cm, respectively. The median size of the
additional lesions identified on CE-IOUS was
0.8 cm (Fig. 3). The smallest metastasis identified
was 4 mm in diameter.

Fig. 3. Post-contrast scan on non-linear imaging mode showing
additional sub-centimeter metastasis in the late phase not seen on
10US, CT or MRI scans

Actual Change in Surgical Management
as a Result of CE-IOUS

Of the 60 patients, CE-IOUS was not performed
in three patients; two patients had peritoneal
metastases at exploration and one patient had
widespread metastases on a background of fatty
liver on the basis of IOUS. Of the remaining 57
patients, there was no alteration in the surgical
management in 40 patients. CE-IOUS detected
no additional lesion in 37 of the 40 patients; in
two cases there were additional lesions but they
did not entail any extended resection or adjunc-
tive surgical manoeuvres. In another patient, one
of the lesions was wrongly diagnosed on IOUS
and CT as metastasis and was accurately identi-
fied as a benign haemangioma on CE-IOUS.

In contrast, new information identified on
CE-IOUS alone altered the surgical plan in the
remaining 17 of 57 patients (29.8%). Additional
hepatic metastases were detected in 11 cases
(19.3%), which extended to a tri-segmentectomy
in three cases, additional non-segmental wedge
resection in two patients and radio-frequency
ablations of the additional lesions in six cases, as
an adjunct to the planned hepatic lobectomy. All
additional lesions were biopsied and confirmed
as metastasis prior to radio-frequency ablation;
all biopsies and radio-frequency ablations were
performed using CE-IOUS guidance. In two
patients (3.5%) there were less lesions than iden-
tified on pre-operative imaging scans and could
not be confidently excluded on IOUS alone,
which resulted in an alteration to the original
surgical plan from right hepatectomy to excision
of three segments in one patient and removal of
segment VII/VIII plus a metastatectomy in the
other. CE-IOUS also confirmed presence of an
arterio-venous malformation in one patient
(1.8%) that was not identified on IOUS and was
previously diagnosed as apparent solitary
metastasis on CT.

In two patients (3.5%), IOUS also accurately
diagnosed a solitary benign haemangioma, with
characteristic peripheral nodular enhancement
progressively filling-in over the vascular and late
phases, that was wrongly identified as metastasis
on CT and IOUS. Previously planned resections
were therefore not carried out. In one case the
tumour margin could be clearly visualised on
CE-IOUS to be too close to the inferior vena cava
for resection and it was ablated instead. New
findings on CE-IOUS alone also altered
IOUS/CT/MRI hepatic staging in 35.1% (20 of
57) of patients.
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Clinical Perspective

In this study, the sensitivity of CE-IOUS for the
detection of liver metastases is significantly high-
er than that of IOUS and that of CT/MR com-
bined. CE-IOUS detected additional lesions not
identified on IOUS or CT/MR in 13 patients
(22.8%) and the smallest of the additional lesions
measured 0.4 cm. A key question is whether the
detection of these additional lesions really mat-
ters. One might argue that small lesions measur-
ing less than 5 mm (if left undetected) might be
eradicated by adjuvant chemotherapy. However,
this remains uncertain; as yet adjuvant
chemotherapy following liver resection is not rou-
tinely administered in most centres. Surprisingly,
the median size of the additional lesions identi-
fied by CE-IOUS in this study is 8 mm, which is
larger than the threshold size of lesions identified
by conventional IOUS (5 mm), and thus they may
potentially impact on the eventual patient out-
come. The median clinical risk score of those 13
patients with additional lesions was 2 before CE-
IOUS and did not significantly change after CE-
IOUS (median Score 2) [20]. One would only
anticipate a change in the clinical risk score for
those patients with solitary lesion at
CT/MRI/IOUS; in this study three of those 13
patients (23.1%) had solitary lesions before CE-
I0OUS. However, the numbers are far too small for
any proper analysis. Clearly, follow-up studies of
larger cohorts of patients are needed.

There is still some debate as to the value of
IOUS during hepatic resection, with its impact
on surgical management ranging from 7-44%
[10-12]. As previous suggested, the impact varia-
tions between studies might be explained partly
by the difference in the adequacy and extent of
the pre-operative imaging studies; clearly, the
higher the performance of CT/MR, the lower the
impact of IOUS. Moreover, resectability/irre-
sectability is no longer the sole surgical issue
with the advent of extensive/adjunctive surgi-
cal/interventional maneuvers; the more aggres-
sive the surgeon/interventional radiologist in
proceeding with these maneuvers, the higher the
impact of IOUS. Similar considerations may be
applied to the impact of CE-IOUS on surgical
plans; any additional information provided by
CE-IOUS alone that would alter surgical man-
agement may depend on the adequacy of IOUS
and also on the quality and the extent of the pre-
operative imaging scans. Our surgical/interven-
tional approach might be considered as ‘aggres-
sive’ and the optimum protocol for imaging had
been selected using top of the range equipment.
Ultimately, the true value of CE-IOUS can only
be judged by the outcome of these patients.

Nevertheless, the preliminary results of this
study are compelling. In this study, additional
findings based on CE-IOUS alone altered the
surgical plan in 29.8% of patients. Lesional char-
acterisation was also improved with CE-IOUS as
a result of its ability to image contrast-enhance-
ment in real-time. It could be argued that the
four patients with benign lesions wrongly diag-
nosed on CT and IOUS would have been spared
laparotomy if MRI had been performed pre-
operatively; on the other hand the value of per-
forming both MR and CT in all patients under-
going liver resection remains debatable. Whilst
the arterio-venous malformation lesion missed
on IOUS and CT would have been diagnosed on
Doppler US mode, the latter is not routinely per-
formed. Nonetheless, even if they were to be
excluded, a change in surgical management in
the remaining 13 patients would still be clinical-
ly significant. Moreover, CE-IOUS alone identi-
fied additional lesions in a total of 13 patients
(22.8%) and exclusively guided biopsy and
radio-frequency ablation of new lesions in 10.5%
of cases.

CE-IOUS of Hepatocellular Carcinomas

The impact of CE-IOUS for the assessment of
cirrhotic patients with HCCs undergoing liver
resection was reported in a short note by an
Italian group in 2004 [21]. In this preliminary
report, of the 13 patients with HCCs studied, CE-
IOUS improved on the accuracy of IOUS for
HCCs; of the 11 additional lesions detected by
IOUS as HCCs, eight and three lesions were con-
firmed to be benign and malignant, respectively.
No benign lesions showed any enhancement
during the arterial phase, whilst the three addi-
tional HCCs did. Four of the eight patients with
benign lesions still had their liver resection. In
effect, CE-IOUS changed the surgical manage-
ment in four of the 11 patients (36.4%). CE-IOUS
did not detect any additional lesions. It is worth
highlighting that CE-IOUS was performed with
an end-fire percutaneous probe not designed for
intra-operative scanning of the liver with obvi-
ous limitations, as described above.

Limitations of CE-IOUS

There are some limitations to the CE-IOUS tech-
nique. PIH capability is a prerequisite and as yet
is not widely available for the intra-operative US
finger-probes. Although such new technology is
relatively cheap, there would be the additional
cost of the contrast agent and any upgrade of



102  Enhancing the Role of Ultrasound with Contrast Agents

existing conventional equipment. IOUS probes
with PIH capability are a tenth of the cost of a
top-of-the-range US scanner, and the cost of the
US contrast agent is about half that of an MRI
liver-specific contrast agent (in the UK, SonoVue
costs £40 [$72] per vial, which is made up to a
volume of 5ml).

In order to minimise the disruption of the
microbubbles to prolong enhancement and
maintain uniformity, scanning is performed at a
much lower US output power (MI range: 0.02-
0.04), which renders the US screen display dark
until the arrival of contrast. This can be compen-
sated for, to some extent, by increasing the ultra-
sound gain; the spatial resolution is also lower
compared with that of the fundamental mode.
These require some degree of observer adapta-

tion with the obvious learning curve, which may
be up to 3 weeks. Furthermore, the duration of
the contrast-enhancement is shorter, with a
mean duration of 2-3 minutes compared with
the 4-5 minutes of enhancement obtained from
lower frequency probe scans; this may also be
related to some of the interactions with the gen-
eral anesthetics as well as the positive pressure
ventilation, which may disrupt the microbub-
bles. After the liver parenchymal enhancement
has completely vanished (usually 5 minutes from
the injection time), the injection of the same
dose of SonoVue can be safely repeated (total
safe dose per patient is 10ml of SonoVue in 3
doses) to complete the examination. We can
anticipate future software optimisation for
improved sensitivity to SonoVue.

Key Points

undergoing liver resection

+ Contrast-enhanced intra-operative ultrasound is an essential tool for staging patients

« Itis also vital in the guidance of adjunctive radio-frequency ablation of lesions that are
occult on conventional intra-operative ultrasound.
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Introduction

Detection and characterization of focal liver
lesions is an important and challenging issue.
Hepatocellular carcinoma (HCC) is the fifth most
common cancer [1]. The liver is the organ most
frequently involved by metastases. In addition,
benign liver lesions, such as hemangioma and
focal nodular hyperplasia (FNH), have a high
prevalence in the general population. Several
imaging modalities and diagnostic protocols have
been used in attempts to optimize detection and
characterization of focal liver lesions.

Ultrasound (US) is the most commonly used
liver imaging modality. Unfortunately, US has
limited sensitivity for the detection of small
tumor nodules. Moreover, US findings are often
non-specific, as there is enough variability and
overlap in the appearance of benign and malig-
nant liver lesions to make a definite distinction
problematic. Computed tomography (CT) and
magnetic resonance (MR) imaging are common-
ly used to clarify questionable US findings and
to provide a more comprehensive assessment of
the liver parenchyma.

Recently, the introduction of microbubble
contrast agents and the development of contrast-
specific techniques have opened up new
prospects in liver US [2]. Contrast-specific tech-
niques produce images based on non-linear
acoustic effects of microbubbles and display
enhancement in gray-scale, maximizing contrast
and spatial resolution. The goal of improving the
US assessment of focal lesions was initially pur-
sued through scanning the liver with high
mechanical index techniques. With these tech-
niques, the signal is produced by the collapse of
the microbubbles. The main limitations of this
destructive method is that it produces a tran-
sient display of the contrast agent. Thus, it

requires intermittent scanning, and a series of
sweeps have to be performed in an attempt to
cover the whole liver parenchyma. The advent of
second-generation agents - that have higher har-
monic emission capabilities - has been instru-
mental in improving the ease and the repro-
ducibility of the examination [3]. In fact, a lower,
non-destructive mechanical index can be used,
thus enabling continuous real-time imaging.
Over the past few years, several reports have
shown that real-time contrast-enhanced US can
substantially improve detection and characteri-
zation of focal liver lesions with respect to base-
line studies [4].

With the publication of the guidelines for the
use of contrast agents in liver US by the
European Federation of Societies for Ultrasound
in Medicine and Biology (EFSUMB), contrast-
enhanced US has entered into clinical practice
[4]. The guidelines define the indications and
recommendations for the use of contrast agents
in focal liver lesion detection, characterization,
and post-treatment follow-up. In this paper, we
discuss the impact of EFSUMB guidelines on
diagnostic protocols currently adopted in liver
imaging with regard to four clinical scenarios:
(1) characterization of focal liver lesions of inci-
dental detection; (2) diagnosis of HCC in
patients with cirrhosis; (3) detection of hepatic
metastases in oncology patients; and (4) guid-
ance and assessment of the outcome of percuta-
neous tumor ablation procedures.

Characterization of Incidental Focal
Liver Lesions

Characterization of focal lesions of incidental
detection is one of the most common and some-
times troublesome issues in liver imaging.



106  Enhancing the Role of Ultrasound with Contrast Agents

Unsuspected lesions, in fact, are frequently
detected in patients who have neither chronic
liver disease nor history of malignancy during
an US examination of the abdomen. While a con-
fident diagnosis is usually made on the basis of
US findings in cases of simple cysts and heman-
giomas with typical hyperechoic appearances,
lesions with non-specific US features require
further investigation [5]. The patient is typically
referred for contrast-enhanced CT or contrast-
enhanced MR imaging of the liver.

EFSUMB guidelines recommend the use of
contrast agents to diagnose benign focal lesions
not characterized at baseline study. This state-
ment is based on the ability of contrast US to
allow analysis of lesion vascularity. In fact,
lesions that most frequently cause incidental
findings - such as hemangioma and focal nodu-
lar hyperplasia - typically show contrast-
enhanced US patterns that closely resemble
those at contrast-enhanced CT or contrast-
enhanced MR imaging. Most liver hemangiomas
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show peripheral nodular enhancement during
the early phase, with progressive centripetal fill-
in,leading to lesion hyperechogenicity in the late
phase (Fig. 1). In two recent series, this charac-
teristic features have been shown in 78-93% of
hemangiomas [6, 7]. Focal nodular hyperplasia
shows central vascular supply with centrifugal
filling in the early arterial phase, followed by
homogeneous enhancement in the late arterial
phase. In the portal phase the lesion remains

hyperechoic relative to normal liver tissue, and
becomes isoechoic in the late phase (Fig. 2). This
pattern has been observed in 85-100% of focal
nodular hyperplasias [6, 8]. Therefore, it appears
that in most liver lesions incidentally discovered
at the baseline US study, detection of typical
enhancement patterns after contrast injection
may enable a quick and confident diagnosis, pos-
sibly avoiding the need for more complex and
expensive investigations.
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Diagnosis of Hepatocellular
Carcinoma in Cirrhosis

The second clinical scenario is represented by
patients with hepatic cirrhosis. In view of the
high risk of developing HCC, these patients are
carefully followed with US examinations repeat-
ed at six month intervals [9]. While the detection
of a focal lesion in cirrhosis should always raise
the suspicion of HCC, it is well established that
the pathologic changes inherent to cirrhosis may
simulate HCC in a variety of ways, especially
because non-malignant hepatocellular lesions,
such as regenerative and dysplastic nodules, may
be indistinguishable from a small tumor. One of
the key pathologic factors for differential diag-
nosis that is reflected in imaging appearances is
the vascular supply to the nodule. Through the
progression from regenerative nodule to dys-
plastic nodule to frank HCC, one sees loss of
visualization of portal tracts and development of
new arterial vessels, termed non-triadal arteries,
which become the dominant blood supply in

overt HCC. It is this neovascularity that allows
HCC to be diagnosed with contrast-enhanced
CT or dynamic MR imaging [10].

According to EFSUMB guidelines, a contrast-
enhanced US study is recommended to charac-
terize any lesion or suspect lesion detected at
baseline US in the setting of liver cirrhosis [4].
Owing to the ability to display contrast-enhance-
ment in real-time, contrast US appears to be a
tool to show arterial neoangiogenesis associated
with a malignant change, and, therefore, to help
establish the diagnosis of HCC [11, 12]. HCC typ-
ically shows strong intratumoral enhancement
in the arterial phase (i.e., within 25-35 seconds of
the start of contrast injection) followed by rapid
wash-out with isoechoic or hypoechoic appear-
ance in the portal venous and delayed phases
(Fig. 3). In contrast, large regenerative nodules
and dysplastic nodules usually do not show any
early contrast uptake, and resemble the enhance-
ment pattern of liver parenchyma. Selective arte-
rial enhancement at contrast US has been
observed in 91-96% of HCC lesions, confirming
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Fig. 2a-g. Focal nodular hyperplasia. Baseline US shows a hypoe-
choic lesion on segment VIII (a). At contrast-enhanced US the
lesion shows homogeneous enhancement in the arterial phase (b)
with isoechoic appearance in the portal and delayed phases (c, d).
At MR imaging, focal nodular hyperplasia appears slightly
hypointense on the T1-weighted image (e), slightly hyperintense
on the T2-weighted image (f), and hyperintense on the T1-
weighted image acquired 1 hour after the injection of an hepato-
specific contrast agent (g)

that contrast US may be a useful tool to show
arterial neoangiogenesis of HCC [11, 12]. In a
recent study, in which findings at spiral CT were
assumed as the gold standard, the sensitivity of
contrast US in the detection of arterial hypervas-
cularity was 97% in lesions larger than 3 cm, 92%
in lesions ranging 2-3 cm, 87% in lesions ranging
1-2 c¢cm, and 67% in lesions smaller than 1 cm
[12]. Hence, performing a contrast-enhanced
study may be recommended in all lesions or sus-
pected lesions - 1 cm or larger in diameter -
detected at baseline US in patients with cirrhosis
or chronic hepatitis undergoing surveillance
programs.

The use of contrast US as a reliable alternative

to CT or MR imaging for characterizing nodular
lesions detected by US surveillance has been
recently endorsed by the American Association
for the Study of Liver Diseases [13]. The diagnos-
tic protocol is structured according to the actual
risk of malignancy and the possibility of achiev-
ing a reliable diagnosis. Since the prevalence of
HCC among US-detected nodules is strongly
related to the size of the lesion, the work-up
depends on the size of the lesion (Fig. 4) [13].
Lesions smaller than 1 cm in diameter have a low
likelihood of being HCC, and only need to be fol-
lowed-up in order to detect growth suggestive of
malignant transformation. When the nodule
exceeds 1 cm in size, the lesion is more likely to
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Fig. 3a-h. Hepatocellular carcinoma. At baseline US examination the lesion appears as an iso-hypoechoic nodule (a). At contrast-
enhanced US, the lesion shows early enhancement in the arterial phase (b) with rapid wash-out in the portal-venous and delayed phas-
es (¢, d). At multidetector CT (e, baseline; f, arterial phase; g, portal-venous phase; h, delayed phase) the same enhancement pattern is
observed
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be HCC and diagnostic confirmation should be
pursued. It is accepted that the diagnosis of HCC
in cirrhosis can be made without biopsy in a
nodule larger than 1 cm that shows characteris-
tic vascular features of HCC - i.e., arterial hyper-
vascularization with wash-out in the portal
venous or delayed phase - even in patients with
normal alpha-fetoprotein values. For lesions
ranging 1-2 cm, current guidelines require typi-
cal imaging findings to be confirmed by two
coincident dynamic imaging modalities — out of
contrast-enhanced US, contrast-enhanced multi-
detector CT, and contrast-enhanced MRI - to
allow a non-invasive diagnosis [13]. If the imag-
ing findings are not characteristic or the vascu-
lar profile is not coincidental among techniques,
biopsy is recommended [13].

Detection of Hepatic Metastases in
Oncology Patients

Metastatic disease involving the liver is one of
the most common issues in oncology. CT and
positron emission tomography (PET) are used in
oncology protocols to provide objective docu-
mentation of the extent of the liver tumor bur-
den and to effectively assess extrahepatic dis-
ease. Nevertheless, US is widely used in post-
treatment follow-up to monitor tumor response
and to detect the emergence of new hepatic
metastatic lesions. One of the major points
addressed by the EFSUMB document is the use
of contrast agents in this patient population. In
fact, the use of contrast agents is recommended
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not only to clarify a questionable lesion detected
at baseline examination. Performing a contrast-
enhanced ultrasound study is recommended in
every oncology patient referred for liver ultra-
sound, unless a clear-cut disseminated disease is
detected at the baseline study. This means that
all liver US examinations performed to rule out
liver metastases should include a contrast-
enhanced study, even if the baseline scans do not
show any abnormality. This strong statement is
based on a substantial increase in the ability to
detect liver metastases in contrast-enhanced
studies compared to baseline [14]. Even small
metastases stand out as markedly hypoechoic
lesions against the enhanced liver parenchyma
throughout the portal venous and delayed phas-

es (Fig. 5). The earlier the detection of liver
metastatic disease, the earlier the therapeutic
intervention.

Guidance and Monitoring of Tumor
Ablation Procedures

Several percutaneous techniques have been
developed to treat non-surgical patients with
liver malignancies. These minimally invasive
procedures can achieve effective and repro-
ducible tumor destruction with acceptable mor-
bidity. Radio-frequency ablation is increasingly
accepted as the best therapeutic choice for

Fig. 5a-g. Metastasis. Baseline US examination shows a subcap-
sular hypoechoic nodule (a). At contrast-enhanced US the lesion
shows rim enhancement during the arterial phase (b) with hypoe-
choic appearance in the portal-venous and delayed phases (c, d).
At multidetector (T, the metastatic nodule appears hypodense in
the baseline scan (e) as well as in the arterial (f) and the delayed
phases (g)
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patients with early-stage HCC when resection or
transplantation are precluded and has also
become a viable treatment method for patients
with limited hepatic metastatic disease from col-
orectal cancer who are not eligible for surgical
resection [15, 16].

Fig. 6a-e. Radio-frequency ablation of hepatocellular carcino-
ma. Monitoring of the procedure with real-time fusion imaging
(Virtual Navigator, Esaote Biomedica, Italy). Baseline US shows the
native tumor as a hypoechoic lesion, corresponding to the
enhancing nodule on the synchronized arterial-phase multidetec-
tor CT image (a). After administration of the second-generation
contrast agent SonoVue (Bracco, Italy), the lesion shows clear-cut
enhancement in the arterial phase (b). An expandable multitoned
radio-frequency array (StarBurst XL; RITA Medical Systems, USA) is
advanced (c) and precisely deployed within the small nodule (d).
Contrast-enhanced US study repeated after the end of radio-fre-
quency treatment shows disappearance of intratumoral enhance-
ment, reflecting successful ablation (e)

When US is used as the imaging modality for
guiding ablations, the addition of contrast agent
can provide additional important information
throughout all the procedural steps: it improves
delineation and conspicuity of lesions poorly
visualized on baseline scans, facilitating target-
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ing; it allows the immediate assessment of the
outcome of treatment by showing the disappear-
ance of any previously visualized intralesional
enhancement (Fig. 6); and it may be useful in the
follow-up protocols for early detection of tumor
recurrence [17].

Conclusions

Despite the improvement in detection and char-
acterization of focal liver lesions that can be
achieved using contrast-enhanced US, several is-
sues are still open. First, contrast US will hardly re-
place CT or MR imaging for preoperative assess-
ment of patients with liver tumors, as these tech-
niques still offer a more comprehensive assess-
ment of the liver parenchyma, which is mandato-
ry to properly plan any kind of surgical or inter-
ventional procedure. Second, the daily schedule of
each US laboratory doing liver examinations will

have to be reformulated, and many US laborato-
ries will have to update their equipment and to
provide proper training for their doctors. Last but
not least, the cost of the introduction of contrast-
enhanced US into daily practice will have to be tak-
en into account. It can be argued that cost saving
associated with patients who will no longer need
a CT or MR imaging of the liver after contrast-en-
hanced US could largely counterbalance the cost
of the examination. However, an optimal use of
contrast-enhanced US will require the definition
of precise diagnostic flow charts for each clinical
situation. Nevertheless, contrast-enhanced US has
the potential to become the primary liver imaging
modality for early detection and characterization
of focal lesions. Early diagnosis of primary and
secondary liver malignancies greatly enhances the
possibility of curative surgical resection or suc-
cessful percutaneous ablation, resulting in better
patient care and eventually in improved patient
survival.

Key Points

+ Several reports have shown that real-time contrast-enhanced US substantially improves

detection and characterisation of focal liver lesions with respect to baseline US.

The European Federation of Societies for Ultrasound in Medicine and Biology (EF-
SUMB) has issued guidelines that define the indications and recommendations for the
use of contrast agents in liver US.

EFSUMB guidelines are producing a major impact on diagnostic protocols for all the main
clinical situations: (1) characterisation of focal liver lesions of incidental detection; (2)
diagnosis of hepatocellular carcinoma in patients with cirrhosis; (3) detection of hepat-
ic metastases in oncology patients; and (4) guidance and assessment of the outcome of
percutaneous tumor ablation procedures.

The use of contrast US as a reliable alternative to CT and MR imaging in characterising
nodular lesions detected by US surveillance in patients with cirrhosis as hepatocellular
carcinoma has been recently endorsed by the American Association for the Study of Liv-

er Diseases.
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Clinical Application
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in Vascular Diseases



1.1

Transcranial Doppler

Dirk W. Droste

Introduction

Stroke is the third cause of death and the most
frequent cause of acquired handicap in the west-
ern world. Its consequences include hemiparesis,
hemisensory loss, dysarthria, dysphasia and
other cognitive disorders, disorders of vision,
and depression. Stroke is thus a major human
and socioeconomic burden in our society. The
key issue to the understanding of stroke aetiolo-
gy, and thus to stroke management to reduce the
actual deficit and to prevent further deficits, is
the assessment of the patients’ arterial vascular
situation. Neurosonological investigations of the
extracranial and intracranial brain-supplying
arteries are therefore very helpful in the assess-
ment of stroke and stroke-prone patients. By
conventional extracranial and transcranial
Doppler sonography (ECD and TCD) and by
extracranial and transcranial colour-coded
duplex sonography (ECCD, TCCD), stenoses or
occlusions, and pathological collateral flow pat-
terns are detected. The following arteries can be
evaluated extracranially: common, internal, and
external carotid artery, vertebral artery, supra-
trochlear and subclavian artery. The internal
carotid artery, and the middle, anterior and pos-
terior cerebral arteries can be investigated
intracranially through the temporal window, and
the vertebral and basilar arteries can be investi-
gated through the foramen magnum. Moreover,
the ophthalmic artery and the carotid siphon can
be insonated through the orbits. Contrast ultra-
sound is of particular interest in intracranial
ultrasound given the poor insonation situation
in about 20% of cases.

Baseline Ultrasound

TCCD permits a continuous representation of
flowing blood in the arteries and demonstrates
their relation to anatomical landmarks, such as
bony structures, ventricles, and parenchyma.
This allows for a refined spatial orientation com-
pared to conventional TCD, and helps to avoid
compression tests. For example, the posterior
cerebral artery can unequivocally be identified
by its course around the midbrain. Furthermore,
several vessels and vessel segments can be
assessed simultaneously. However, the individual
patient’s anatomy and pathology (deep location
of arteries, shadowing of the ultrasound beam,
low flow, insufficient bone window) may hamper
their proper visualisation. Weak Doppler signals
due to a large insonation angle, low flow volume,
or low flow velocity, are further problems. Our
group performed a combined pre-/postmortem
study to investigate the influence of the temporal
bone on the quality of the ultrasound signal [1].
Thirty-three moribund neurological patients
who eventually died were examined by TCCD
using the transtemporal approach. The sonogra-
pher categorised the quality of the TCCS image.
During autopsy, a rectangular sample of the tem-
poral squama was removed, which corresponded
to the area of the in vivo acoustic window. The
thickness of the whole temporal bone, and that
of the cortical and cancellous (=diploe) bone, as
well as density and homogeneity, were deter-
mined by high resolution computed tomography
(CT). A significant correlation between the com-
plete bone thickness as well as between the
absolute thickness of the diploe and the quality
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of the acoustic window was found: the thinner
the bone/diploe, the better the colour Doppler
signal. The thickness of the cortical plates and
the homogeneity of the bones were identical in
the three image quality categories. Therefore the
transtemporal TCCD image quality depends
mainly on the thickness of the cancellous
(diploe) component of the temporal bone and
not on its structure. These limitations to
insonation led to the development of echocon-
trast agents that are able to survive pulmonary
and capillary transit and increase the echo-
genecity of the flowing blood. All the Doppler
modalities, i.e., spectral Doppler, colour-Doppler
and power mode, show an increased signal with
the use of echocontrast agents (Figs. 1, 2).

Contrast Ultrasound Features
Principles

Echocontrast agents are microbubble prepara-
tions for intravenous administration that pro-
vide useful and reproducible enhancement on
ultrasound scans. These microbubbles increase
the intensity of the Doppler signal by 10 to 30 dB.
The high stability and low diameter (< 8 um) of
the contrast microbubbles provide enough sig-
nal to image over several capillary passages.
Echocontrast agents with a low stability that are
used for the detection of cardiac and extracar-
diac shunts (e.g. Echovist) will not be discussed

*—__ Contralateral
PCA

Fig. 1a, b. A patient with an insufficient temporal bone window before (a) and after (b) application of SonoVue. Colour mode, normal
finding. MCA = middle cerebral artery, ACA = anterior cerebral artery, PCA = posterior cerebral artery (Reprinted with permission from

(26])

Contralat.
b MCA ™

Fig. 2a, b. A patient with an insufficient temporal bone window before (a) and after (b) application of SonoVue. Power mode, normal
finding. MCA = middle cerebral artery, ACA = anterior cerebral artery, PCA = posterior cerebral artery, Contralat = contralateral (Reprinted
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in this context. By injecting the contrast agent
into the circulating blood, the propagation of
ultrasound is modified in a characteristic man-
ner. For echocontrast-enhancement, the phe-
nomenon of scattering and not of reflection is
crucial. There is a much stronger ultrasound
scattering at the interface between blood and
contrast medium as compared to the interface
between erythrocytes and serum.

Products

In many European countries two contrast agents are
currently licensed for use in neurosonology: Lev-
ovist and SonoVue. The in vivo stability of echocon-
trast agents is related to their shell characteristics
and the solubility in blood of the gas used in their
preparation. Since second-generation echocontrast
agents contain poorly soluble gases such as fluoro-
carbons or sulfur hexafluoride, agents such as
SonoVue have a longer duration of effect than air-
containing agents like Levovist.

Levovist (Schering, Germany) is a galactose/
palmitic acid-based agent which, on dissolution
and agitation in sterile water, generates a sus-
pension of air-filled microbubbles attached to
the galactose crystals with a palmitic acid coat-
ing and a median diameter of 3 um. These lipid-
coated microbubbles are sufficiently stable and
small to survive the capillary circulation. Mean
duration of intracranial contrast-enhancement
after a single intraveneous (iv) administration
was 163-240 seconds [2]. Galactose is
metabolised to CO», palmitic acid to triglyc-
erides. Only minor transient side effects were
observed in a large patient cohort [3]. The short
lasting enhancement by echocontrast agents rep-

resents a new challenge to the clinical practice of
ultrasound. Normally, Doppler interrogations
last several minutes. The typical course of an
echo-enhancement after administration of a
bolus, comprises (1) an initial phase of increas-
ing enhancement, then (2) ‘blooming’ (over-
load), followed by (3) a phase ideal for diagnos-
tic use and (4) a phase of decreasing enhance-
ment. Attempts were made to prolong the clini-
cally useful investigation time caused by the
echocontrast agent by its continuous iv infusion
after bolus injection [4-6]. Giving the contrast
agent in fractions (e.g., starting with half the
amount followed by a repeated dose of quarter of
the amount within a few minutes of each other)
can smooth and prolong the enhancing effect as
well.

SonoVue (BR1) by Bracco (Italy) is an aque-
ous suspension of phospholipid-encapsulated
sulfur hexafluoride. The agent is prepared by
injecting 5 ml of normal saline into vials con-
taining 25 mg of sterile lyophilised powder in a
gaseous atmosphere of sulfur hexafluoride. The
vial is gently shaken until complete dissolution
of the lyophilisate in the suspension. The con-
centration is approximately 2*10% bubbles/ml,
the bubble diameter is about 2.5 um, and 90% of
the bubbles are smaller than 8 um. In a phase I
pharmacokinetic study conducted on 12 healthy
volunteers who received SonoVue, more than
75% of the dose was eliminated by 11 minutes
via the lungs into the expired air [7]. Figure 3
gives the median durations of clinically useful
enhancement recorded in a dose finding study
[8]. A dose of 1.2-2.4 ml of SonoVue proved to be
most useful. With a dose of 2.4 ml, median dura-
tions of clinically useful enhancement of 1.9-6.3
minutes were obtained.

Duration of Clinically Useful Enhancement

SonoVue Dose
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Baseline 0.3mL 0.6mL 1.2mL 2.4mL Fig. 3. Duration of dinically use-

ful enhancement of different
doses of SonoVue (Reprinted
with permission from [8])
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Safety Issues of SonoVue

In the study reported by Droste et al. [8], which
included 113 patients, possible or probable side
effects (7.1% of the patients) included heat or
pain at the injection site (six patients), headache
(one patient) and mild itching (one patient). All
these advents were non-serious and resolved
without sequelae.

Although in our experience SonoVue has
never been associated with side effects worth
mentioning, several cases, including heart prob-
lems and severe drops in blood pressure and
heart rate have been described. Some of the
patients who experienced these effects already
had severe coronary artery disease. The European
Medicines Agency (EMEA) in London therefore
defined (besides the usual contra-indications
such as pregnancy, lactation and hypersensitivity)
specific contraindications. SonoVue is contraindi-
cated for use in patients with recent acute coro-
nary syndrome or clinically unstable ischemic
cardiac disease, including: evolving or ongoing
myocardial infarction, typical angina at rest with-
in the last seven days, significant worsening of
cardiac symptoms within the last seven days,
recent coronary artery intervention or other fac-
tors suggesting clinical instability (for example,
recent deterioration of ECG, laboratory or clinical
findings), acute cardiac failure, class III/IV car-
diac failure, or severe rhythm disorders. SonoVue
is contraindicated in patients known to have
right-to-left shunts, severe pulmonary hyperten-
sion (pulmonary artery pressure > 90 mmHg),
uncontrolled systemic hypertension, and in
patients with adult respiratory distress syndrome
[9, 10]. Furthermore, patients should be kept
under close medical supervision during and for at
least 30 minutes following administration.
SonoVue is contraindicated in ventilated patients
[9, 10]. These restrictions lower its applicability,
however, only in a minority of patients.

Practical Considerations of the Machinery
Setting

Prerequisite for the sensible use of contrast is an
optimal machine setting for the visualisation of
the structures of diagnostic interest on native
colour mode scans. To visualise flow with low
velocity and small intensity, the pulse repetition
frequency has to be lowered and the gain has to
be increased until colour artefacts appear.
Moreover, there should be a favourable inso-
nation angle. The use of echocontrast should be
considered only when a proper assessment is not
possible under these conditions.

Practical Considerations of the Injection
of SonoVue

In general, due to its relatively long effect of
1.9-6.3 minutes, SonoVue can be administered by
single injection. This may be of particular
importance when only one person is available to
do the examination. A second injection, however,
is also possible [9, 11].

In our centre, after preparation of one vial, we
inject via an indwelling venous catheter either
the total amount or half of it as a bolus, depend-
ing on the quality of the acoustic window. If the
quality is sufficient with half a vial, we inject a
quarter of a vial twice, or all the remaining half
after 1-2 minutes to prolong the contrast effect.
In case of a still insufficient window, following
injection of half a vial, we inject a whole vial as a
bolus. This allows the investigation to be per-
formed by a single investigator. If no brain struc-
tures are seen on B-mode at all, in our experi-
ence there is little effect of contrast concerning
arterial imaging.

Comparisons of Pre- and Post-Contrast
Imaging

The use of echocontrast agents is indicated in
about 20% of all transcranial colour-coded
duplex investigations in Europe [5, 12, 13]. The
number is higher in patients with Asian or
African ethnic background [14]. Gas-filled
microbubble contrast agents can also be used
during conventional continuous wave and tran-
scranial Doppler ultrasound [14], but are of par-
ticular benefit in TCCD investigations. The tar-
get parameters of the studies mentioned includ-
ed quality of imaging, visualised vessel length,
stent patency, answer to the clinical question,
visualisation of collaterals, number of vessel seg-
ments visualised, and visualisation of vessel
patency, stenoses, and occlusions.

The results of two multicentre studies (BR1-
014 and BR1-017) with a similar design involving
a total of 113 patients with insufficient acoustic
windows before and after SonoVue injection were
published [8]. In eight patients, the region of
interest was the vertebrobasilar system via the
transnuchal approach and in the remaining 105
patients, the anterior or posterior circulation via
the transtemporal approach. In 66-74% of
patients, a non-diagnostic study was converted
into a diagnostic study. SonoVue facilitated the
visualisation of vessel patency, stenosis, occlu-
sion, and collateral flow, decreased the need for
additional tests, and had an impact on the
patient’s treatment. In a recent study, 67 temporal
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bones were insonated before and after applica-
tion of SonoVue [15]. As compared to the pre-
contrast scans, echocontrast allowed for more
segments to be evaluated by pulsed Doppler
sonography (p < 0.0001) and for longer lumen
segments to be displayed on colour mode (p <

0.0001). With the help of contrast medium, flow
velocity in the middle cerebral artery could be
measured through 65 windows as compared to
only 26 windows before the application of con-
trast (p < 0.0001). Table 1 gives details of the
results for the individual vessels.

Table 1. Colour-coded Doppler signals and visualisation of pulsed-wave Doppler spectra before and after contrast application [15]

Before contrast

After contrast
(mean + SD; median, range)

(mean * SD; median, range)

Length of the artery on colour mode

Ipsilateral MCA 4.6 £ 0.62mm
(0; 0-17.8mm)
Ipsilateral ACA 0.1 £ 0.9mm
(0; 0-7.9mm)
Contralateral ACA 0.0 = Omm
(0; 0-0mm)
Ipsilateral PCA (P1) 0.3 = 1.2mm
(0; 0-5.7mm)
Ipsilateral PCA (P2) 2.3+ 4.2mm
(0; 0-15.7mm)
Ipsilateral PCoA 0 £ Omm
(0; 0-0mm)
Contralateral PCA (P1) 0 £ Omm
(0; 0-0mm)
Number of MCA branches 0.0%0
visualised on colour mode (0; 0-0)
Possibility of obtaining a Doppler spectrum
Ipsilateral MCA 39 £ 49%
(0; 0-100%)
Ipsilateral ACA 1+12%
(0; 0-100%)
Contralateral ACA 0+ 0%
(0; 0-0%)
AcoA 0+ 0%

Ipsilateral PCA (P1)

Ipsilateral PCA (P2)

(0; 0-100%)

6 +24%
(0; 0-100%)

27 + 45%
(0; 0-100%)

Ipsilateral PCoA 0+0%
(0; 0-0%)
Contralateral PCA (P1) 0+ 0%

23.9 + 7.4mm
(26.0; 0-35.4mm)

7.5 * 3.4mm
(8.0; 0-16.2mm)

7.5 + 4.0mm
(8.0; 0-12.9mm)

8.1 £4.2mm
(9.1; 0-14.5mm)

20.0 £ 8.4mm
(22.2; 0-33.2mm)

4.9 + 2.7mm
(5.5; 0-8.4mm)

5.5+ 4.4mm

(7.7; 0-13.6mm)

0.68 + 0.97
(0; 0-3)

97 + 17%
(1005 0-100%)

91 £+ 29%
(1005 0-100%)

64 + 48%
(1005 0-100%)

54 + 50%
(1005 0-100%)

85 + 36%
(1005 0-100%)

90 £ 31%
(1005 0-100%)

84 £ 37%
(1005 0-100%)

64 £ 47%
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The benefits of native echocontrast-enhanced
neurovascular ultrasound in the literature are
summarised in Table 2. In general, the success rate
of the enhanced investigation was in the range of
two thirds to three quarters of the investigations.

Three examples further illustrate the benefit
of echocontrast in the anterior and posterior
cerebral circulation (Figs. 4-6).

Role of Contrast Ultrasound in
Clinical Practice

General Considerations

Neurovascular ultrasound is a cheap and easy-to-
perform bedside procedure. Echocontrast pro-
vides effective Doppler signal enhancement and

Table 2. Diagnostic benefit of echocontrast agents in different vessel areas in neurosonology

Vessel

Middle, anterior and posterior cerebral
artery main stems, middle cerebral

Diagnostic benefit

Literature

artery branches excellent [5;8;12-15;29-34]
Intracranial collaterals excellent [5;8;12;35]
Vertebrobasilar junction excellent [13;28;36;37]
Extracranial carotid arteries medium [4;33;38-42]
Distal basilar artery (transnuchal approach) medium [13;28;36;37]
Dural arteriovenous fistulae excellent [18]

brainstemn

brainstem

Fig.4a-c. A patient with an insufficient temporal bone window be-
fore (a) and after (c) application of SonoVue-. Colour mode. The pa-
tient had suffered an acute stroke in the middle cerebral artery ter-
ritory. The upper template demonstrates the unenhanced investi-
gation before application of SonoVue. b shows the investigation us-
ing SonoVue. A middle cerebral artery main stem occlusion is detect-
ed with compensatory flow increase in the anterior cerebral artery.
Intravenous thrombolysis is started under colour-coded duplex
monitoring. The lower template shows the enhanced investigation
following thrombolysis with restored flow in the middle cerebral ar-
tery. MCA = middle cerebral artery, ACA = anterior cerebral artery,
PCA = posterior cerebral artery (Reprinted with permission from
(26])
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Fig. 5a, b. Transtemporal TCCD investigation in a patient with ipsilateral ICA occlusion. In the pre-contrast investigation (a) only with a
low pulse repetition frequency (cf. the colour scale) a colour-coded Doppler signal can be obtained in the MCA, the ipsilateral and con-
tralateral ACA, and the ipsilateral PCA. The information of flow direction is lost due to aliasing. The echocontrast investigation (b) allows
the identification of the PCoA and of the contralateral P1-segment. As the pulse repetition frequency can be increased, proper identifica-
tion of flow direction in the different arteries under investigation is now possible (cf. the colour scale) (Reprinted with permission from

(271)

Fig. 6a, b. TCCD of the vertebral arteries and the basilar artery in a patient where intracranial stenosis due to a dissection was presumed.
Before echocontrast (a) only the right vertebral artery and the presumed proximal basilar artery are visible. After echocontrast (b) the ver-
tebrobasilar junction is clearly discernible without evidence of a stenosis (Reprinted with permission from [28])

considerably increases the diagnostic gain of
TCCD in the intracranial anterior and verte-
brobasilar vasculature. Besides increasing the
diagnostic success rate of the examination,
echocontrast agents reduce examination time and
allow for colour imaging and pulsed Doppler
detection of a greater number of vessels. The use
of echocontrast can have direct diagnostic and
therapeutic consequences (Table 3). Additional
investigations like magnetic resonance imaging
(MRI), MR-angiography, CT-angiography, or

intra-arterial angiography are potentially harm-
ful. Out of 415 patients who underwent intra-arte-
rial angiography following randomisation in the
ACAS trial (Asymptomatic Carotid Artery Study),
three patients suffered a disabling stroke under
the investigation or between the investigation and
surgery, and one patient died (1.0%) [16].

A review of eight prospective studies revealed
1% of arteriography-related disabling strokes
and 0.06% of deaths in a total of 2227 cerebral
arteriographies [17].



126

Enhancing the Role of Ultrasound with Contrast Agents

Table 3. The benefits of neurovascular imaging

Diagnosis

Normal finding

Symptomatic extracranial internal carotid
artery occlusion without post-occlusional
alternating flow

Aymptomatic extracranial internal carotid
artery pseudo-occlusion

Arterial stenosis or occlusion,

pathological collateral flow

Acute basilar artery occlusion

Recanalisation during intravenous thrombolysis

Symptomatic stenosis of the intracranial
internal carotid artery with poor collateral flow

Occlusion of the intracranial internal carotid
artery or the middle cerebral artery main
stem with poor collateral flow

Consequences

Avoidance of expensive and potentially harmful
additional investigations (angiography, MR-angiogra-
phy, CT-angiography),

No endarterectomy [43-46]

Endarterectomy [47]

Localisation of stroke and embolic source,
differentiation of macro- or microvascular aetiology,
differentiation of hemodynamic and embolic stroke

Intra-arterial thrombolysis [48]
Discontinuation of lysis [49, 50]

Knowledge of this situation may lead to the use of a
shunt during carotid endarterectomy and to special
attention by the anesthesiologist to avoid drops in
blood pressure during any surgical intervention [51-53]

Close-meshed clinical and CT follow-up to guide
possible hemicraniotomy, special benefit of intravenous
thrombolysis, EC-IC bypass in selected cases, rise in
arterial blood pressure [54-56]

Apart from this, investigations like MRI, MR-
angiography, CT-angiography, or intra-arterial
angiography are expensive and not yet generally
available. These are additional arguments for the
use of echocontrast in neurosonology.

Future Applications

Vascular ultrasound remains the predominant
application of echocontrast agents in neurology.
However, these products have an enormous
potential for additional applications in the future.
The improving quality of ultrasound devices
works hand-in-hand with contrast media. In the
past, we were lucky to find the middle cerebral
artery main stem. Nowadays, we see smaller arter-
ies, branches and veins, we can reconstruct three-
dimensional pictures and in the future we will
probably be able to assess brain perfusion in a
routine procedure or to deliver drugs by
microbubbles to their target organ [18-20].

Brain perfusion in stroke patients using

ultrasound would help to choose the appropriate
blood pressure to maintain perfusion within the
penumbra without unnecessarily increasing the
risk of bleeding and brain edema. The major
principles of contrast-ultrasound-based perfu-
sion measurements are analysis of the bolus
kinetics, analysis of the refill kinetics, and analy-
sis of diminution kinetics. Using the bolus
method, where the contrast is injected as a bolus,
hypoperfused areas in stroke patients can be
visualised and parameter images of wash-in and
wash-out curves can be generated off-line.
Basically, the hypoperfused area will show lower
and slower contrast agent filling. The theory on
the refill kinetics is based on the destruction of
the contrast agent bubbles and the measurement
of its reappearance during constant infusion.
This technique enables the investigator to calcu-
late quantitative parameters for the description
of the cerebral microcirculation, being less
affected by the depth dependence of the contrast
effect. These parameters, too, can be visualised
as parameter images [21, 22]. The opposite of
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refill kinetics analysis is the analysis of diminu-
tion kinetics caused by destruction of the
microbubbles [21]. In the context of assessment
of brain perfusion, non-harmonic imaging tech-
niques and harmonic imaging techniques are
used. Harmonic imaging relies on the following
principles: with increasing ultrasound pressure
the gas bubbles start to swing in resonance, thus
producing harmonics. Microbubbles from con-
trast-media produce more harmonics than solid
tissue. The combination of harmonic imaging
with echocontrast permits a very effective sup-
pression of tissue-related artifacts and as well as
the detection of blood flow in very tiny vessels
[22-24]. Pulse-inversion harmonic imaging is a

technique where two ultrasound pulses with a
phase shift are emitted. This causes extinction
when thrown back from normal tissue. However,
contrast agent bubbles cause harmonics that do
not lead to extinction [25].

Another potential application of microbubble
technology in the cerebral circulation is ultra-
sound-mediated drug delivery. In this applica-
tion, microbubbles can be loaded with drugs and
then burst by ultrasound energy in the target
vessel or organ. This could allow for the local
delivery of thrombolytic agents, such as delivery
directly to a thrombus in the middle cerebral
artery main stem [20]. The process of lysis could
concomitantly be monitored by TCCD.

Key Points

+ Neurosonological investigations of the extracranial and intracranial brain-supplying ar-
teries are helpful for the assessment of stroke and stroke-prone patients.

+ Gas-filled microbubbles have a strong echo-enhancing effect and produce enhancement
for several minutes, enabling the sonographer to perform the investigation with a single
injection or 2-3 repeated injections without use of an injection. Echocontrast agents pro-
vide better delineation of normal blood flow, occlusions, pseudo-occlusions, stenoses,
and collaterals in the extracranial and intracranial vascular beds. They are of particular
value during transcranial colour-coded duplex investigations via the temporal and occip-
ital window and help to avoid unnecessary, expensive and potentially harmful addition-
al investigations such as intra-arterial digital subtraction angiography (DSA).
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Contrast Ultrasound in Cerebrovascular
Disease and Stroke Management

Eva Bartels

Introduction

Over the past decade there has been a rapid evo-
lution in the development of contrast agents to
increase the backscattered ultrasound signal.
The effect of ultrasound contrast agents is based
on the presence of microscopic particles that
enhance and augment ultrasound information. A
variety of fluids have been used as conventional
contrast agents, from the hand-agitated saline
used initially, to the suspension of microair, or
microgasbubbles with a diameter of less than 10
micrometers that is used today.

The most substantial advance in the use of
contrast agents was the development of stabi-
lized contrast agents capable of crossing the pul-
monary vasculature, a specific region of interest
(ROI) to be examined - e.g., myocardium, liver,
kidney, extra- and intracranial cerebral vessels -
following intravenous administration [1-3]. The
stability of the bubbles was increased by the
introduction of an encapsulating shell to prevent
gas loss, and the optimizing of surface tension
and viscosity of the agent. Currently available
transpulmonary products comprise stabilized
microbubbles filled either by air (first-genera-
tion contrast agents) or by an inert gas (second-
generation contrast agents) [4, 5].

In neurosonology, ultrasound contrast agents
can be used to improve the insonation condi-
tions (e.g., in the case of an insufficient temporal
bone window in transcranial imaging) and/or to
enhance the backscattered signal from the blood
vessels in the case of reduced blood flow veloci-
ties in pathological situations (e.g., in an occlu-
sive disease of an artery supplying the brain).

The purpose of this chapter is to describe
indicative situations in which the application of
contrast agents would provide an additional
diagnostic benefit for patients with cerebrovas-

cular disease and to illustrate these with typical
contrast-enhanced ultrasonographic findings of
the extra- and intracranial brain-supplying
arteries. The findings were selected with a view
to their relevance for routine diagnostics in
stroke prevention and in stroke management.
The last part of this chapter describes findings in
the evaluation of cerebral perfusion deficit in
stroke patients using the contrast agent
SonoVue.

SonoVue is a novel second-generation ultra-
sound contrast medium, consisting of microbub-
bles stabilized by a highly elastic phospholipid-
shell. It consists of sulfur hexafluoride (SF6), an
innocuous, poorly soluble gas, which is eliminat-
ed through the lungs [6, 7]. In the previous chap-
ter of this book, Droste describes the properties
of SonoVue and practical considerations regard-
ing its injection. The safety issues involving this
substance were also covered. In our experience,
SonoVue is well tolerated in all patients and
there have been no side effects observed in asso-
ciation with its use.

Contrast-Enhanced Evaluation of
the Extracranial Brain-Supplying
Arteries

In the contrast-enhanced sonographic evalua-
tion of the extracranial brain-supplying arteries,
it is possible to obtain more detailed information
about the anatomical course of the cerebral ves-
sels and about the pathological conditions, espe-
cially if the native scanning is insufficient. If a
low-velocity flow is detected, the technical
parameters of the sonographic system should
first be adjusted to optimize the examination, as
follows:
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+ Pulse repetition frequency (PRF) should be
set to the lowest value.

+ The color box should be as small as possible.

« The frame rate and the wall filter have to be
adjusted.

+ The global gain and intensity threshold need
to be optimized.

If a proper assessment of the structures of
diagnostic interest is not possible after the sys-
tem settings have been adjusted, the use of con-
trast agents should be considered [8].

The origin of the internal carotid artery is the

most frequent site of atherosclerosis in cere-
brovascular disease. Therefore, in the extracranial
sonographic examination, a reliable assessment of
the proximal segments of the internal carotid
artery is crucial in the management of patients
with stroke risk. Ultrasound contrast agents have
proven useful in the quantification of high-grade
stenoses of the internal carotid artery, which can
only be suboptimally imaged - if at all - by means
of native sonographic examination [9] (Fig. 1).
Additionally, ultrasound agents provide a clear
diagnosis, if the distinction between pre-occlusive
stenosis and occlusion is difficult (Fig. 2).
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Fig. 1a-c. Stenosis of the right internal carotid artery in a 60 year old patient with an acute ischemia in the right middle cerebral artery
territory. a View of the origin of the right internal carotid artery. Due to acoustic shadowing, an adequate assessment of the area of steno-
sis (arrow) is not possible. b After application of SonoVue, color-coded flow signal with an aliasing phenomenon can be registered. In this
region, Doppler spectrum shows an increase in angle-corrected maximum systolic flow velocity to 219 cm/s, indicating a moderate steno-
sis (the white signals in the Doppler spectrum represent the bubbles of the contrast agent SonoVue). ¢ MR-angiography shows a stenosis
of the right internal carotid artery (arrow)
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Fig. 2a-d. Occlusion of the left internal carotid artery in the same patient
demonstrated in Figure 1. a Insufficient view (B-mode) of the origin of the
left internal carotid artery because of difficult insonation conditions. b After
application of SonoVue, no color-coded flow signal in the internal carotid
artery can be registered. In this region, the Doppler spectrum is pathologi-
cal due to an occlusion (the Doppler curve has no diastolic component) (c).
d MR-angiography shows an occlusion of the left internal carotid artery

(arrow)
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Detection of low blood flow velocities in
cases of dissection is easier using echo-contrast
agents in ultrasonography of the extracranial
vertebral arteries [10, 11]. Under difficult exami-
nation conditions, it is possible to differentiate
better between a hypoplastic vertebral artery
and an occlusion at the origin (Fig. 3).

Contrast-Enhanced Evaluation of
the Intracranial Arteries Supplying
the Brain

With the aid of an echo-contrast agent, examina-
tion with transcranial Doppler sonography as
well as color-coded duplex ultrasonography is
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possible even in patients with an unfavorable
acoustic bone window [1, 12]. Following intra-
venous injection of the first-generation contrast
agent Levovist, the backscattered signal can be
enhanced up to 25 dB because of a transient in-
crease in echogenicity of the blood [13]. Figure 4
illustrates a contrast-enhanced study of the pos-
terior circulation, which offers more detailed in-
formation about the anatomical course of the
basal cerebral arteries. After application of
SonoVue, a longer stretch of the basilar artery is
visible. Furthermore, the posterior inferior cere-
bellar artery (PICA), the anterior inferior cerebel-
lar artery (AICA), and the superior cerebellar ar-
tery can be displayed. Better visualization of the
intracranial arteries facilitates the diagnostic as-
sessment of pathological conditions.

Fig. 3a, b. Hypoplasia of the right extracranial vertebral
artery in a 62 year old patient. a Insufficient B-mode image of
the midcervical course of the right extracranial vertebral
artery. After application of SonoVue a weak color-coded sig-
nal in the vessel lumen can be detected. Under difficult exam-
ination conditions, using echo-contrast it is possible to better
differentiate between a hypoplastic vertebral artery and an
occlusion at the origin. The diameter of the artery is 2.1 mm.
b MR-angiography shows a hypoplasia of the right vertebral
artery. RVA = right vertebral artery, C5 = 5t vertebra, C6 = 6t
vertebra
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The results obtained from a multicenter, open-
label, randomized cross-over study investigating
the diagnostic potential of SonoVue using tran-
scranial color-coded duplex sonography (TCCS)
confirm this clinical observation [14].In a group of
forty patients, echo-enhancement contributed to
converting a non-diagnostic study into a diagnos-
tic one in more than half of the indications (in
66%),and increased the confidence of diagnosis in
74%. In a non-trial situation, this would have al-
lowed the diagnosis to be reached more quickly.

In patients with acute stroke, cerebral
ischemia is most often due to thromboembolic
occlusion of an artery supplying the brain. Using
transcranial color-coded duplex sonography as a
complementary mobile procedure, the intracra-
nial occlusion can be examined non-invasively at
the bedside. The aim of therapeutic intervention
is to restore or improve the blood supply. To
make good treatment decisions, early, reliable
information about the condition of the arteries

Fig. 4a, b. Patient with an insufficient occipital insonation
window before (a) and after (b) application of SonoVue. Color
mode, normal finding. After application of SonoVue, more
detailed information about the anatomical course of the basal
cerebral arteries can be obtained. BA = basilar artery, RVA =
right vertebral artery, LVA = left vertebral artery, AICA = ante-
rior inferior cerebellar artery

of the Circle of Willis is necessary [15].

Especially in those patients whose baseline
scans are not of good quality, contrast-enhance-
ment is of great value to improve the diagnostic
results (Fig. 5). For further diagnostic steps and
for therapy in cases of an occlusion in a middle
cerebral artery, it is important to know whether
failure to visualize a cerebral vessel is due to
methodological problems or to a pathological
condition. The absence of a color-coded signal
for the middle cerebral artery is indicative of an
occlusion, if a good contrast-enhanced signal for
the ipsilateral posterior cerebral artery can be
displayed (Fig. 6). In a posterior circulation, con-
trast-enhancement is needed in many cases for
an unequivocal diagnosis of high-grade stenosis
of the intracranial vertebral or basilar arteries,
although no data from systematic large series are
available [12, 16] (Fig. 7). A further advantage of
TCCS lies in the monitoring of stroke patients
during and after therapy.
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Fig. 5a-d. Stenosis of the right middle cerebral artery in a 60 year old patient with acute ischemia in the right middle cerebral artery ter-
ritory. Extracranial ultrasonographic findings are shown in Figure 1 and 2. a Native transcranial color-coded image using a right transtem-
poral approach. The area of the stenosis of the right middle cerebral artery (MCA) cannot be visualized clearly (arrow). b Blooming effect
after the injection of the contrast agent. ¢ The stenotic region can be better displayed after application of the contrast agent SonoVue. The
Doppler spectrum at the site of the stenosis shows an increase in angle-corrected maximum systolic flow velocity to 187 cm/s, indicating
a moderate stenosis (the white signals in the Doppler spectrum represent the bubbles of the contrast agent SonoVue). d Magnetic reso-
nance angiogram of a stenosis of the right MCA. The left MCA is filled by a hypoplastic left anterior cerebral artery (arrow) and shows a
weak signal due to an extracranial occlusion of the left internal carotid artery at the origin. R MCA = right middle cerebral artery



[11.2 « Contrast Ultrasound in Cerebrovascular Disease and Stroke Management 137

Fig. 6a-d. Occlusion of the right MCA in 26 year old patient with a dissection of the right internal carotid artery. a Native transcranial
color-coded image using a right transtemporal approach with an unfavorable temporal bone window. The visualization of the basal cere-
bral arteries is of insufficient quality, only fragments of the arteries are visible. (1) No detectable signal of the right middle cerebral artery
(MCA); (2) signal of the right posterior communicating artery; (3) left posterior cerebral artery (PCA); (4) left MCA; (5) A2 segment of the
left anterior cerebral artery (ACA). b Blooming effect after the injection of the contrast agent. ¢ After application of an echo-contrast agent,
good visualization of the contralateral (/eff) MCA, PCA and ACA and ipsilateral (right) PCA. There is no signal registered for the right MCA
(arrow). MCA, middle cerebral artery; PCA, posterior cerebral artery; ACA, anterior cerebral artery. d Magnetic resonance angiogram of an
occlusion of the right MCA (arrow). The intracranial segment of the right internal carotid artery shows a weak signal due to a dissection
at the origin
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Fig. 7a-d. Findings in a 72 year old patient with vertebrobasilar TIA. Clinical symptoms: double vision, vertigo, dizziness. The native
extracranial sonography revealed non-stenotic heterogeneous plaques at the bifurcation and a difference in the sides regarding flow of
the extracranial vertebral artery (right>left). No signs of a distal flow obstruction were found. The transcranial examination showed no
pathological findings. The findings of the basilar artery revealed normal signal up to a depth of 90 mm. In response to the pathological
MRA findings, which revealed a high-grade, short-length stenosis of the basilar artery and the intracranial left vertebral artery, for further
therapeutic decision making, targeted sonographic examination with the contrast agent SonoVue was performed. Using a suboccipital
insonation, we recorded a high-frequency Doppler signal at the depth of 120 mm and found an aliasing phenomenon as an indication of
a middle-grade stenosis. As a result of the contrast-enhanced intracranial examination, a better assessment of the stenosis was possible,
providing a better basis for the consequent therapeutic decision. The patient was treated with antithrombotic agent and his condition
has improved. a Suboccipital insonation - native image. Visualization of the vessels is insufficient. The signal of the basilar artery can be
recorded only to a depth of 80 mm. The Doppler spectrum at this depth is normal, maximum systolic blood flow velocity is 66 cm/s, and
there are no signs of a distal flow obstruction. b Suboccipital insonation — contrast-enhanced image. Visualization of the vessels is better,
and possible to a greater depth. The signal of the basilar artery can be recorded to a depth of 120.1 mm. The Doppler spectrum shows a
low-to-moderate grade stenosis. Maximum systolic blood flow velocity is slightly increased (104 cm/s), and there are no signs of a distal
flow obstruction. ¢ CT-angiography and (d) MR-angiography show a stenosis of the basilar artery and hypoplasia and stenosis in the
intracranial V4 segment of the left vertebral artery
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Evaluation of Cerebral Perfusion
Deficit in Stroke Patients

The use of echo-contrast agents in the color-
coded examination of the extra- and intracranial
brain-supplying arteries has already become
part of the clinical routine for the diagnosis of
cerebrovascular disease. At present, further clin-
ical research is focused on the imaging of blood
flow in the capillaries of the brain parenchyma
and on the evaluation of cerebral perfusion with
the aim of imaging the cerebral perfusion deficit
in stroke patients. Based on experience from
myocardial perfusion imaging, several reports
have recently been published on the imaging of
cerebral perfusion [17, 18].

The catalyst for further progress in contrast
ultrasound was the advent of harmonic imaging
technology during the second half of the 1990s
[19-21]. When exposed to the ultrasound beam,
microbubble contrast agents oscillate. These
oscillations have a strong tendency to produce
resonance, and the resonant frequency of
microbubbles happens to be within the range of
diagnostic ultrasound. With increasing transmis-
sion power, the bubbles show an increasingly non-
linear response (i.e., the backscattered signal con-
tains frequencies that differ from the insonating
frequency and the returned signal is thus distort-
ed). The non-linear signals contain overtones or
harmonic and subharmonic signals at multiples
and fractions of the insonating frequency. The
second harmonic signal, which occurs at twice the
incidence frequency, is used in a new ultrasound
technique known as second harmonic imaging
[22-25]. When the energy of the insonating beam
is further increased to mechanical indexes (MI)
greater than approximately 0.3, there is a corre-
sponding rise in the destruction of the microbub-
bles. This destructive process is very fast, taking
place during a single or a few ultrasound pulses
during which a strong and highly non-linear sig-
nal is returned from the bubble. It is called ‘stim-
ulated acoustic emission (SAE)’ or ‘loss of correla-
tion (LOC) -imaging’ and is a specific high MI
imaging modality.

In the applications where the microbubbles
need to be preserved (e.g.,in imaging of very low
blood flow velocities in the capillaries of the
brain parenchyma), the low MI imaging modali-
ty is a preferred approach. Different techniques
such as pulse-inversion harmonic imaging,
power modulation, harmonic power Doppler
imaging, and contrast pulse sequencing are
described to evaluate perfusion in microcircula-

tion [26]. For quantification of brain tissue per-
fusion, bolus injection kinetics, refill injection
kinetics or diminution kinetics are currently
being explored. After a bolus injection of the
contrast agent, time intensity curves with wash-
in and wash-out phases can be analyzed. Postert
and Seidel were able to measure time-intensity
curves through the intact skull with transcranial
sonography using the bubble response from the
contrast agents Levovist and Optison, respective-
ly [27-30]. They showed that the examination is
feasible not only in young adults with a good
acoustic temporal bone window. The value of
this diagnostic method could also be demon-
strated in pathological conditions, e.g., in
patients with acute hemispheric stroke [31, 32].

In the therapy of acute stroke, an early assess-
ment of the hypoperfused area and the quickest
possible treatment and reperfusion of the
ischemic deficit is necessary for an optimum
clinical outcome. The size of the ischemic area
plays an important role in prognosis. With cra-
nial computed tomography, the early ischemic
signs may only be visible several hours after the
onset of the acute symptoms. For this reason,
imaging of the hypoperfused region is preferably
performed by magnetic resonance imaging
(MRI) techniques. Using perfusion- and diffu-
sion-weighted MRI (PWI, DWI), the permanent-
ly damaged tissue as shown in DWI can be dis-
tinguished from the potentially salvageable tis-
sue (following the so-called “mismatch theory”)
within minutes to hours after onset of the first
symptoms [33]. However, MRI examination is
still not widely accessible in the early manage-
ment of stroke. Therefore, ultrasound techniques
could be considered as a possible diagnostic
alternative for the early visualization of the
ischemic area. The main advantage in compari-
son to the MRI techniques is the bedside applica-
tion and the real-time results of the sonographic
examination.

However, at the present time, imaging of cere-
bral perfusion is limited because of methodolog-
ical problems, especially if the temporal bone win-
dow is not suitable for the insonation [34, 35]. The
higher MI needed to penetrate the temporal bone
window is one of the key restraints in transcranial
sonography. To learn more about cerebral perfu-
sion sonography (and to avoid the temporal bone
problem), our group performed a study on the
contrast imaging of cerebral perfusion deficits in
acute stroke patients following decompressive
craniectomy [36] (Figs. 8-10). This study, in which
a lower MI was used, demonstrated the capabili-
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Fig. 8a-c. Transcranial B-mode sonography in the axial diencephalic plane in a 49 year old female patient with malignant MCA infarction
following decompressive craniectomy before (a) and after (b) application of the contrast agent. The region of the perfusion deficit is hy-
poechoic on both images and is marked by the red circle. After application of the contrast agent, the area of hypoperfusion is clearly delin-
eated. The ipsilateral thalamus and adjacent area of the infarct area near the midline (further from the penumbra) show hyperperfusion. ¢
Time intensity curves showing the mean intensity values in the infarct area, thalamus ipsi- and contralaterally and in the frontal lobe ipsi-
laterally. No increase of intensity in the infarct area (red line), whereas in the ipsilateral thalamus and midline area (blue line) hyperperfu-
sion with a clear increase of intensity can be observed. After the bolus effect of approximately 9 seconds, a steady-state plateau with high-
er intensities than the baseline intensities can be observed. Arrow: injection of the contrast agent (Reprinted with permission [36])

Fig. 9a-f. Calculation ofimage parameters demonstrated
in the same patient in Figure 8.aView of a background im-
age (before application of the contrast agent) established
by averaging six non-enhanced images. Arrow: midline
shift, two arrows: hypoperfusion in the infarction area. b
Contrast-enhanced B-mode image showing better delin-
eation of the structures of the cerebral parenchyma. Ar-
row: midline shift, two arrows: hypoperfusion in the infarc-
tion area, *: brain stem, O: cerebellum. c View of a difference-
image created by subtracting the intensity of the back-
ground image from the contrast-enhanced image. d View
of the difference-image transferred in color. e CT scan show-
ing status following decompressive craniectomy and the
area of the malignant space-occupying infarction in the
left MCA territory. f Superimposition of (d) and (e) demon-
strating the good correspondance of the CT and ultrasound
findings (Reprinted with permission [37])
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ty of the contrast agent SonoVue to image cerebral
perfusion and the less perfused areas of the brain.

Building on our experience from this report,
in our most recent preliminary study we evaluat-
ed the feasibility of analyzing cerebral perfusion
deficits using a new contrast imaging technolo-
gy, namely Cadence contrast pulse sequencing
technology (CPS), in addition to the contrast
agent SonoVue. In this study, continuous and
triggered registrations with pulsing intervals of
1000 ms were performed. The MI was set at 1.1

for the triggered registration and at 0.28 for the
continuous registration [37].

Using CPS imaging technology in young,
healthy volunteers with a good insonation tempo-
ral bone window, the distribution of the contrast
agent was easier to detect than in previous stud-
ies. The contrast-enhanced signal could also be
well recognized in the contralateral hemisphere
right up to the skull crown, because the depth-
dependent attenuation of the backscattered ultra-
sound waves was less pronounced (Fig.11).

Fig. 10a, b. Transcranial B-mode sonography in a 69 year old man with malignant MCA infarction and a secondary hemorrhage in the
ischemic area, following decompressive craniectomy. a After application of the contrast agent SonoVue, the hypoechoic area of perfusion
deficit can be recognized (black arrows) in the modified diencephalic insonation plane. b CT scan of status following decompressive
craniectomy due to malignant MCA infarction showing a secondary hemorrhage in the infarction area
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Fig. 11. Contrast-enhanced transcranial B-mode sonography in the axial diencephalic plane in a 23 year old healthy volunteer after intra-
venous application of the contrast agent SonoVue (/eft), and the time-intensity curves in the ipsi- and contralateral MCA territories (right),
showing the mean intensity values and a good distribution of the contrast agent after 15 seconds - not only ipsilaterally, but also on the con-
tralateral side. Triggered registration with a pulsing interval of 1000 ms (Ml = 1.1). Raw data is shown in dotted lines. The trend lines more
clearly depict the perfusion dynamics (the region of interest marked with a blue circle and a blue line shows higherintensity values than those
measured in the neighbouring regions, as it was placed in the area of the left middle cerebral artery) (Reprinted with permission [37])
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Fig. 12a-d. Contrast-enhanced transcranial B-mode sonography
images in the axial diencephalic plane and time-intensity curves
in a 62 year old man with a recent infarction in the right MCA ter-
ritory and an old infarction in the left MCA territory. a Right tem-
poral insonation showing a perfusion deficit in the right MCA area,
using a triggered registration with a pulsing interval of 1000 ms
(MI=1.1). b above, using a continuous registration (MI=0.28).
c Left temporal insonation showing a perfusion deficit in the old
left MCA infarct area (red line), and the recent perfusion deficit on
the contralateral side (blue line). Triggered registration with a
pulsing interval of 1000 ms (MI=1.1). d MR imaging shows old left
temporal infarction and recent right temporal infarction (FLAIR
sequence). Raw data is shown in dotted lines. The trend lines more
clearly depict the perfusion dynamics. The region of the ipsilateral
perfusion deficit is hypoechoic on all three images and is marked
by a red circle. Note the acoustic shadowing behind the old infarct
zone that can lead to misinterpretation (c) (Reprinted with per-
mission [37])
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In the group of older stroke patients with
poorer insonation conditions, the distribution of
the contrast agent and the detection of the less
perfused areas were possible not only ipsilateral-
ly, but also contralaterally in about one third of
the patients (Fig.12).

Pitfalls in the assessment of intensities in
ischemic regions occur if the ROI selected is over
a vessel (e.g., the branch of a middle cerebral
artery). Moreover, in evaluating the intensities of
smaller lesions, mistakes can occur due to a lim-
ited spatial resolution, if the ROI also covers
parts of a non-affected brain region.

Furthermore, careful adjustment of the posi-
tion of the transducer during the insonation is
critical and errors here render the evaluation
problematic since slight shifts in transducer
placement can make exact calculations of perfu-
sion values and time-intensity curves impossi-
ble.

Future Aspects

In clinical practice, recently developed sonographic
techniques, such as harmonic power Doppler imag-
ing, or CPS technology, offer new perspectives for
the imaging of organ perfusion.

Much effort has been invested in the develop-
ment of targeted ultrasound contrast agents using
ligands (e.g., specific drugs) with the aim of trans-
porting them to a specific site.

Under certain conditions, microbubbles could
be used as a therapeutic agent. At present, different
research groups are investigating the combination
of tissue plasminogen activator (tPa) therapy with
application of microbubbles in stroke patients.It has
been demonstrated that thrombolysis is potentiat-
ed by concomitant ultrasound treatment [38, 39].

In cerebral ischemic disease, another possible
therapeutic application of microbubbles is the de-
livery of genes mediating neuroprotection, nerve re-
growth, and revascularization.

Key Points

+ In neurosonology, ultrasound contrast agents improve the insonation conditions - e.g., in
the case of an insufficient temporal bone window in transcranial imaging. They enhance
the backscattered signal from the blood vessels in cases of reduced blood flow velocities
in pathological extra- and/or intracranial conditions.

« In extracranial examination, echo-contrast agents allow a clear diagnosis, if the distinction
between pre-occlusive stenosis and occlusion is difficult.

* An easier visualization of the intracranial arteries facilitates the diagnostic assessment of
the obstruction in the middle cerebral artery and/or basilar artery flow of patients with
acute stroke.

« Ultrasonographic imaging of cerebral perfusion is possible using echo-contrast agents. Fur-
ther improvement in sonographic technology is necessary to increase the diagnostic reli-

ability of contrast-enhanced imaging of cerebral perfusion deficit in stroke patients.
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Introduction

Technological development of colour Doppler
equipment (CD) has enabled endovascular flow
phenomena to be more easily understood, but
this imaging technique is still limited by some
physical restrictions [1, 2].

In fact, the more haematic flow velocity is
reduced, the less CD sampling is able to distin-
guish colour signals coming from vessel walls
and surrounding tissues from those derived
from corpuscular haematic components. This
difficulty gives rise to an intrinsic CD artefact
that remarkably affects its diagnostic efficacy,
particularly in physiological or pathological
‘slow flow’ conditions.

In clinical practice, the less favourable haemo-
dynamic situation occurs in ‘stationary’ flow con-
ditions, such as aneurysmatic dilations, hyperse-
vere stenoses or peri-vascular hemorrhagic collec-
tions. Neither modern technologies such as pow-
er Doppler (Energy), nor the grey-scale coding of
flow phenomena (B-flow) are able to overcome
these limitations [3].

Microbubbles are the corpuscular compo-
nents of ultrasound contrast agents and are
detected and depicted in real-time also in
extremely reduced flow, if a dedicated and suffi-
ciently sensitive ultrasound system is used [4, 5].

Low Mechanical Index (MI) techniques, such
as contrast-enhanced ultrasound (CEUS) achieve
this goal as they obtain a more linear contrast
media signal owing to almost absent microbubble
destruction and a more proportional ratio
between bubble concentration and signal entity.
In addition, through a subtraction of the signal
coming from steady tissues, it strongly enhances
even low concentrations of microbubbles.

For these reasons, it is easy to understand
how this approach has recently found many
fields of application with a real clinical interest.

Abdominal Aortic, lliac and Visceral
Aneurysmatic Dilatations

Ultrasound diagnosis of abdominal aortic
aneurysms (AAA) is based on evaluation of the
dimensions of the involved vessel, basically, on
its transversal diameter; this information is eas-
ily obtained with the bare grey-scale image even-
tually integrated by CD module morpho-func-
tional evaluations (Fig. 1).

On the other hand, the identification of a
peripheral intra-aneurysmatic thrombus is
sometimes difficult using B-mode and the CD
module in particular, because of the extremely
reduced flow velocity inside a dilated lumen;
parietal thrombi are also usually variably hypoe-
choic.

For the same reasons, it is sometimes difficult
to detect false flow chambers with the CD mod-
ule, due to the dissection of endo-aneurysmatic
thrombus. On the other hand, some artefactual
intrathrombotic CD signals may be depicted
erroneously, due to the movement of these struc-
tures (Figs. 2, 3).

CEUS permits the correct definition of
thrombi profiles, thanks to a ‘contrastographic’
hyperechoic depiction of blood flow; ulcerations
or thrombotic dissections, supplied with blood
flow, are easily detectable as well, and are not
dependent on blood flow velocity (Fig. 4).

Even if this morphological information is not
essential for the evaluation of the seriousness of
aneurysmatic disease, it may result in the diag-
nosis of ‘instability’ and sometimes be an
unfavourable sign, especially in association with
abdominal pain.

In the case of a rupturing abdominal aortic
aneurysm, when clinical conditions permit an
imaging approach, CEUS is able to rapidly diag-
nose the aneurysm and also any haematic
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Fig. 1a, b. Abdominal aortic aneurysms (AAA). a, b Transverse US and (D scans of the aorta. An abdominal aorta aneurysm with ante-
rior parietal thrombus is depicted (a). With this approach, the aneurysmatic transversal diameter is detected. b A peripheral thrombus,
particularly thick in its anterior part, surrounds the flow chamber; CD outlines the smooth and regular thrombus surface

Fig. 2a-d. Large abdominal aortic aneurysm with inhomogeneous solid and fluid thrombus. a, b Transverse and longitudinal US and CD
scans of the aorta. An approximately 5 cm large abdominal aortic aneurysm is presented with a thin, irregular, hyperechoic thrombus,
which is 2 cm thick, delimiting the flow chamber. There is a significant, finely corpuscolar, fluid component in the left antero-lateral region,
peripheral to the thin hyperechoic thrombus. The colour Doppler image of this fluid shows the presence of some sporadic colour signals
(in blue). ¢, d Transverse and longitudinal CEUS scan of the aorta. The use of a contrast-specific harmonic algorithm performed at a low
mechanical index nearly completely canceled out the signals derived from the stationary anatomic structures. Only minor signals from the
thrombus remain (the thrombus is markedly hyperechogenic in baseline US). Approximately 20 seconds after administration of the con-
trast medium, hyperechogenic microbubbles appear and remain confined into the flow lumen delimited by the thin thrombus. No vascu-
lar phase shows signs of passage of the contrast medium into the fluid component of the thrombus
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Fig. 3a-c. AAA surrounded by a parietal layered thrombus, not supplied with blood. a Transversal scan, B-mode. An AAA with homoge-
neous peripheral thrombus with a layered anechoic appearance (green arrow) is detected; the true lumen is located laterally, on the right.
b Transversal scan, colour Doppler. A chromatic signal is detectable both inside the residual lumen and in the anechoic layer of the throm-
bus (in red), potentially supplying inflow (green arrow). ¢ Transversal scan, CEUS. The aortic lumen is enhanced; inside the thrombus and

its anechoic portion no signal of contrast agent is demonstrable

Use of CEUS is less common in emergency
situations.

In the case of dissecting abdominal aortic
aneurysms, both flow lumina are opacified and
hyperechoic with CEUS; contrastosonographic
kinetics help to differentiate the high flow aortic
lumen from the low delivery flow lumen; the pre-
cocious enhancement permits correct identifica-
tion and definition of the true lumen (Fig. 7).

In the case of extra-aortic aneurysmatic dis-

ease, involving small calibre or distal vessels
(iliac, renal or splanchnic), CEUS rapidly identi-
fies the vascular nature of these lesions; the time
of transit and the intensity of contrastographic
phenomena distinguishes the arterial from the
venous nature (Fig. 8).

Any thrombotic endo-aneurysmatic deposi-
tion may be easily diagnosed using contrast
agents, for example, in the aorta.
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Fig. 4a-c. Abdominal aorta aneurysm. a Transversal scan, B-mode. An abdominal aortic aneurysm with an inhomogeneous, hypoechoic,
peripheral thrombus is detectable; a correct evaluation of the thrombus surface and therefore of the diameter of the residual lumen is
prevented, because of its morphological appearance. b Transversal scan, CEUS. The aortic lumen is homogeneously enhanced by contrast
agent, appearing hyperechoic; the peripheral thrombus inner surface is remarkably irregular. ¢ Helical angio-CT corresponding scan.
Contrast agent outlines the thrombus profile; in such a situation, the residual lumen is well depicted and so is the presence of large pen-
etrating atheromasic ulcers

Fig. 5a-h. Rupturing abdominal aortic
aneurysm. a Transversal angio-CT scan. A
wide parietal thrombus delimits a small
flow chamber posteriorly located in this
aneurysmatic sac. b Transversal scan, US.
Marked inhomogeneous and hypoechoic
appearance of peri-aneurysmatic tissues
on the left side; the aneurysm has an iden-
tical caliber to the previous scan (yellow
arrows). ¢-h Trasversal scan, CEUS. After
contrast injection, the flow lumen
enhances; an irregular hyperechoic image
branches off the flow lumen into an ante-
rior thrombus (green arrows), correspon-
ding to the dissection seat; a small
amount of contrast agent is detectable
inside the peripheral tissues, which are
hypoechoic (h) due to the presence of a
minimal blood supply in the peri-aneurys-
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Fig. 6a, b. Breaking AAA with para-aortic retroperitoneal haematoma supplied with blood flow. a Transversal scan, B-mode. Large AAA.
b Transversal scans, CEUS. In b the aortic lumen is enhanced by contrast agent; in the left retroperitoneal para-aortic space a hypoechoic
semilunar mass (green arrows) corresponding to haematoma is depicted, in which two hyperechoic, vascularised areas are evident, cor-
responding to active supply (yellow arrows)

Fig. 7a-f. Dissecting abdominal aorta aneurysm. a Longitudinal scan, B-mode. The abdominal aorta is slightly enlarged; in its lumen a
thin hyperechoic laminar image corresponding to dissected intima is detected (yellow arrow). b Longitudinal scan, CD. Two flow cham-
bers with different velocity rates are depicted with CD; the posterior lumen has a high flow velocity (true lumen: green arrow) while ante-
rior chamber has a slow flow velocity (false lumen: white arrow). c-d Longitudinal scan, CEUS. After contrast administration (c), the pos-
terior lumen (true lumen: green arrow) enhances rapidly and homogeneously in early phase; in late phase (d) the false lumen (anterior:
white arrow) enhances homogeneously as well. e-f Angio-CT, trasversal plane. The abdominal aorta is slighty enlarged; the dissected flap
divides the vessel in two flow lumina
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Fig. 8a-e. Hypogastric aneurysm. aTransversal scan, B-mode. A small anechoic rounded lesion (yellow arrow) is detected posteriorly and
left laterally to the urinary bladder. b Transversal scans, CEUS. After contrast administration, a homogeneous enhancement inside the
rounded image is already evident in arterial phase (yellow arrow). c-e Angio-CT, transversal plane. In baseline scan (c) the rounded image
is confirmed behind the bladder; it homogeneously enhances in arterial phase (d) and more poorly in late vascular phases (e)

Follow-up of Aortic Vascular
(Percutaneous or Surgical) Grafts

CEUS is a valid and consolidated diagnostic tool
with computed tomography angiography
(angio-CT) for the follow-up of surgically
repaired aneurysms. CEUS is able to demon-
strate the patency of vascular grafts and to
detect any flow signal inside hypo-anechoic
peri-aneurysmatic collections, helping to distin-
guish fluid collections such as seromas or lym-
phoceles from pulsating haematomas or pseudo-
aneurysms (Fig. 9). These last two conditions are
potentially unstable, because they are supplied
with blood flow, and usually require an individ-
ual therapy.

Stenoses of anastomotic seats are easily diag-
nosed and quantified by CD module; high flow

velocities, always associated with these patho-
logic conditions, do not benefit from CEUS.

On the contrary, the indication of CEUS in
early and late follow-up of percutaneous repair
of aneurysms is extremely important; morpho-
logical and functional follow-up must exclude
the presence of recanalisation of the aneurys-
matic sac (endoleak) (Fig. 10) [6-9]. By CEUS,
this phenomenon appears as a hyperechoic sig-
nal (corresponding to contrast agent) inside the
peri-prosthetic aneurysmatic sac and may be
caused by four different phenomena:

+ detachment of any part of the endograft from

aneurysmatic necks (type I)

+ flow inversion inside a collateral vessel (type II)
+ lesion of the endograft covering or rupture

(type III)

+ abnormal porosity of the graft covering (type IV).
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Fig. 9a-d. Surgical aortic stentgraft with peripheral fluid collections. a Transversal scan, B-mode. A linear hyperechoic rounded structure
corresponding to the aortic graft is evident; anteriorly, posteriorly and in right postero-lateral position three anechoic images (yellow
arrows) are detectable peripheral to the prosthesis, but strictly adherent to the prosthesic wall (possibly peri-prosthesic collections or
anastomotic pseudo-aneurysm). b Transversal scan, CEUS. The prosthesic lumen is regularly enhanced by contrast agent; none of the
three collections is filled with contrast, and therefore they are excluded by vascular bed. Periprosthesic collections. ¢-d Angio-RMN and
angio-CT corresponding planes. No vascular supply is detected inside the three collections

Fig. 10a-d. a B-mode transversal scan. Abdominal aortic aneurysm. Inside the sac, iliac prosthesic branches are detectable. Peripherally,
a parietal thrombus with a hypo-anechoic area surrounding the prosthesis is demonstrable (white arrow). b, ¢ Transversal CEUS scan. After
contrast agent administration (c), a hyperechoic signal due to microbubbles appears inside the prosthesis lumen and in the fluid peri-
prosthesic collection (white arrow), in comparison to unenhanced scan (b). Schematic drawing of different endoleak types (d)
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Compared to CEUS, angio-CT, the gold stan-
dard technique, is more panoramic in its evalua-
tion of the graft and native aorta; on the other
hand, it is burdened with intrinsic limitations
mainly due to the use of a potentially nephrotox-
ic contrast agents, which is dangerous for patients
who have impaired renal function [10-13].

CEUS, in the presence of a suitable sonograph-
ic window, permits morphological and function-
al information to be obtained, comparable to that
achieved by angio-CT (Figs. 11,12) [14-18].

Simultaneous application of CEUS and low
MI colour Doppler enables the combination of
morpho-functional data with the ‘direction’
information necessary to comprehend the com-
plex means of residual aneurysmatic sac supply;
these two imaging modalities may identify the

feeding and the efferent artery in the case of type
IT endoleak (Fig. 13).

CEUS also detects type IV endoleak; endo-
graft porosity allows the filtration of contrast
agent through many points of the prosthesis wall
(Fig. 14).

A specific type of leakage, known as ten-
soleak, must be also considered; it appears as a
progressive increase in the diameter of the resid-
ual aneurysmatic sac in the absence of detectable
inflow phenomena. Its cause seems to be related
to arterial pressure transmission from the endo-
graft walls to the peripheral thrombus; the large
aneurysmatic dimensions and the presence of a
inhomogeneous thrombus mixed with fluid
intrathrombotic lacunae seem to favour such
pressure transmission (Fig. 15).

Fig. 11a-c. Type Il Endoleak. a Transversal scan, colour Doppler. The aorto-iliac endovascular graft in the anterior part of the aneurysm
is correctly patent; posteriorly, inside the residual thrombosed aneurysmatic sac, there is a chromatic signal (blue) (white arrow), which is
not easily interpretable (possibly flow or artefact?). b Same, CEUS scans. In longitudinal (c) scan, the graft lumen is patent (hyperechoic);
inside the residual sac, posteriorly to endoprosthesis a thin, hyperechoic, winding flow lumen (green arrows) is detectable (endoleak). ¢
Angio-CT, trasversal plane. Aneurysmatic walls are calcified. The metallic structure of the graft iliac branches are hyperdense and so are
their lumen. The leak is confirmed as a linear hyperdense image (green arrow), posteriorly located to the endovascular graft. There is a
perfect overlapping between the flow phenomena depiction inside and outside the prosthesis of angio-CT and CEUS (b)
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Fig. 12a-d. Type Il Endoleak. a-c Transversal scan, CEUS. Before contrast administration (a), two linear rounded images corresponding
to iliac branches of the prosthesis are evident: the graft lumen and the aneurysmatic sac are hypoechoic. After contrast injection, in early
phase the iliac branches are completely filled with contrast and their lumen appears hyperechoic (b); in late phase, an oval-shaped hyper-
echoic image appears outside the prosthesis, posteriorly to the iliac branches, inside the aneurysmatic sac (yellow arrow) - endoleak (c).
d Transversal scan, angio-NMR. Behind the patent iliac branches of the endoprosthesis, a small oval enhancement is detectable, corre-

sponding to the endoleak

Another advantage of CEUS is linked to the
opportunity of performing subsequent (also dai-
ly) follow-up examinations even at the patient’s
bedside; in such conditions a precise and non-in-
vasive monitoring of the first post-therapy phas-
es is obtained without patient discomfort.

Finally, the recently gained ability to use ded-
icated overlapping systems of ultrasound images
in real-time, baseline and contrast-enhanced,
and CT/magnetic resonance (MR) images should
be mentioned. Fusion imaging is achieved using
a magnetic field (generated by a transmitter)
combined with a small receiver, where position-

ing information is acquired through second-by-
second detection of the US probe.

In these conditions, the dimensions of the
residual peri-prosthesic aneurysmatic sac are
more precisely and easily detectable (baseline CT
image), and at the same time the presence of con-
trast agent inside the vascular lumen, or inside
the peripheral thrombus if a leakage occurs, is
identifiable as well (CEUS image) (Figs. 16, 17).

This system enables the advantages of both
techniques to be enhanced and their intrinsic
limitations to be counterbalanced through infor-
mation integration.
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Fig. 13a-e. Type Il Endoleak (CEUS and low MI CD). a, b Transversal US and (D
scan of abdominal aorta. Two rounded hyperechoic structures corresponding to
the iliac endoprosthesic branches. ¢ CEUS transversal scan. The branches are
enhanced by contrast bubbles; the hyperechoic area placed in the aneurysmal
sac postero-laterally corresponds to the leakage (yellow arrows). d Drawing
depicting the leakage area in the right posterolateral region and the lumbar ves-
sel responsible for the recanalisation. e CEUS and low MI colour Doppler in sys-
tolic phase. Colour signal inside the iliac branch lumen; flow directed towards the
aneurysm corresponding to the lumbar vessel (green arrow) that refills the sac
(type Il endoleak)
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Fig. 14a-i. Type IV Endoleak (due to abnormal porosity of the
prosthesic wall). a, b Digital subtraction angiography. In a a
dilated aneurysm of the abdominal aorta and a slight dilation of
the left common iliac artery are depicted. After endovascular
repair (b) a minimal quantity of contrast agent is detectable
inside the peri-prosthesic sac. c-h CEUS. In the first follow-up
examination (first day after procedure) after contrast adminis-
tration, in early phase, a normal canalisation of the prosthesis
and multiple filtrations of contrast agent (yellow arrow)
through the prosthesic wall are diagnosed (c); in late phase (d)
the peri-prosthesic space is hyperechoic because of the contrast
amount (green arrows). In the second day follow-up examina-
tion, there is a remarkable reduction of the endoleak phenome-
non and only a small thin flow lumen is detectable in the resid-
ual aneurysmatic sac (e, f). In the fourth day follow-up examina-
tion (g), the aortic prosthesis is still patent and the endoleak is
progressively less evident. In the sixth day follow-up examina-
tion no endoleak phenomena are detectable (h). i Angio-CT.
Before discharge, the iliac branches are normally perfused; out-
side the graft, no contrast agent is detectable
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Fig. 15a-f. Endotension. a US baseline. Large sac with inhomogeneous and ‘fluid’ thrombus; strong hyperechoic structures correspond
to endoprosthesic iliac branches. b Colour Doppler scan. Colour signals in iliac prosthesic branches; inside the residual thrombosed
aneurysmatic sac, there is a chromatic signal (white arrows), not easily interpretable (possible flow or artefact?). ¢ CEUS. The iliac branch-
es enhance with contrast microbubbles; in the sac no hyperechoic sign due to contrast bubbles is detectable. d-f Spiral CT. Absence of con-
trast inside the aneurysmatic sac in early and late phase. No endoleak is evident

Fig. 16a, b. Abdominal aortic aneurysm and fusion imaging US-CD/CT. a Precise correlation between US transversal scan and analogous
baseline CT transversal scan. b Correlation between CD transversal scan and analogous baseline CT transversal scan. The coupling system
enables a comparison in the same screen in ‘real-time’ between US and/or CD images and corresponding CT scan
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Follow-Up After Embolisation and
Guidance for Percutaneous
Intervention

Follow-up of percutaneous embolizing treat-
ments of visceral aneurysms is a further interest-
ing field of application for CEUS.

The presence of metallic intravascular coils
gives rise to the onset of artefacts in CT and MR
images, which may sometimes impair the diag-
nostic efficacy of these imaging tools. CEUS, on the
contrary, is not limited by density artefacts, or by
posterior acoustic shadowing artefacts (Fig. 18).

Any persisting flow signal inside the aneurys-
matic chamber is detectable with CEUS both in
precocious and in late follow-up examinations;
the contrast and spatial resolution of the system
is high enough to provide a significant diagnos-
tic accurary (Fig. 19).

CEUS may also be used as a guidance tool for

Fig. 17a-c. Abdominal aortic aneurysm and
Fusion Imaging CEUS/CT. a CEUS transversal
baseline scan and analogous transversal
baseline CT. Transversal (b) and longitudinal
(c) CEUS scan after contrast administration;
prosthesis is normally patent (yellow arrow)
without any signs of endoleak; in the left of
the screen there are analogous transversal
and longitudinal CT baseline scans

interventional procedures in real-time [19].

Once identified and characterised, the type II
leakage can be excluded percutaneously through
thrombin injection directly into the aneurysmatic sac
using an anterior or posterior approach. CEUS per-
mits the entire procedure to be guided in real-time.

In fact, CEUS enables the operator to identify
the exact position of the leakage, monitoring of
the percutaneous puncture and correct injection
of thrombotic agent. Finally, the procedure out-
comes are evaluated with CEUS, identifying the
persistence of any residual endoleaks and the
determination of the timing of subsequent treat-
ments (Fig. 20).

Follow-up of endoleak percutaneous emboli-
sation is facilitated by a fusion imaging system;
CT, as a reference technique, demonstrates hyper-
dense material in place of the previous endoleak,
showing the area of maximum interest where
CEUS examination should be performed (Fig. 21).
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Fig. 18a-f. Recanalisation of an hepatic artery aneurysm after metallic coil embolisation. a,b Transversal US and CD scan. In B-mode an
oval, 2 cm large image, inhomogeneous in echo-texture and with some internal small hyperechoic spots due to metallic coils, is
detectable. The corresponding CD scan demonstrates some colour pixels inside the aneurysm (possibly due to artefacts or persisting
flow?). ¢ CEUS scan. After contrast administration, a small hyperechoic nidus (yellow arrow) is detectable inside the aneurysm correspon-
ding to an area of revascularisation. d-f DSA and angio-CT. In F, coarse artefacts (red arrow) due to metallic coils prevent the correct eval-
uation of the aneurysm with this technique. DSA: diagnosis (d) and post-embolisation control (e)

Fig. 19a-c. Complete embolisation of a splenic artery
aneurysm with partial ischemia in the middle third of the
spleen. a, b Transversal US and CD scan. In B-mode, an oval
image 15 mm large, echo-structured and hypoechoic, is
depicted medially to the splenic hilum. ¢ CEUS scan. After
contrast agent administration, the splenic aneurysm is
completely unenhanced because of a complete exclusion
(yellow arrows); the triangular mesosplenic hypoechoic
area with apex directed towards the hilum corresponds to
the ischemic lesion (white arrow). The remaining splenic
parenchyma is homogeneously hyperechoic
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Fig. 20a-h. CEUS-guided percutaneous exclusion through thrombin injection of a type Il endoleak (due to recanalisation of inferior
mesenteric artery). a, b Longitudinal and transversal scan, CEUS. A thin flow lumen in the left antero-lateral portion of the thrombus is
demonstrated (a); in B the site of inflow through the inferior mesenteric artery (yellow arrows) is diagnosed. In both scans, the endopros-
thesis is normally perfused. c-f CEUS combined to B-mode scan (at low MI). In ¢, CEUS shows the precise site of revascularisation charac-
terised by a small hyperechoic area (yellow arrow) located in the anterior part of the peripheral thrombus: targeting phase. The prosthe-
sis is normally perfused. Low MI B-mode evaluation (d) permits visualisation of the tip of the needle (green arrow): puncture phase. Low
MI B-mode (e) detects multiple hyperechoic spots in the thrombus corresponding to the thrombosing agent selectively injected in the
leak (red arrow): injection phase. In f, the scheme of the procedure performed via an anterior percutaneous approach is depicted.
g, h Post-procedure B-mode and CEUS examination. B-mode shows some hyperechoic spots (yellow arrow) in the left anterior region of
the thrombus corresponding to injected thrombin. CEUS (h) demonstrates the normal patency of the prosthesis and the absence of con-
trast agent inside the thrombus, even in the position of the previous endoleak

Particular Situations: Diagnosis of
‘Slow’ Extraluminal Flows

A particular field of interest is the evaluation of
extravascular slow flows in active bleeding [20,
21].

CEUS is less panoramic in comparison to
other imaging techniques such as CT, caused by
the physical obstacles of air and bone structures;
on the other hand, its high spatial and contrast

resolution for the representation of contrast
agent justifies the important role of the tech-
nique in post-traumatic and spontaneous
retroperitoneal bleeding, and is thus very fre-
quent nowadays in clinical practice, secondary to
antiplatelet and anticoagulant agents (Fig. 22).

In these situations, even at the patient’s bed-
side, CEUS is able to identify any active bleeding
and to follow the evolution spontaneously or
after embolisation of the collection.
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Conclusions

The recent introduction of B-mode contrast-spe-
cific low MI algorithms (CEUS) has provided a
quality of vascular US imaging similar to other
imaging techniques such as angio-CT, angio-MR
and digital angiography (DSA).

CEUS enables a morphological demonstration
of blood flow to be easily obtained, even when the
speed of the flow is so reduced as to be undetectable
on CD or when movements of anatomical struc-
tures around vessels produce colour artefacts.

CEUS is not nephrotoxic or invasive and so it

Fig. 21a-c. Follow-up evaluation after type Il
endoleak embolisation through CEUS-Low MI CD/CT
fusion imaging. a Transversal Fusion CEUS/low MI
(D scan combined with CT. b Analogous scan after
embolisation. CT detects a hyperechoic material cor-
responding to embolisation materials in the leakage
position (green arrow); the position corresponds to
a. ¢ Analogous follow-up scan. With CEUS, no sign of
leak is detectable; prosthesis is regularly patent. The
precision of the follow-up evaluation is guaranteed
by the corresponding CT image

can be performed even at short intervals, in
order to help determine the patient’s appropriate
therapeutic regime.

Patients can be submitted to CEUS not only
in a Radiology Department, but anywhere in the
hospital (the bedside, Emergency Room, Inten-
sive Care Unit, Surgery).

The diagnostic role of CEUS in vascular stud-
ies is limited to a ‘segmental’ and focused analy-
sis of a specific vascular district, primarily per-
cutaneous aortic prostheses evaluation, because
it is burdened with the same limits as US, i.e., a
limited panorama.
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Fig. 22a-e. Retroperitoneal perfused haematoma. a Left hip transversal scan, B-mode. Expansive inhomogeneous echo-textured lesion
with small anechoic internal areas: probable haematoma. b, c Left hip transversal scan, CEUS. Comparing to baseline CEUS scan (b), in
which a complete cancellation of signal coming from steady tissue is obtained, 60 seconds after contrast administration (c) inside the
haematoma an irregular and hyperechoic image (yellow arrows) becomes evident, corresponding to active bleeding. d, e DSA. The diag-
nostic angiography (d) shows a small nidus on contrast agent corresponding to active bleeding (yellow arrow). After embolisation (e), a
vascular exclusion of the arterial branch afferent to the active bleeding area is demonstrated

Key Points
+ Endoleak is defined as the presence of flow inside the residual peri-prosthesic aneurismatic sac.

+ Contrast-enhanced ultrasound (CEUS) enables the demonstration of vascular prosthesis pa-
tency.

+ The identification of ultrasound contrast agent is not dependent on blood flow velocity; even
very slow flows are therefore depicted with CEUS.

+ Ultrasound contrast agents are a useful tool for intraprocedural guidance for embolization
of visceral aneurysms.
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Contrast-Enhanced Ultrasound of Focal Renal

Lesions

Anders Nilsson

Introduction

Many small things have contributed to advances
in diagnostic ultrasound brought about by con-
trast-enhanced ultrasound (CEUS). Among the
most important are the development of contrast
microbubbles that are stable enough for contin-
uous scanning, at least at low mechanical index,
and ultrasound machine software that enables us
to produce images based on microbubble con-
centration rather than tissue echogenicity. This
enables us to add a vast improvement in contrast
resolution to the already excellent spatial and
temporal resolution of ultrasound images. The
image resolution of ultrasound can then be used
to its full advantage also in patients where other
modalities may not be possible, such as in
impaired renal function or possible allergic reac-
tions. Thus, techniques have been developed
mainly for detection and characterisation of
focal liver lesions [1-3]. As has been pointed out
in previous chapters, the liver is particularly
suited to CEUS, as the microbubbles get trapped
and remain in the sinusoids but are washed out
from tumour tissue.

However, applications are emerging for other
tissues and organs as well. In the kidney, images
based on contrast concentration can improve the
detection of non-perfused focal lesions like
cysts, abscesses, infarctions and post-radio-fre-
quency ablation necroses. Normal renal
parenchyma does not, of course, contain sinu-
soids, but preliminary work suggests that the
perfusion differences between tissues with a
normal capillary bed and the neovascularisation
of tumours can be detected if the pattern of con-
trast-enhancement is followed over time, subjec-
tively or with the aid of analysis programs,
preferably built into the ultrasound machine
itself [4].

Normal Kidney

The established phases of contrast-enhancement
after a bolus injection that are seen in the liver
are not seen in the kidneys due to differences in
blood supply and vasculature. Similarly, howev-
er, different stages of renal enhancement exist
and must be understood in order to avoid misdi-
agnosis. First the arteries enhance followed
closely by a complete fill-in of the cortex. The
pyramids then gradually enhance over the next
30-40 seconds to become isoechoic or almost
isoechoic with the cortex. As there is no accumu-
lation of contrast in the kidneys (as in the sinu-
soids of the liver), the enhancement decreases
with the microbubble concentration in the gen-
eral circulation. When this happens there may
again appear a difference between the cortex and
the pyramids, the latter becoming once more
hypoechoic (Fig. 1).

Cysts

Ultrasound contrast agents are so-called blood
pool agents, i.e., they do not, contrary to X-ray
contrast media, leave the blood vessels. With the
availability of ultrasound machine software that
can detect the differences between an echo ema-
nating from tissue and the signal sent out by a res-
onating contrast bubble, images can be formed
based virtually only on the presence of microbub-
bles. As structures without perfusion will have no
contrast uptake, they will have no brightness in
the image, whether they are in the liver or else-
where in the body, thus remaining dark with an
excellent delineation against normal surrounding
tissue. Simple cysts will then be dark even during
the peak of a contrast bolus even if they contain
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Fig. 1a-d. Normal renal enhancement after an iv bolus. Note the slower fill-in of the pyramids (arrows), also shown by the quantifica-
tion graph, where a ROl has been placed in a segmental artery (red), cortex (yellow) and a pyramid (green)

echoes on native ultrasound. Thus smaller cysts
can be detected. This may possibly be important
in the early detection of conditions like polycystic
kidney disease, but the main advantage is that the
spatial resolution of ultrasound can be used for
characterisation of indeterminate focal lesions
detected on, for example, computed tomography
(Fig. 2) [5]. As the sensitivity for detection of
small amounts of contrast agent is improved in
the newer software programs, possibilities open
up also for detecting thin but perfused septae in
the cysts, possibly indicative of malignancy rather
than simple cysts.

Abscesses, Infarctions and
Ruptures

It is important to remember that CEUS is an
integral part of a complete ultrasound examina-
tion, not a separate entity. Whereas all things

without contrast uptake will have the same
brightness on CEUS, their appearance on native
ultrasound will, of course, vary. Abscesses, espe-
cially when small, may derange normal renal
anatomy but will otherwise contain an
echogenicity that could make them difficult to
detect. On CEUS they will, like cysts, remain
dark. The sharp delineation against normal tis-
sue will enable a detailed assessment of the
lesions shape that may give clues to its nature;
abscesses (like cysts) are often round. Infarctions
and post-traumatic ruptures will, in the same
fashion, appear dark, the spatial resolution of
ultrasound helping in detecting even small
lesions where a fissure can be seen as a narrow
line and infarctions wedge-shaped near the kid-
ney surface [6]. The case history will, of course,
give more information and it could be said that
the most important roles of CEUS are to detect
the lesion and to ascertain that it is indeed non-
enhancing (Figs. 3, 4).
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Fig. 2a, b. Cysts (arrows) show a clear demarcation and no contrast uptake, regardless of size

Fig. 3a-d. Renal abscess with minimal findings on B-mode, but with a clearly demarcated non-enhancing area on CEUS (arrow). After
a CEUS-guided catheter drainage of the abscess, contrast has been injected through the catheter, delineating the abscess, but also sho-
wing the collecting system that fills up with contrast
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Fig. 4a, b. B-mode scan of a patient presenting with sudden severe left flank pain shows nothing, but CEUS depicts a non-enhancing,
wedge-shaped area near the surface of the kidney, consistent with a small renal infarction

Infections

If the case history suggests a renal infection, it is
important to be able to differentiate between an
already formed abscess and a pyelonephritis. As
described above, an abscess on CEUS will be
dark, but early experiences indicate that the dif-
ference in perfusion caused by the parenchymal
oedema around a pyelonephritis can also be

detected, similar to contrast-enhanced comput-
ed tomography and power Doppler examina-
tions [7, 8], appearing as an area with decreased
brightness (Fig. 5). As this decrease is based on
perfusion variations in tissues with the same
blood vessel architecture otherwise, the differ-
ences are seen during all the phases of a CEUS
examination, contrary to the differences seen
with tumour vascularisation (see below).

Fig. 5a, b. Scans through the left flank of a patient with flank pain and high fever. The kidney just caudal to the spleen (5) shows a
normally enhancing lower pole but, by comparison, very sparse contrast uptake in the upper pole (contour marked)
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Tumours

Many hypovascular tumours have very little
enhancement on CT, not enough to make a con-
fident diagnosis of a renal cell carcinoma. It is of
value to be able to make this distinction rather
than having to choose between additional, costly
tests, a long follow-up or a mere assumption of a
malignancy. CEUS, when performed with con-
trast-specific software, is very sensitive to
microbubble presence, even in small quantities.
Thus, intratumoural vasculature can be detected,
possibly with the aid of quantification software
that can detect an increase in image brightness
even when a subjective assessment may leave
doubts. In addition, small vessels may be depict-
ed in mural nodules, septae or thickened cyst
walls whereas the detection of such small vessels
is difficult with Doppler (Fig. 6). Thus, CEUS may

be used for the evaluation of CT/MR findings,
atypical cysts or cyst-like lesions with echogenic
contents, the existence of contrast within the
suspected areas being equivalent to the existence
of vessels, i.e. perfused viable tissue.

In the same manner, biopsies can be guided to
non-necrotic areas of a suspected lesion, improv-
ing the diagnostic yield of the puncture [9].

Renal tumours seem to have a contrast pat-
tern similar to the normal renal parenchyma, at
least in the early stages of enhancement. There
may be a rim enhancement in a pseudo-capsule
[11] but, as there is no real accumulation of con-
trast in the kidneys, the detection rate of small
tumours is unlikely to be as much improved by
CEUS as is seen with focal liver lesions. However,
malignant tumours do not have a proper capil-
lary bed and early experiences indicate that con-
trast will remain in the capillaries even as it is

Fig. 6a-d. Patient with sudden flank pain. B-mode ultrasound shows the kidney (fat arrow) surrounded by a hematoma (a). On CEUS the
hematoma is delineated (thin arrow) and a cyst is seen, possibly hemorrhagic, as it did not show up on B-mode (b). However, a careful
CEUS scan also shows tiny perfused nodules within the cyst. A cystic renal cell carcinoma, probably the cause of the bleeding, was later
removed (¢, d)
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washed out of the tumour neovasculature, creat-
ing a similar but weaker equivalent to the situa-
tion in the liver, possibly helping characterisa-
tion, if not detection [10]. Thus, malignant
tumours tend to be slightly hypoechoic com-
pared to normal parenchyma in the later phases.
This could be helpful in evaluating normal vari-
ants, e.g., a prominent column of Bertin, and
their differentiation from focal lesions suspected
on basic ultrasound, especially under subopti-
mal imaging conditions. The area to be studied
must then be followed to the later stages of the
contrast-enhancement, at least for 1 minute. In
most instances, a clear difference can be detect-
ed by analysis software at that stage and seen
subjectively shortly thereafter, if not before
(Figs. 7-9). A necrotic area in the tumour will, of
course, remain dark, but as tumours with central

necrosis tend to be large and thus easily detected
and characterised on native ultrasound, this is
likely to be of limited importance, except as
guidance for biopsies.

There are, as yet, no scientific data proving an
ability to help in the differentiation between
benign and malignant focal lesions, but with
improved knowledge of contrast-enhancement
patterns this may only be a matter of time.
Benign lesions like angiomyolipomas have been
shown to enhance less than renal cell carcinomas
in the arterial phase [12] and tend to retain the
contrast better than a malignant tumour in the
later phases, presumably due to vessel anatomy.
However, knowledge about how a small, highly
differentiated tumour would behave is limited,
and the differentiation of benign from malig-
nant in the individual patient remains difficult.

Fig. 7a-d. Small renal cell carcinoma seen both on B-mode (a) and CEUS with a typical contrast-enhancement, i.e., almost isoechoic
with the normal parenchyma in the early stages (b = 15 sec) and then progressively hypoechoic (c =30 sec, d = 60 sec)
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Fig. 8a-d. Larger renal cell carcinoma with the same enhancement pattern as in Fig. 7.Images at 15 sec (a), 30 sec (b), 45 sec (c) and 60
sec (d), by which time the tumour is virtually without enhancement, stressing the importance of following the enhancement patterns
through all stages

Fig. 9a-d. Patient referred for a high blood cell count. No lesion is
seen on B-mode (), but a cyst-like lesion appears in the early stages
of CEUS (b). After 60 sec, however, contrast has left the previously
normal-looking margin of the lesion, creating a hypoechoic rim
around the non-enhancing portion (c). An erythropoietin-producing
tumour was later removed
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Conclusion

The intense enhancement of the normal kidney
opens many possibilities for improved diagnosis
and characterisation of renal lesions.

When CEUS is used with contrast-specific
software, non-perfused areas are easily delineat-
ed and, conversely, minimal vascularisation can
be detected. Possible uses include the detection
of small cysts, parenchymal rifts, renal infarc-
tions, abscesses or rifts/haematomas.

Local or focal differences in blood flow can be
noted, offering an indication of diffuse renal dis-
ease or focal lesions impairing the blood flow to
a portion of the kidney. Possible uses include the
assessment of pyelonephritis, both in the detec-
tion of the lesion itself and the distinction
against an abscess formation.

Small amounts of contrast can be seen because
of the high detection sensitivity. This improves
the ability to visualise tiny vessels, indicating a
possible malignancy rather than a simple cyst.
Possible uses include the characterisation of atyp-
ical cysts and indeterminate lesions.

Knowledge of a normal renal enhancement
pattern may allow the differentiation of renal
parenchyma with an abnormal shape from solid
focal lesions. Possible uses include the character-
isation of suspected focal lesions and, in the
future, possibly the differentiation of benign
from malignant lesions.

The arrival of both stable contrast agents and
the development of dedicated contrast-specific
software are fairly recent events. Much work is
still to be done before the above described appli-
cations are properly explored and validated. It is
important to remember that even though accu-
mulated experience so far indicates that malig-
nant tumours are hypoechoic in the later con-
trast stages, it cannot be inferred that a lesion
that retains contrast is benign. Similarly, that a
focal pyelonephritis can be seen as a hypoechoic
lesion does not mean that an infection can, with
some degree of certainty, be excluded because of
a normal CEUS scan. To reach this stage a lot of
research is necessary, but it is almost certain that
the resulting improvement in diagnostic accura-
cy will be worth the effort.

Key Points

nal lesions.

+ CEUS of the kidneys can be used to get further information about the character of re-

+ Renal cell carcinomas usually have a typical pattern of contrast-enhancement, but it is
not yet possible to distinguish solid malignant lesions from benign ones.
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Renal Transplant Follow-up

Thomas Fischer

Imaging of Kidney Transplants

Kidney transplant is the first method of choice for
treating terminal renal failure. Only the timely
transplant of a suitable donor kidney ensures
optimal medical management and social rehabili-
tation of affected patients. There has been a
steady increase in graft survival time through
improved operative techniques in combination
with better immunosuppressive medication [1, 2].

A kidney graft is susceptible to numerous
post-operative complications and deleterious
effects and therefore requires close post-opera-
tive follow-up. In the diagnostic management of
kidney graft recipients, a number of imaging
modalities such as ultrasound (US), magnetic
resonance imaging (MRI), computed tomogra-
phy (CT), and digital subtraction angiography
(DSA) have a crucial role besides the clinical
examination, paraclinical parameters, and the
immunologic and histologic examination of
graft biopsies. US is the most widely employed
non- invasive modality for the post-operative
assessment of kidney grafts. In particular, color
duplex ultrasound (CDUS) is able to answer a
number of diagnostic queries [2-11]. B-mode US
provides morphologic information on the kid-
ney graft and can be used to diagnose urinary
retention, perirenal hematoma, lymphocele, or a
tumor, while Doppler techniques such as CDUS
or power Doppler (PD) mainly serve to evaluate
perfusion of the anastomoses and kidney
parenchyma. Other cross-sectional imaging
modalities such as CT or MRI are rarely neces-
sary [4, 9]. They are used for specific indications
only, mostly prior to a surgical or urologic inter-
vention, for instance, to identify active bleeding,
to evaluate a hematoma prior to removal, or to
exclude a malignant tumor [12]. The indication
for invasive DSA is established on the basis of the

offers the option of treating renal artery stenoses
by means of percutaneous angioplasty (PTA) or
stenting.

Complications Affecting Kidney Grafts

Early and Late Nephrologic Complications

Hyperacute, accelerated, or acute rejection
episodes can occur in the early phase after kid-
ney transplant (in the first four weeks). Such
rejection episodes must be differentiated from
acute tubular necrosis (ATN) because the thera-
peutic management is different. Since a reliable
differentiation is not possible on clinical
grounds, histologic examination of graft biop-
sies is considered the diagnostic gold standard
[1, 8, 15-17]. Despite the options of CDUS and
PD, US may not yield a reliable diagnosis in indi-
vidual graft recipients [18-19]. Nevertheless,
close sonographic follow-up in the post-trans-
plant phase is helpful in arriving at the correct
diagnosis in conjunction with the clinical and
paraclinical data and establishing the indication
for biopsy [20]. Data in the literature varies
widely with regard to the reported specificity of
CDUS in diagnosing rejection, which is given as
25% [21] to 90% [22], with sensitivities ranging
from 35% [23] to 94% [24].

In the late phase after kidney transplant,
acute and chronic rejection, infection (primarily
with cytomegalovirus [CMV]), cyclosporine tox-
icity, and recurrent or de novo glomerulonephri-
tis become more important. In particular, vari-
ous chronic kidney conditions share the features
of interstitial sclerosis and glomerular oblitera-
tion in late disease, so their differential diagnosis
by imaging is difficult. When there is chronic
graft damage, angiography and 3D power
Doppler show the typical ‘leafless tree’ appear-
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Fig. 1a-d. Normal appearance of the kidney on unenhanced B-mode ultrasound (a) with visualization of the fibrous capsule (cf), cortex
(co), renal medulla (mn), renal columns (cn), and renal papillae (pr). High resolution ultrasound in a recipient with good graft function and
superficial location of the kidney (technique: Aplio 80, Toshiba, 9 MHz, differential tissue harmonic imaging). CDUS (b) and power Doppler
(¢) reliably depict the vascular tree up to below the capsule. Wideband Doppler, Advanced Dynamic Flow, provides an artifact-free and
detailed view of vascular anatomy (d) with reliable depiction of the interlobar artery and vein (aj, vi), the arcuate artery (aa), and the cor-

tical arteries (ac)

Surgical Complications

The most common complication in kidney recip-
ients is a perirenal fluid collection, which may
indicate a hematoma, seroma, lymphocele, or
urinoma [26]. Identification and volume meas-
urement of such fluid collections are straightfor-
ward with B-mode US (Fig. 2). Fine-needle biop-
sy may occasionally be required to establish the
differential diagnosis [27]. Possible compression
of the renal vein by a fluid collection is evaluat-
ed by CDUS. As with native kidneys, B-mode
scanning also allows differentiation of urinary
obstruction with evaluation of the renal calices,
ureter, and bladder. Correct positioning of a
ureteral splint can also be evaluated.

Occlusion of the renal artery causes trans-
plant ischemia, while thrombosis of the renal
vein causes hemorrhagic infarction. Both condi-
tions are rare complications, but must be taken
into consideration in the early phase after kid-
ney transplant [28]. CDUS reliably identifies a
complete loss of perfusion of the main renal
artery and is limited only in obese graft recipi-
ents and when the graft lies deep in the iliac

fossa [29-31]. Renal vein thrombosis has an inci-
dence of 1-4% [32]. Characteristic flow curves
with peak systolic inflow and end-diastolic flow
reversal, in combination with an increase in the
graft volume, point to the differential diagnosis
[33-34], but may be difficult to differentiate from
the flow curves in ATN or rejection in individual
cases (Fig. 3).

A typical late vascular complication is trans-
plant renal artery stenosis (TRAS). Its incidence
is 1.6-16% [35]. TRAS can eventually lead to
transplant insufficiency and must be considered
in kidney recipients with newly occurring hyper-
tension. Most stenoses occur at the anastomotic
site [36]. CDUS has a sensitivity of 67-100% and
a specificity of 66-100% (Fig. 4) in diagnosing
TRAS (Fig. 4). The diagnosis of TRAS by CDUS
is examiner-dependent and correlates with the
examiner’s experience [37-39].

An arterio-venous (AV) fistula must be con-
sidered as a possible complication after renal
core biopsy (Fig. 5). AV fistulas are typically
detected incidentally as they have a high rate of
spontaneous occlusion [40].



IV.2 « Renal Transplant Follow-up 175

3.5C40H/1,

(TIE 0.9)

3.5C40H/1.8

Niere

100%

2248 ZD3

11.0cm 5B/s
z

Fig. 2. Visualization of a transplant kidney throughout its
length with SieScape panoramic imaging. A lymphocele
measuring 2 cm (white arrow) is seen in the area of the
pelvic axis (external iliac artery (a), external iliac vein (v))
immediately post-operatively (technique: Sonoline Elegra,
Siemens, 3.5 MHz, SieScape)
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Fig. 3a-d. Thrombotic occlusion of the renal vein (white arrows). Normal appearance of the renal artery but nearly complete absence of
venous flow on CDUS scan (a, b). Compression of the renal vein by a hematoma (white arrow) must be considered in the differential diag-
nosis as both venous thrombosis () and compression of the vein (d) have similar Doppler waveforms

Baseline Ultrasound

Color Duplex Ultrasound and Power
Doppler

Features and Current Role in Clinical Practice

Determination of the resistance index (RI) and
pulsatility index (PI) by means of color duplex
ultrasound (CDUS) and of subcapsular perfu-
sion by power Doppler (PD) are integral proce-
dures in the diagnostic evaluation of suspected
rejection [10, 11] but also serve to assess tumor

vascularization, to evaluate recipients with sus-
pected anastomotic stenosis, or to exclude
venous thrombosis. The most important nephro-
logic complications in the early phase are ATN
and acute rejection. These two conditions cannot
be reliably differentiated using B-mode US alone
[41-43]. An increase in graft volume or enlarge-
ment of the medullary cones with increasing loss
of echogenicity are unspecific. Similar changes
may also become prominent in infection.
Although the advent of CDUS has improved the
non-invasive diagnostic evaluation of kidney



176  Enhancing the Role of Ultrasound with Contrast Agents

Charite Mitte - - Abdemen Charite

Radiclogie Charite Mitte - -
Aplo 80

Abdomen Charite

BHIRA
Radislogie Charite Mitte - -

Abdomen Charite

"™ Radislagle Charite Mitta - -
A

Abdomen Charite
Aplio 80

Fig. 4a-d. Increased resistance index (0.87) after long-standing untreated transplant renal artery stenosis (a). Markedly increased flow
velocity (> 3 m/sec) and turbulent flow (b) with typical aliasing in the stenotic area ¢, (white arrow) on CDUS. Detailed visualization of the
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Fig. 5a, b. Anechoic cystic lesion after renal biopsy (a). CDUS shows an AV fistula (b) that resolved spontaneously without treatment.
With the high PRF used, there is selective visualization of the AV fistula without other flow signals from the graft

grafts, differentiation of acute rejection and ATN
appears almost impossible [44, 45]. Some au-
thors claim that it is possible to differentiate
acute rejection and ATN, on the one hand, from
changes in the flow profile that are associated
with cyclosporine toxicity, on the other [46].
Moreover, CDUS has the potential to evaluate the
effects of rejection therapy and to estimate the
prognosis in terms of transplant survival [10].
After initial evaluation of the kidney graft

immediately after surgery for assessment of
organ perfusion or documentation of surgical
complications, duplex parameters like the RI and
PI should be determined on the second post-
operative day when an effect of initial edema at
the anastomotic site can be largely excluded
[47]. The RI and PI are calculated according to
the formulas given in Table 1. Automated meas-
urement is performed in the interlobar artery or
the arcuate artery in the upper, lower, and mid-
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Table 1. Calculation of the resistance index and pulsatility index

Index Calculation Normal range
Resistance Vmax - Vmin / Vmax 0.55-0.75
index (RI)

Pulsatility =~ Vmax - Vmin/Vmean  1.12-1.26
index (PI)

dle third of the transplanted kidney [6, 37]. RI
and PI are measures of peripheral resistance
downstream of the site of measurement. They
increase in the case of rejection after initial graft
function. Together with the clinical and para-
clinical findings, the RI and PI thus serve to dif-
ferentiate rejection from a normal graft with
good function [48]. Resistance increases because
of edema formation in interstitial rejection or
because of direct damage to the capillaries in
vascular rejection [49]. Differentiation of rejec-
tion from ATN is crucial for initiation of ade-
quate therapeutic measures, but is difficult. A
steep increase in PI in conjunction with a pro-
nounced increase in RI up to an RI of 1 are
indicative of concomitant ATN and rejection. In
individual cases with failure of graft function
recovery, a graft biopsy may be necessary for
definitive diagnosis [1, 8, 15]. Serial RI determi-

nation is desirable.

TRAS is the most important vascular compli-
cation in the late phase after kidney transplant.
Criteria for diagnosis are a peak systolic velocity
of 1.9 m/s [7] or 2.5 m/s [5] with a consecutive
decrease in RI and PI below 0.6 and 0.5, respec-
tively [50]. Again, it is important take into
account the course of the RI decrease.

The color-coded information provided by
CDUS is based on the analysis of the mean fre-
quency shift, while PD processes the amplitude
of the Doppler signal. Power Doppler US has a
better signal-to-noise ratio compared with
CDUS and can therefore be operated with a high
gain and low pulse repetition rate (PRF), which
enables sensitive detection of blood flow [51].
Histologically, chronic rejection is characterized
by arteriopathy, intimal proliferation, necrosis,
and medial thickening [52]. These changes are
associated with reduced peripheral perfusion,
which can be diagnosed by PD. The latter is thus
a valid diagnostic modality for the detection of
severe parenchymal damage in the late phase
after kidney transplant [53]. The option of
three-dimensional representation of the vascu-
lar tree [54] can be used for follow-up evalua-
tion and standardization of the examination
(Fig. 6). Chronic rejection, cyclosporine toxicity,
and chronic CMV infection cannot be differen-
tiated [55].

Fig. 6a-f. Normal morphologic appearance of a kidney graft with good differentiation of the medulla and cortex (a). Limited differenti-
ation of the medulla and cortex (b) in a patient with chronic graft damage 24 years after transplant. Normal renal vascularization to below
the capsule in the power Doppler mode (c). Rarefied vessels (d). Reconstructed 3D view of the patient with good transplant function (e)
as compared with the patient with chronic transplant damage (f). So-called * leafless tree’ sign
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Limitations

General limitations of the sonographic evalua-
tion of a kidney graft are the known examiner
dependence of US, as well as the restricted mor-
phologic information obtained in obese graft
recipients and when the kidney graft is located
deep in the iliac fossa [29-31, 56]. These limita-
tions can give rise to inadequate evaluation or
misinterpretation. Other factors that may impair
the assessment of transplant function are the site
of measurement in the interlobar arteries, an
increased intra-abdominal pressure, and an
increased heart rate or arrhythmia [29-31]. Since
each kidney graft represents an individual vas-
cular bed, it is desirable to perform serial exam-
inations, which provide more valid results than a
single examination. Serial data is considered to
be reproducible [22].

A number of individual factors, such as
immunosuppressive therapy with cyclosporine,
can affect the RI or PI [29, 55]. Although a kidney
graft is not subject to the same laws as a native
kidney due to denervation, systemic factors such
as hypertension or atherosclerosis must be taken
into account in interpreting the parameters
determined by CDUS. Limitations of the scan-
ning depth of CDUS in evaluating deeply located
anastomoses have in part been overcome
through the use of PD. PD assessment of chronic
transplant damage is mainly done using high-
frequency transducers [53]. This technique can-
not be used in obese patients and does not allow
evaluation of the entire graft.

Disorders occurring in the early phase after
kidney transplant, such as acute rejection
episodes or ATN cannot be reliably differentiat-
ed clinically or sonographically using CDUS or
PD. The same holds true for chronic damage of
the graft. Histology of a transplant biopsy con-
tinues to be the diagnostic gold standard [1, 8,
15-17].

Contrast Ultrasound

Fundamental Principles of Contrast Medi-
um Administration in Kidney Transplants

Fundamental Principles and Potential
Applications

The timely identification of early and late com-
plications after kidney transplant poses a con-
siderable challenge but is crucial for rapid initi-
ation of adequate therapeutic measures. The
clinical manifestation of early rejection, ATN,
and drug-induced nephropathy is very heteroge-
neous and difficult to interpret reliably. Recent
technological developments of ultrasound

equipment [57-61] and the advent of ultrasound
contrast media (USCM) have also widened the
sonographic spectrum available for kidney graft
evaluation [61-64]. USCM are very tiny gas bub-
bles (e.g., sulfur hexafluoride or air) stabilized
with a coat of phospholipid (SonoVue, Bracco)
or galactose (Levovist, Schering). The small size
of the microbubbles of 1 to 5 pm on average
allows them to enter the capillaries where they
enhance the echoes in the scanning field, which
is why they are also designated echo enhancers.
The visualization of very small vessels down to
the capillary level allows differentiation of cystic
and malignant renal lesions by means of con-
trast-enhanced US [65].

The basic technique for evaluating renal vas-
cularization is contrast medium imaging [66]
with emission of very low amounts of sound
energy to induce the individual microbubbles to
reflect specific frequencies or emission of high
energies, so-called stimulated acoustic emission
(SAE), to produce a single high signal in the
‘death struggle’ of the microbubbles. Based on the
emitted energy, two techniques of contrast-
enhanced US for kidney graft evaluation can be
differentiated as in the use of contrast-enhanced
US for the characterization and detection of focal
liver lesions. The emitted energy is described by
the mechanical index (MI) and the correspon-
ding techniques are designated as high MI tech-
nique (MI > 0.5) or low MI technique (MI < 0.3).
High energies amplify the Doppler signal by
about 30 dB, which was found to improve the
visualization of TRAS in combination with
administration of the echo-enhancer Levovist
(intense signal at high sound energy with only
little signal amplification at low sound energy).
The technique used today is the so-called flash
replenishment technique, in which single high
ultrasound energy pulses are emitted [67] to
destroy the microbubbles and the time to
renewed accumulation of microbubbles is evalu-
ated. With this technique, very minute perfusion
signals in the renal capillary bed can be selec-
tively depicted for characterization of renal
blood flow in the different territories [68]. Low
MI US is superior to the high MI technique in
that it enables real-time scanning of a transplant
kidney since the harmonic vibration of the
microbubbles contributes to the signal and the
bubbles are not destroyed. The sulfur hexafluo-
ride-based microbubbles (SonoVue) provide
good signal amplification at a very low sound
energy [69] and enable straightforward real-
time US of the transplanted kidney over some
minutes. A low frame rate further increases the
longevity of the microbubbles (< 10 fps). The low
MI phase-inversion technique [70] uses the



IV.2 « Renal Transplant Follow-up 179

entire frequency spectrum for generation of the
image and thus fully exploits the backscatter sig-
nal of the microbubbles, resulting in a further
reduction of the transmit energy (MI < 0.1) with
less destruction of the microbubbles as com-
pared with harmonic imaging. Most second-gen-
eration ultrasound contrast agents (SonoVue,
Sonazoid, Definity, Imavist) enable continuous
scanning of renal blood flow (real-time perfu-
sion imaging) [70-71)].

Conventional US techniques such as CDUS
(determination of RI and PI) and PD for evalua-
tion of subcapsular perfusion have been a com-
ponent in the evaluation of kidney graft recipi-
ents for years [10], although their diagnostic
yield is limited due to their low specificity [29-
31]. The first improvement was achieved through
enhancement of the color Doppler signal by
means of the USCM Levovist (color Doppler
imaging, CDI), which allowed reliable diagnosis
of renal infarction and characterization of
malignant tumors [72, 73]. This new technique
did not evolve into a routine diagnostic proce-
dure due to the fairly short time window after
administration of the echo-enhancer, its inade-
quate pressure stability and the technical limita-
tions of US equipment at that time. Initial results
in the evaluation of kidney grafts by means of
contrast-enhanced US [56, 62-65] using the low
MI technique in combination with a second gen-
eration contrast medium (e.g., SonoVue) suggest
that this is a promising candidate for a valid US
technique that yields examiner-independent and
reproducible results even under difficult
anatomic conditions (obese patients) [56],
though it has not yet established itself as a rou-
tine diagnostic procedure.

Specicfic Ultrasound Techniques

Various contrast-enhanced US methods have
been used to evaluate renal vascularization or
the vascularization of renal tumors. They rely on
the phase or pulse-inversion technique (wide-
band harmonic imaging) that generates the
image from the second harmonic echo response
from the non-linear reflectors (microbubbles)
after transmission of two sound pulses. The sec-
ond pulse is inverted (180° out of phase) [74].
The aim is to scan the kidney transplant with a
very low acoustic power (MI < 0.3). The MI (cal-
culated as the peak negative sound pressure
divided by the square root of the transmitted fre-
quency) is the standard measure of the energy
applied, though there is considerable variation
depending on the ultrasound unit and the specif-
ic contrast-enhancement technique used. In
addition, there is variation in the actual local
pressure within the scanning field, e.g., through

sound attenuation. Hence, MI values provide
only a rough measure.

When USCM were first introduced, basically
only abdominal 3.5 MHz probes had the capabil-
ity of contrast-enhanced imaging, which is why
the entire kidney graft was scanned after bolus
administration or continuous infusion of the
contrast medium [56, 65].

While renal vascularization or vasculariza-
tion of a renal tumor can be evaluated visually as
the inflow of the contrast medium into the kid-
ney transplant (e.g., to identify a perfusion
defect) [75], determination of renal perfusion
requires quantitative procedures [69-71].
Various quantitative approaches for contrast-
enhanced ultrasonography have been developed
in recent years. A fairly simple and practical
approach is the mathematical description of the
time-intensity curve (TIC). The curve represents
the temporal course of signal intensities after
bolus administration of the echo enhancer in a
region of interest (ROI) and can be generated
using either the tools that are integrated in mod-
ern ultrasound units or external computer
analysis [56]. The bolus kinetics are character-
ized by a wash-in and a wash-out phase.
Typically, mean pixel brightness (intensity) is
determined in a defined area (ROI) over time.
Bolus kinetics follow the indicator dilution prin-
ciple, with the height of the wash-out curve indi-
cating the blood volume and the wash-out time,
the blood flow. Measurement requires homoge-
neous distribution of the microbubbles in blood
without extravasation. This requirement is ful-
filled by second generation ultrasound contrast
media, which are so-called blood pool agents.
This is a technically feasible method, but the fact
that the amount of contrast medium adminis-
tered as a bolus is not exactly reproducible limits
this method and makes it difficult to compare
transplanted patients.

Together with evaluation of bolus kinetics, it
is possible to simultaneously determine the tran-
sit time, i.e., the time needed for the USCM to
flow through the graft. The first change in signal
is determined in ROIs placed in the renal artery
and the renal vein in the hilum. The transit time
is the calculated difference in time between the
two ROIs and serves as a measure for general
kidney perfusion [56]. The significance of this
parameter in evaluating kidney grafts is based
on the assumption that the transit time is
increased when transplant perfusion is globally
increased (e.g., in chronic transplant nephropa-
thy) and decreased in the presence of an arterio-
venous shunt (acute rejection). A scanning pro-
tocol is summarized in Table 2.
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Table 2. Suggested protocol for determining bolus kinetics in renal transplants

Technique

High end US system

Transducer

Low MI pulse-inversion technique
Mechanical index (MI)
Echo-enhancer

Dosage

Parameter

Aplio 80, Toshiba

3.5 MHz wideband transducer
Contrast harmonic imaging
MI<0.1

SonoVue, Bracco-Altana

1.6 ml,1 plus 5 ml NaCl as a bolus

Since the transplanted kidney is fixed in the
iliac fossa and is subject to only a small amount
of respiratory motion, the TIC and transit time
can be determined from a fairly constant trans-
ducer position and with only few motion arti-
facts. Recent techniques such as ROI tracking
contribute to the standardization of the method.
When there is good transplant function, the TIC
is characterized by a rapid increase in signal
intensity to peak maximum and a relatively flat
curve during wash-out of the contrast medium.
Different mathematical parameters can be
defined to describe the curve. For instance, the
intensity level (mean pixel brightness) at the
beginning of CM wash-in can be designated as
the initial value (Ix), the time at which the first
clear increase in signal is noted as t baseline and
the corresponding intensity value as I baseline.
The time at which maximum intensity (I peak) is
reached is t. The decrease can be determined by
the simple calculation of t decrease
(tdecrease=tpeak+{tpeak-tbaseline}), which in
turn defines I decrease [56-57]. Using these
parameters, the increase and decrease of the
time-intensity curve can be calculated in differ-
ent vascular territories, such as the interlobar
artery and the renal cortex.

Increase = (I peak-I baseline)
(t peak-t baseline)
Decrease= (I peak-I decrease)

t decrease

For individual comparison within a graft that
is independent of the patient’s cardiocirculatory
status, ratios of the slopes of the time-intensity
curves in the interlobar artery and the renal cor-
tex can be defined. This ratio has been designat-
ed as the perfusion quotient (PQ) in earlier stud-
ies.

increase in the interlobar artery
increase in the renal cortex

PQ =

In addition, the difference in the time to peak
between the two vascular territories can be
determined from the TIC.

At peak =  t peak renal cortex -

t peak interlobar artery

With adequate settings, a further parameter
can be calculated from the TIC, the arterio-
venous time difference (transit time) between
the renal artery and vein in the hilum. The prob-
lem of this approach is that it is difficult to
achieve sufficiently constant ultrasound parame-
ters (emitted energy, overall gain, size of ROI,
distance of transducer from graft, time and site
of bolus administration) for comparison of
results in individual patients undergoing follow-
up examinations (Fig. 7).

The longer and variable inflow time (so-
called venous pooling) after intravenous (iv)
bolus administration of the USCM poses a prob-
lem for analysis of bolus kinetics. Therefore, a
second method for the complex mathematical
description of blood flow in a vascular territory,
so-called replenishment kinetics, has been
described in a perfusion model of the kidney
and compared with simple bolus kinetics [69-
71]. This method measures the microbubble
replenishment rate of a tissue area after destruc-
tion of microbubbles through a single high and
short ultrasound pulse. Standardized scanning
sequences with a destructive pulse followed by
an ultrasound signal of low energy with repeated
emission of the high-energy pulse can be
defined. The resulting replenishment kinetics
corresponds to an exponential curve and is
described by a simple mathematical function
that is now already implemented in some evalu-
ation tools [69-71, 76, 77].

Y = s+A (1-e(-beta t))
A = blood volume
beta = speed of microbubble contrast

replenishment
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Fig. 7a, b. Depiction of the course of contrast-enhancement in the interlobar artery (a). The increase [(I peak — | baseline)/(t peak — t
baseline)], decrease [(I decrease — | peak)/(t decrease — t peak)], and the time to peak intensity (t peak) were calculated from the time-
intensity curves, defined ROIs in the interlobar artery and subcapsular parenchyma (b)

A constant level of contrast medium is
achieved by continuous infusion. The replenish-
ment model can be used to answer different
questions and to quantify perfusion in different
territories such as the kidney, myocardium, or
cerebral parenchyma. Initial clinical results
using this method are available for myocardial
infarction [78], while most published results on
renal perfusion have so far been obtained in ani-
mal experiments and flow models [69-71, 76, 77].

Role of Contrast Ultrasound in
Clinical Practice

Detection of Nephrologic Complications
in the Early and Late Phase after Trans-
plant Using Ultrasound Contrast Medium

In the first four weeks after kidney transplant, it
is crucial to differentiate acute rejection from
ATN because these two conditions require differ-
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ent treatment approaches. A basic distinction is
made between vascular and interstitial rejection
and different stages are distinguished histologi-
cally. Borderline rejection may also be interpret-
ed as a cover term for different disorders such as
ATN. The histologic findings in turn need to be
interpreted in conjunction with the imaging
results and the clinical and paraclinical parame-
ters.

Initial clinical studies in 22 [56] and 50 kid-
ney graft recipients [79] found contrast ultra-
sound to be superior to B-mode graft volume
evaluation and RI determination. Changes in the
inflow and outflow patterns of the USCM corre-
late very well with the histological changes.
While volume measurement or RI determination
did not allow diagnosis of definitive pathology,
contrast ultrasound showed suspicious flow phe-
nomena for which histologic correlates were
identified in all cases. Clearly abnormal changes
were seen in the rejection group with vascular
involvement (Banff II). These and all other
patients included in the study underwent ultra-
sound assessment with administration of an
echo-enhancer (1.6 ml SonoVue) on day 5 to 7
after kidney transplant. Arterial inflow and the
parenchymal phase were digitally stored over 60
seconds at a frame rate of 10 fps, followed by
quantification of perfusion using the ultrasound
unit’s integrated TIC software. ROIs were placed
in the main renal artery, the interlobar artery, the
subcapsular renal cortex, and the renal vein. The
ROIs were adjusted in size to the respective ves-
sel diameters and were smaller than the largest
vessel diameter in order to eliminate slight
motion artifacts. The zoom function was used
for maximum visualization of the kidney graft,
which also served to reduce possible motion
artifacts. The ROIs were then checked by watch-
ing the entire digital clip and their positions cor-
rected in case of deviation. Intensity was defined
as the mean pixel brightness in the ROI. Contrast
medium kinetics were then evaluated in the
interlobar artery and the renal cortex using the
integrated TIC software. A perfusion quotient
(PQ) was calculated as the ratio of the upslopes
of the TIC (PQ = increase in the interlobar
artery/increase in the renal cortex). In addition,
the difference in the time to peak between both
vascular territories was determined (Dt = time
to peak renal cortex - time to peak interlobar
artery).

Kidney graft recipients assigned to the nor-
mal group in the study had a PQ of 1, as the

upslopes in the interlobar artery and the renal
cortex did not differ much. In contrast, the PQ
was twice as high in patients with vascular rejec-
tion. Patients with ATN also had characteristic
curves with a moderate increase in PQ and a
longer time difference. The patients with Banff II
rejection received anti-rejection therapy with
500 mg methylprednisolone (Urbason) on three
successive days. All patients showed marked
improvement and their transplants recovered
function. The patients with ATN did not receive
anti-rejection therapy. They showed sponta-
neous functional improvement in the further
course. Banff I rejection (interstitial rejection)
could not be identified by contrast ultrasound,
which is not surprising as there is no vascular
involvement and contrast US is a vessel-oriented
diagnostic modality. However, there may be
changes in contrast US if there is secondary vas-
cular involvement in cases of ATN with severe
interstitial edema (Fig. 8). Preliminary follow-up
results in patients with Banff I rejection showed
that the time-intensity curves became abnormal
only in the second week after transplant or when
there was histologic deterioration of the diagno-
sis. A definitive analysis of the changes in this
patient group is not yet available. The suspicious
flow phenomena depicted by contrast US in vas-
cular rejection were interpreted as early indica-
tions of rejection-related changes. This was an
important clue for the clinician that allowed
early initiation of further histologic diagnosis
and early initiation of anti-rejection therapy.
Since contrast ultrasound has no side-effects, we
consider it desirable to follow-up patients in
whom anti-rejection therapy has been initiated,
so that treatment may be adjusted if the contrast
US findings show no improvement.

Only case reports are available on the use of
contrast US in patients with chronic graft
changes. Also, PD and 3D PD are excellent tools
for the characterization of peripheral vessel rar-
efaction. The appearance resembles a ‘leafless
tree’. The potential benefit of contrast US
remains to be defined, especially since different
conditions occurring in the late phase after kid-
ney transplant share the same features at their
terminal stage. The identification of segmental
perfusion defects and transplant evaluation in
obese patients might further contribute to the
standardization of the US examination.
Moreover, it might be possible to not only differ-
entiate rejection, but also perform interventions
in a single session.
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Fig. 8a-j. Temporal course of CM inflow after bolus administration of 1.6 ml of SonoVue via the left cubital vein. Patient with good graft
function shown at 0 sec (a), 2 sec (b), 5 sec (c), and 10 sec (d). Analysis shows that signal intensity in the cortex increases as early as 0.2
sec after the increase in the main renal artery (e). Delayed inflow in the renal cortex in a patient with histologically proven borderline rejec-
tion and signs of acute tubular necrosis. Again, arterial inflow of the USCM is shown after 0 sec (f), 2 sec (g), 5 sec (h), and 10 sec (i). Analysis
shows that the signal intensity in the cortex increases as late as 2 sec after the increase in the main renal artery (j)

Detection of Surgical Complications by
Contrast Ultrasound

Common surgical complications in the immedi-
ate post-operative phase are hematoma, seroma,
lymphocele, and urinoma [26]. Detection of a
fluid collection and determination of its volume
are straightforward by B-mode ultrasound, while
delineation of a perirenal or subcapsular hema-
toma may be more difficult. Initial results sug-
gest that contrast US is superior to B-mode US in
detecting a perirenal or subcapsular hematoma.
This superiority is based on the fact that
hematomas may be isoechoic with the kidney
parenchyma on conventional US, while contrast
US differentiates them from the perfused
parenchyma as non-perfused lesions (Fig. 9). In
this study, a combined US examination was per-
formed in which the perfusion parameters were
determined first, and then, after homogeneous
opacification, the entire graft and its immediate
surroundings were scanned. Perirenal hema-
toma was shown to compromise subcapsular
perfusion [56, 79]. A hematoma must be consid-
ered in the differential diagnosis of rejection in
interpreting bolus kinetics. At the same time, the

US examination can serve to establish the indi-
cation for removal of a hematoma prior to repeat
surgical intervention.

Rare early complications of kidney transplant
are occlusion of the renal artery with subsequent
graft ischemia and thrombosis of the renal vein
with hemorrhagic infarction [28]. In general,
both events can be diagnosed by CDUS, but the
method is limited in obese recipients and when
the graft is located deep in the iliac fossa [29-31].
Another possible indication is exclusion of a
perfusion defect in recipients with difficult anas-
tomosis of pole vessels (Fig. 10). Partial ischemia
seen as a perfusion defect results if, for technical
reasons, a polar artery is not connected to the
circulation. Compared to PD, contrast US identi-
fies such defects without problems and allows
exact measurement of its area. If there are addi-
tional complications, such as rejection, a reliable
histologic diagnosis is possible only if the graft
biopsy is not obtained from the area of the per-
fusion defect, which cannot be reliably delineat-
ed in the B-mode or by PD.

Transplant renal artery stenosis (TRAS) is a
typical late vascular complication [35] that the
clinician should think of in kidney recipients
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Fig. 9a, b. Transverse view of a
transplant kidney obtained in the
unenhanced B-mode (a). Normal
appearance of the graft with a
hematoma almost isoechoic with
the renal parenchyma. Contrast ul-
trasound clearly demonstrates a
non-enhancing perirenal hema-
toma (white arrows) (b). TIC analy-
sis shows a delayed increase in sig-
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Fig. 10a-d. No typical perfusion defect on 3D-PD (a), but typical motion artifacts. Following CM administration, a perfusion defect is
depicted in the polar area (b) covering about 10% (c). Raw data analysis identifies slight perfusion in the area of the defect with flatten-
ing of the curve and reduced signal intensity (d)
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with newly occurring hypertension. A stenosis
typically occurs at the anastomotic site [36],
where it can be identified by contrast US even in
difficult anatomic situations. Nevertheless, the
potential benefit of contrast US is controversial
[80-82]. CDUS already has a sensitivity and
specificity in diagnosing TRAS of 66-100%, but
is examiner-dependent [37-39]. Contrast US has
advantages in assessing therapeutic outcome,
since parameters of renal perfusion provide
clues as to the prognosis of treatment of TRAS
(stent, PTA). Systematic studies addressing this
aspect are not yet available (Fig. 11).

In the long-term follow-up of kidney graft
recipients, the identification and differentiation of
cystic and solid tumors becomes important.
Contrast US allows differentiation of benign and
malignant tumors [72, 83], as has already been
reported in the literature for native kidneys. In the
aftercare of kidney graft recipients, this becomes
even more of an issue as early diagnosis may
enable tumor enucleation and thus spare the
patient a transplant nephrectomy and return to
hemodialysis. Clinically, it is important to differ-
entiate a hemorrhagic cyst [84] from renal cell

o TomemA |

Fig. 11a-d. Flaenig of th flow

carcinoma (Fig. 12). Following administration of
an echo-enhancer, a hemorrhagic cyst retains its
low echogenicity and, similar to a perfusion
defect, is delineated from the enhancing sur-
rounding renal parenchyma. Renal cell carcinoma
is characterized by an abnormal vascular supply
and wash-out of the echo-enhancer in the
parenchymal phase. Simple subjective evaluation
of CM inflow into the kidney tumor can be supple-
mented by additional perfusion analysis using the
bolus kinetics or replenishment model [77]. It has
not yet been investigated whether it is possible, for
instance, to reliably differentiate an angiomy-
olipoma (Fig. 13) from a renal cell carcinoma. This
is probably due to the fact that MRI enables reli-
able identification of an angiomyolipoma on the
basis of its fatty content. When the renal
parenchyma is normal, subjective analysis alone
enables reliable differentiation of the medulla and
cortex on the basis of the temporal course of con-
trast medium inflow (Fig. 14). It should be empha-
sized again, however, that contrast US enables
nearly complete evaluation of renal perfusion
down to the level of very small capsular vessels in
a standardized manner [56, 79].

ve on CDUS and Rl in the low normal range (0.58) (a) wit an accelerated flow velocity of 270

cm/sec at the site of anastomosis and turbulent flow (b). Perfusion image obtained 10 sec after USCM administration (c). Generation of
the parametric image from the time-intensity curve depicting the course over the first 10 sec after the first increase in the renal artery (d).

Delayed inflow into the renal cortex (blue margin)
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Fig. 12a-h. Lesion with complex echo pattern indicating solid and cystic portions (a). CDUS showed only negligible vascularization of
the tumor (b). A hemorrhagic cyst was diagnosed by unenhanced CT. Contrast US demonstrated tumor vascularization with enhancement
of the central tumor portions (c). The parametric image shows that maximum intensity in the central tumor portions is reached at the
same time as in the renal cortex (d). Nearly isoechoic circular lesion (white arrows) adjacent to an uncomplicated cyst shown on trans-
verse view (e) and longitudinal view (f). No enhancement of the lesion after USCM administration (g). There is likewise no enhancement
of the lesion over time in the parametric image (h). MRI confirmed the diagnosis of a hemorrhagic cyst
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Fig. 13a-d. Depiction of a homogeneously hyperintense and sharply delineated tumor in the middle parenchymal third of the trans-
planted kidney (a). The reconstructed 3D view shows rather moderate tumor vascularization with otherwise normal appearance of the
vascular tree (b). Delayed and protracted enhancement of the lesion as compared with the interlobar artery (c). Good depiction of the

tumor also in the parametric image of USCM arrival time (d)
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Fig. 14a-c. Patient with chronic transplant dysfunction. Poor delineation of the organ and absence of corticomedullary differentiation
in the B-mode (a). Power Doppler shows pronounced rarefaction of vessels in the periphery (b). Inhomogeneous enhancement of the kid-
ney on vascular recognition imaging with depiction of the blood flow direction in the renal artery (red) and of the stationary bubbles
(green) in the renal parenchyma. Interestingly, the curves from the areas with different enhancement show identical times to peak, but
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Finally, contrast US has the potential to be
used to monitor the outcome of ablation therapy
of renal cell carcinoma as it may serve to guide
the minimally invasive intervention and docu-
ment the ablation defect in a single session [85].

Potential, Prospects, and Limitations of
the Method

Studies on the use of contrast ultrasound are
limited by the fact that only a fairly small num-
ber of patients have been investigated so far.
Future studies should therefore aim to enrol
large numbers of patients and to evaluate the
examiner-dependence of the method. Various
options such as the low MI pulse-inversion tech-
nique, models for the description of renal perfu-
sion (bolus kinetics and flash replenishment),
and the already known applications of contrast
US provide a large enough basis for the wide
clinical use of this new modality in the routine
setting. However, as a ‘vessel-oriented modality’,
contrast US is not able to diagnose Banff I rejec-

Abdsman CHI

s
Radiotegie Charite Mitte - -

tion as there is no vascular involvement.

New applications of contrast US will arise
from the further technical development of the
ultrasound equipment. The rapid technical
advances seen in recent years are followed by the
introduction of new software tools for the analy-
sis of the raw datasets or the improved visualiza-
tion of microbubbles at very low energy, for
instance by means of techniques that sum and
depict the signals from the microbubbles over
time (Micro Flow Imaging, Toshiba). This new
technique in turn is the basis for so-called para-
metric imaging (Fig. 15), which relies on bolus or
replenishment kinetics and is able to analyze
individual curve parameters, such as the time to
peak on a pixel-by-pixel basis. The information
is displayed in a color-coded image that presents
all the US data in a standardized manner. This is
a simple and fast technique with a high diagnos-
tic yield that may improve the acceptance of con-
trast US as a routine diagnostic tool providing
all the diagnostic information on contrast medi-
um dynamics in a single image of the transplant
kidney.

Radisiogie Charite Mitts - - Abdomen CHI

Fig. 15a-d. Normal B-mode scan after kidney transplant (a). Homogeneous and good vascularization of the kidney on 3D power
Doppler (b). Rapid and homogeneous enhancement of the kidney without perfusion defects after CM administration (c) and delineation
of small perirenal hematoma (white arrows). Parametric imaging summarizes the data on the temporal course of contrast medium arrival
in a single image. The curve shows rapid enhancement of the renal cortex with a delay only in the area of the hematoma (d)
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Key Points

+ Contrast ultrasound is a promising and straightforward method that is superior to estab-
lished sonographic techniques such as conventional B-mode scanning (volume measure-
ment, demonstration of hematoma) and color Doppler (rejection, perfusion defects, vascu-
larization) for the diagnostic evaluation of kidney grafts.

+ Moreover, contrast US has the potential for tumor characterization in transplanted kidneys.
A single examination by contrast ultrasound can answer a variety of questions in the early
post-operative phase (rejection) and long-term follow-up (chronic damage).

+ Initial studies show that efficient and early diagnosis of rejection or ATN is possible as these
conditions have characteristic bolus kinetics curves. Surgical complications, such as perfu-
sion defects secondary to thrombosis of a polar artery or post-operative hematoma, are also

identified.

» Perfusion effects of a hematoma can also be assessed.
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Contrast-Enhanced Ultrasound in Low-Energy
Blunt Abdominal Trauma

Lars Thorelius

Introduction

Emergency clinics in general are confronted with
a wide variety of trauma cases involving the
abdomen. High-energy trauma often causes
major damage to the parenchymal organs as well
as to large vessels, resulting in life-threatening
intra-abdominal bleeding. Sometimes the patient
requires immediate surgical attention in order to
survive, leaving no time for medical imaging to
detect the source of the haemorrhage. Contrast-
enhanced computed tomography (CT) is the
modality of choice when the patient is stable
enough that the time of imaging can be tolerated.
With modern multi-slice CT scanners, a high-res-
olution exam of the entire thorax and abdomen is
acquired in a minute or less. Multi-format 3D vol-
umes are available almost immediately after the
exam. With decreasing trauma energy there is less
likelihood of life-threatening or disabling
injuries. However, patients appearing at the emer-
gency clinic after minor abdominal trauma may
also be affected by abdominal injuries and haem-
orrhage. Sports injuries, playground falls and
horse riding accidents are a few examples of com-
mon causes of low-energy trauma that occasion-
ally cause parenchymal damage, with the poten-
tial risk of further haemorrhage. Fortunately, a
substantial number of these patients are
unharmed. Any abdominal injury is often limited
and generally involves the spleen, liver or kidneys.
Other organs are only rarely involved. Hence,
medical imaging is indicated following low-ener-
gy trauma as a precautionary measure rather than
as a necessity. To date, contrast-enhanced CT is
the only relevant modality for excluding
parenchymal injuries. With access to faster CT
scanners the number of such precautionary
exams is likely to increase in the future.

Considering the high incidence of low-energy
trauma with negative CT exams, and the usually
conservative treatment when an injury is discov-
ered, the drawbacks of radiation exposure and
high doses of iodine contrast cannot be ignored.
The fact that many of the patients are otherwise
young and healthy individuals even further
emphasises the gravity of exposing them to radi-
ation through CT exams.

Baseline Ultrasound

Today ultrasound (US) has an established role in
many emergency centres in cases of multi-trauma
as a quick and readily available first-line imaging
modality for the detection of free fluid. Focused
Assessment with Sonography in Trauma (FAST) is
a fast selective approach for the assessment of
fluid in the peri-cardium and the abdomen. A sig-
nificant amount of free fluid is an indication of
substantial haemorrhage requiring immediate
surgical attention. In other cases, FAST can guide
the clinician to further exams with angiography
or CT. Severe trauma may cause injuries to any
abdominal structure, and US is not sufficient for
extensive abdominal trauma screening for a num-
ber of reasons, of which poor access due to gas
and bone are important limiting factors. CT is
mandatory in such cases. The lack of free abdom-
inal fluid is by no means a guarantee for intact
parenchymal organs. According to one report, up
to 40% of trauma patients without free fluid have
parenchymal damage. Despite much research and
many efforts, US unfortunately remains ineffec-
tive for accurate visualisation of parenchymal
injuries and haematomas. This inefficiency
means that US is not recommended for use in sta-
ble trauma patients.
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The spleen, liver and kidneys are usually read-
ily accessible with US in suitable patients.
Unfortunately, even large parenchymal lacera-
tions and subcapsular haematomas are often
isoechoic with the adjacent parenchyma. The
structural difference to the parenchyma is often
not obvious. When the laceration can be seen with
US the size of the damage is usually very difficult
to determine. The extent of the injury is frequent-
ly underestimated. Consequently, there is no
proper place for US in the assessment of
parenchymal damage. Hence, US should not be
used to try to rule out parenchymal damage in
low-energy trauma. Contrast-enhanced CT has to
date been the only relevant modality for this pur-
pose.

Contrast Ultrasound Features

With the introduction of Ultrasound Contrast
Agents (UCA) that sustain continuous exposure
to US with low mechanical index (MI), Contrast-
Enhanced UltraSound (CEUS) may have the
potential to become an efficient and welcome
alternative to CT for the visualisation of
parenchymal lacerations and haematomas.

We use Siemens Acuson Sequoia machines
equipped with CPS, which is a special UCA
option. This option can colour-code fundamental
frequency US reflections that are unique to
microbubbles, making CEUS truly contrast-spe-
cific. With this technique the contrast sensitivity
is greatly increased over harmonic imaging at the
expense of a slight reduction of spatial resolution
and a moderate reduction of frame rate. In prac-
tice, different brands of US machines perform dif-
ferently with regard to CEUS. The suggestions
presented here may not apply entirely to other
machines. Also, different UCAs may perform dif-
ferently. We have used SonoVue (Bracco, Italy) for
our studies. Our experiences may not apply
directly if another UCA is used.

A brief elaboration on the dynamics behind
imaging of vascular focal lesions is relevant in
order to clarify the principles behind CEUS detec-
tion of traumatic parenchymal damage.

Obviously, contrast agent imaging modalities
like CEUS, CT and magnetic resonance imaging
(MRI) can depict the concentration of their con-
trast agents. After a bolus injection of contrast,
the human eye is not very efficient at determining
the absolute quantity of the enhancement of a
parenchyma, but it can visualise enhancement
differences between a focal lesion and the adja-
cent organ parenchyma quite well. The difference
in bolus enhancement dynamics between the
focal lesion and the surrounding organ parenchy-

ma adds a dynamic component to the morpho-
logical pattern of structures, with the normal
parenchymal parts of the pattern acting as a
known reference. Although the enhancement dif-
ference between the lesion and the parenchyma
may be small, and the duration of the pathology-
specific moment may be short, the method of
comparing the enhancement differences between
the lesion and the parenchyma with the naked eye
over time is considered to be quite reliable for
characterisation of focal lesions with the different
modalities. When there is a certain degree of sus-
tained enhancement difference in the late vascu-
lar phase, the visual detection of focal lesions is
also generally accepted. There is scientific support
for the fact that the bolus characteristics of differ-
ent focal lesions in the liver are equal or very sim-
ilar when comparing CEUS with CT and MRI.
Studies have also supported the observation that
CEUS is not less sensitive than CT or MRI at
detecting liver metastases. Although not yet scien-
tifically proven, the parenchyma of the spleen also
seems very similar when compared on the differ-
ent modalities. However, there is a big difference
between CEUS when compared to CT and MRI
regarding the renal parenchyma, since microbub-
bles are a pure blood pool agent which lack a
urine excretory phase, as opposed to contrast
media for CT and MRI.

The similarities between CEUS and CT dis-
cussed above are very important when consider-
ing new CEUS applications where CT is well
established, such as traumatic parenchymal
injuries. In our experience, using proper software,
US is extremely sensitive to the presence of
minute concentrations of microbubbles. In fact,
we find that the sensitivity to the difference
between the presence and absence of small con-
centrations of contrast is generally considerably
greater with CEUS than with CT. In other words,
we think that the absence of contrast signal in a
structure is of higher predictive value for the tis-
sue being truly avascular when examined with
CEUS rather than with CT, provided that there is
a strong detectable contrast signal in the adjacent
structures. Our experience is based on exams of
known avascular structures, mainly simple cysts
in the liver and kidneys and necrotic parts of
tumours that have been examined with contrast-
enhanced CT and referred to the US department
for biopsy. With the CPS contrast-specific soft-
ware, the cysts are completely black against the
brightly enhancing and software-coloured
parenchymal enhancement that surrounds it. In
tumours there is sometimes a diffuse gradual
decrease of CT contrast towards necrotic areas,
which makes it difficult to exactly pinpoint the
margins of remaining vascularity. With CEUS, the
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enhancement of the margins is usually delineated
from the necrosis with a sharp edge. Sometimes
CEUS detects minimal strands of vascular tissue
containing slowly moving contrast-enhancing
dots in the necrotic margins. These strands often
have no evident counterparts in the CT exam. By
the appearance of the dots in the least enhancing
structures it seems that the CPS software is sensi-
tive to small conglomerates of microbubbles, or
maybe even to single microbubbles, that are
grossly exaggerated in size by the software and
thus visible on the screen as dots of light.
Sometimes these dots clearly move with the circu-
lation. These dots seem to constitute the smallest
possible quanta of contrast signal. By appearance
the next step down would be total absence of
microbubbles. The corresponding minute concen-
tration of iodine contrast is probably not
detectable with CT (Fig. 1.)

Our experience of CEUS for parenchymal
injuries began in 2002, and to date we have regu-
larly performed exams on parenchymal damage.
Although this series includes one pancreatic con-
tusion, the spleen, liver and kidneys (in that
order) have been most commonly observed both
with regard to suspected injuries and positive
results. Several cases have been multi-trauma
cases where CEUS was performed because of
unclear CT findings or unexpected symptoms.
Such cases are beyond the scope of this article, but
of course they contribute to our overall experi-
ence of parenchymal injuries.

Our hypothesis is that CEUS is well suited for
the detection and mapping of traumatic
parenchymal injuries considering the conspicu-
ous nature of avascular areas in enhanced
parenchyma. Blunt parenchymal trauma may
cause a variety of injuries including lacerations,
contusions, haematomas, capsule ruptures and
vessel tears of different severity. In low-energy
blunt abdominal trauma there is often no

parenchymal damage at all, and in cases of
injuries, these are mild to moderate and treated
conservatively in the vast majority of cases.
Regardless of injury type and severity they all
share a common denominator, which is hypovas-
cular contusions or avascular haematomas in lac-
erations or outside the parenchyma and the cap-
sule of the organ. After the immediate haemor-
rhage has stopped there is no connection between
the blood stream and haematomas, rendering
them avascular structures. Parenchymal contu-
sion areas have various degrees of decreased per-
fusion because of crushing rather than tearing of
the parenchyma. Presumably, the less intact the
perfusion, the worse and more vulnerable is the
contusion injury. Some contusion areas are
vaguely visible, maybe representing only an oede-
ma and not true tissue disruption. When being
presented to a trauma patient we know in advance
that we will concentrate our CEUS exam on find-
ing or ruling out avascular haematomas or hypo-
vascular injuries. We do not have to take any
dynamic vascular patterns of the injuries into
account.

Normally the liver circulation is divided into
the arterial phase, the portal phase and the late
phase. In the search for fissures and other haem-
orrhagic injuries of blunt trauma, a different and
simpler bolus phase description can be used to
explain how to administer the UCA. In our expe-
rience, for this purpose the bolus circulation can
be divided according to the visual appearance of
homogeneity in the parenchyma. When disre-
garding identifiable vessels and studying a homo-
geneous part of any normal organ parenchyma
with CEUS including the liver, there are three
phases to consider. The first phase begins when
the first small arterial vessels appear, and ends
when the last parenchymal enhancement varia-
tions disappear. At this point the second phase
begins, lasting until the appearance of the first

Fig. 1a-c. The arterial phase of a necrotic pancreas cancer. a Before arterial phase. b Early arterial phase showing the first individual "dots"
of enhancement. ¢ Later arterial phase with homogeneous enhancement
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visible signs of microbubble destruction with dif-
fuse irregular strands or patches of inhomoge-
neous enhancement, or until wash-out of the UCA
begins to reveal a disturbing image of small con-
trast dots. Thus, the third phase begins with the
first visible sign of irregular enhancement and
continues until the absence UCA.

During all three phases, traumatic injuries
lack or have very little enhancement and are
potentially detectable. Although many fresh
injuries are visible already in phase one, the sec-
ond phase provides the optimal conditions for the
detection of the thinnest lacerations and
haematomas due to the homogeneity of the
parenchymal background enhancement. In phase
three the conditions deteriorate rather quickly.
Phase two is the truly efficient injury detection
phase, and I choose to call this phase ‘the homo-
geneous phase’ since it describes the mechanism

behind its efficiency. Again, observe that these
phases are not analogous with the traditional
arterial, portal and late phases that are relevant
for vascular parenchymal lesions. To our knowl-
edge, the homogeneous phase is useful only for
the detection of structures with no or very little
vascularisation (Fig. 2). We have observed a
minute contrast-enhancement in some cases of
otherwise very sharply delineated and quite wide
lacerations, whereas others have been totally void
of any enhancement. To our knowledge, this slight
enhancement within some sharply margined pre-
sumed rifts has not been clearly demonstrated
with other modalities that lack the extreme con-
trast sensitivity of CEUS. These cases of slight
enhancement are difficult to explain, but evident-
ly they point to a complexity of parenchymal
damage mechanisms with the existence of previ-
ously unrecognised tear-like contusions (Fig. 3).

Fig. 2a, b. a CT of small trauma injury
in the liver surface. b First image is US
with trauma findings. Second to fifth
images are CEUS in the early phase go-
ing to the homogeneous phase. The
laceration is hidden among irregulari-
ties before the homogeneous phase
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Fig. 3a, b. a Well vascularised contusion or oedema in splenic injury. b Sharply demarcated laceration with small amount of remaining cir-
culation

The spleen enhances very brightly and has a first
enhancement phase with an initial image of dif-
fuse irregular patches, also well known from CT.
Phase two may not begin until close to one minute
from the injection. The accumulation of UCA in
the parenchyma seems quite robust and usually
allows the injury detection phase to last until
about five minutes after injection. This is usually
more than enough to cover the spleen to satisfac-
tion. One disturbing factor that is not correlated
with the three enhancement phases described is a
common, quite rapid decrease of UCA concentra-
tion in the parenchymal splenic veins. About two
to three minutes following the injection the veins
turn dark, and are subsequently virtually black.
This is probably due to an effective filtration of
microbubbles from the circulation by the spleen.
We have observed a clear reduction of the UCA
concentration in the splenic vein compared to the
superior mesentery vein in late phases of portal
vein studies. This observation probably supports

the filtration theory. In the beginning this phe-
nomenon was somewhat confusing, as the veins
could be mistaken for lacerations, but with the
problem in mind it is not difficult to separate the
two phenomena. If in doubt, a few enhancing dots
can always be seen passing the vein. With the
combination of grey-scale and colour-coded con-
trast it is often still easier to separate the black
veins from the usually grey lacerations. A re-injec-
tion is another efficient solution to the problem.
With proper video documentation, a re-run of
loops will almost always disclose the fact that a
thin laceration is extended beyond the shape of a
tubular structure. Far from the hilum this prob-
lem does not exist in practice (Fig. 4). The liver
has the fastest practical onset of the homoge-
neous phase, beginning about 40 seconds after
injection, or slightly earlier. The homogeneous
phase lasts until about four minutes after injec-
tion. For some reason, some individuals have a
fast decrease of enhancement in the parenchymal

Fig. 4a, b. a Quite wide laceration in the spleen following blunt left flank trauma. Injuries of this size are clearly seen in all contrast phas-
es, here 50 seconds after bolus. Large vein marked green. b After 130 seconds the vein is very dark with a few dots of UCA passing. Lacera-
tion is still conspicuous



198  Enhancing the Role of Ultrasound with Contrast Agents

veins, similar to that of the spleen. This reduction
has never been observed to be as complete as in
the spleen so there is little practical risk of confu-
sion with lacerations. However, livers that do not
display the early vein darkening are less disturb-
ing to examine. In this majority of cases, exclusion
of tiny injuries may be slightly more efficient.

The kidneys have the most complex bolus
enhancement pattern and the fastest third phase.
Initially there is strong enhancement of the cor-
tex, followed by gradual filling of the pyramids
from the periphery. The pyramids are filled about
30-40 seconds after injection. The homogeneous
phase usually ends earlier than three minutes fol-
lowing injection. Usually there is enough time to
cover one kidney satisfactorily, but the two kid-
neys require separate injections. With a proper
dose of UCA, the enhancement of the pyramids is
visually slightly weaker than that of the cortex
because of their substantially lower perfusion. In
the relatively few cases of renal injury that we
have seen, this has not caused any diagnostic
problems. The enhancement of the pyramids is
still an efficient background for traumatic lesions,
proven by the conspicuous blackness of small
simple renal cysts that are frequently encountered
in cases of renal CEUS. The third phase of the kid-
neys is caused more by wash-out than by UCA
deterioration. We have not observed darkening of
the renal veins. There is quite a dense flow of con-
trast dots in the veins even very late in the third
phase.

For the special purpose of injury detection, a
long homogeneous phase is desirable. Since prac-
tically no enhancement occurs in the injuries, the
second phase can be prolonged by additional
injections of UCA until the organ is sufficiently
covered. Usually the homogeneous phase pro-
vides plenty of time for a full organ exam, but the

liver sometimes requires an additional injection
of half the original bolus about four minutes after
the first injection. A continuous infusion would
probably be ideal, but we have no experience of
infusion in trauma patients.

Generally speaking, regardless of different
organ characteristics, UCA doses in trauma
should be kept lower than for most other applica-
tions. An injection of too much UCA seems to
result in a thin, diffuse zone of ‘bleeding’ of the
contrast echo into structures immediately adja-
cent to enhanced parenchyma. This artefact
sometimes has a negative effect by casting a ‘glare’
over thin traumatic fissures, making them diffi-
cult to detect. Such fissures are sometimes only a
few millimetres wide, although they may extend
from side to side of the organs. Another disadvan-
tage of an enhancement that is too intense is that
it masks the decrease in perfusion caused by
oedema surrounding a laceration or in a contu-
sion. In CT, such diffuse oedemas in the parenchy-
ma are very clear and may have a tendency to
exaggerate the size of non-viable injuries in the
parenchyma. Opposed to this, usually CEUS dis-
plays the viability of the entire parenchyma very
distinctly, but if too much UCA has been injected
the enhancement decrease of mild contusions
cannot be appreciated visually. In our experience,
this artefact can be avoided by continuous exami-
nation of the parenchyma as the microbubble
concentration decreases, but it is better to try to
avoid the artefact by injecting less UCA than nor-
mally recommended for other indications.
Oedematous contusion areas with remaining cir-
culation are especially easy to see in the early
homogeneous phase with a apropriately low ini-
tial dose. A slow injection of the UCA and the sub-
sequent saline also decreases the intensity of the
initial arterial enhancement peak (Fig. 5).

Fig. 5a, b. a Motorcycle trauma. CT with artefacts shows diffuse dark area in liver. b CEUS depicts sharp margins of laceration, while dif-
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Dose Recommendations

Generally speaking, patient size and shape are ob-
viously important determinants when deciding
the optimal contrast dose for different organs and
indications. In trauma there are two kinds of
pathology mainly responsible for determining the
optimal dose. In our practice, CEUS is performed
on about 20% of all our patients, annually about
1400 CEUS patients. Some of our patients are chil-
dren, on whom we also perform CEUS for an ac-
curate result in individual cases, if necessary. On
some indications paediatric use of CEUS is es-
sential for an accurate outcome, and parenchy-
mal traumatic injury is a very clear indication for
CEUS since US inefficiently assesses parenchy-
mal damage. To date, we have given SonoVue about
120 times to children, ranging in age from new-
born to 17 years-old, in doses from 0.05 ml to 4.8
ml. We have never encountered any adverse ef-
fects of SonoVue in any of our 4000 patients, in-
cluding the children. The single most frequent in-
dication in children has been blunt abdominal
trauma. So far SonoVue has an exceptional toler-
ance level among our patients. SonoVue doses
have not been officially established for use in chil-
dren, but in our experience so far a dose roughly
calculated by the following formula has given good
imaging results:

Dose (millilitres) = Patient age (years)/10 for
the liver, and half that dose for the spleen and kid-
neys, not below 0.1 ml.

Using the regular 1.5 MHz CPS transducer
with the lowest possible MI, a 0.1 ml bolus fol-
lowed by injection in the foot of 1 ml of saline
using a thin needle was very useful for the diag-
nosis of a renal infarction in a full-term newborn
baby with haematuria. The injection provided the
enhancement of the retroperitoneal fat necessary
to prove the blackness of the kidney. Initially, a
bolus of 0.05 ml was tried, but was not sufficient.
Such a small dose is technically difficult to handle
without dilution. Peritoneal and retroperitoneal
fat enhancement is normally clearly seen also in
adults following normal contrast doses.

There are many factors involved in determin-
ing the optimal dose for children, and we do not
claim to be in control of all parameters. The most
important observation is the absence of adverse
effects in combination with good imaging results.
On that basis, we propose the formula above as a
starting point for further fine-tuning of the rec-
ommendations. Meanwhile, we are quite con-
vinced that our suggested doses will provide good
imaging results in clinical cases where CEUS can
be expected to deliver valuable medical informa-
tion. We also believe that this procedure is safe for
the children.

Of course, our experience of contrast adminis-
tration in adults is considerably larger. In
parenchymal trauma in non-obese adults it is
advisable to use about 1.2-1.6 ml for the liver and
0.6 ml for the spleen and kidneys. If too much
UCA is given, the parenchymal accumulation of
contrast becomes so dense that the US energy is
attenuated in the shallow areas, making the deep-
er parts of the organ difficult to access.

In all patients, including children, we use the
CPS-optimized 1.5-2.5 MHz sector transducer for
CEUS, with 1.5 MHz as the default. The 1.5-2.5 MHz
CPS-optimised vector transducer with smaller foot-
print is used, when necessary, for proper access,
but this slightly reduces the spatial resolution. There
is also a 2-3 MHz CPS-optimised sector transduc-
er with excellent resolution, but in our opinion it is
generally not contrast-sensitive enough to replace
the other transducers in most trauma applica-
tions, with the exception of small children or very
thin adults. With the default transducers, the res-
olution of the image can also be increased by
choosing the higher frequencies, but this is at the
expense of a signal intensity. Generally speaking,
the highest sensitivity to thin fissures is obtained
by the high signal intensity of the default setting.
This setting also provides the best penetration. It
is essential to maintain a high frame rate, prefer-
ably above 15 fps. Using the zoom box to careful-
ly zoom in on the organ is an efficient way to in-
crease frame rate and noticeably optimize overall
image quality, but MI must then be lowered to
compensate for the increase of frame rate and
scan line density in order not to disrupt the mi-
crobubbles. If in doubt, I advise a small sacrifice
of sharpness to reach a sufficient frame rate, since
thin fissures are easily overlooked if the frame
rate is too low.

Ultrasound in Clinical Practice

In our practice, CEUS is increasingly used as the
first modality for patients with low-energy blunt
abdominal trauma, preferably to one side, if a sen-
ior sonologist is on duty. In the absence of a qual-
ified sonologist, no trauma patients are examined
with US or CEUS, and CT is performed instead.
We discourage any use of US alone for these
patients. On the other hand, CT referrals are
increasingly being converted to CEUS in suitable
trauma cases in the presence of an experienced
sonologist, especially in young patients. If we
determine that the patient is not able to cooperate
well enough for accurate results, or if the essential
organs are inaccessible with US, the patient is
transferred to CT. The optimal CEUS procedures
for trauma are of course subject to discussion and
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may very well be altered by ourselves or others.
Today, with reference to our other CEUS experi-
ence, we have decided to work as described in the
effort to build up a structured knowledge base for
further improvements. In the following text the
descriptions of UCA doses are limited to adults.
Children are presently given doses in accordance
with the formula discussed earlier.

For our CEUS procedures in general we
depend to great extent on our dedicated US work-
stations and organ specific 5-10 second-long stan-
dardised scans mixed with free scanning.
Parenchymal trauma is no exception. Of course,
much of the diagnostic work is done bedside, but
as for all CEUS procedures, storage of full frame
rate dynamic clips is required for softcopy read-
ing of details. With some experience, this method
is quick and efficient. At the workstation we quite
often find additional valuable information that
was overlooked bedside. The re-evaluation proce-
dure has often spared the time of another injec-
tion and examination.

We begin by assessing free fluid according to
the FAST protocol. We always perform US and
CEUS on the side of obvious discomfort and,
depending on the case, also on the other side.
During US, the optimal patient positions, breath
positions and the accessibility of the organ are
assessed for planning of CEUS. For the liver sub-
costal, access is mandatory for full coverage and
cannot be replaced by intercostal scans. If the left

decubitus position does not give subcostal access,
the patient is transferred to CT. The different
enhancement characteristics of the organs mean
that they require different examination approach-
es. For left side trauma, a bolus of 0.6 ml is given.
The left kidney is examined immediately and con-
tinuously, until the end of the homogeneous
phase. It is often stunning how much easier it is to
sharply delineate the kidney with CEUS than with
US. The standardised scans should be slow and
steady, covering the kidney in 5-7 seconds in the
longitudinal plane, and about 10 seconds in the
transverse plane. It is an advantage if the trans-
ducer can be held in the plane of the long axis of
the kidney, but a slight tilt to avoid ribs does not
seem to decrease the detectability of lacerations.
The same applies to the transverse scans. The
complexity of the kidneys means that it is impor-
tant to use at least two roughly perpendicular scan
planes, and if possible to alternate between two
intercostal spaces when the ribs cannot be avoid-
ed. An alteration in position and breath levels is
also an advantage. One has to pay special attention
to the medial parts of the parenchyma adjacent to
the hilum: for reasons not yet understood these
areas sometimes look dark, with a lack of infor-
mation. This can usually be overcome by an
increase in MI. Some attenuation of energy may
be seen in cases where an excessively large dose
has been given, but it decreases with the rapid
wash-out of microbubbles (Fig. 6).

Fig. 6a-d. Adult with mi-
nor right flank trauma and
light haematuria. a Small
haematoma by caudal pole
revealed by US, but no
parenchymalinjuries.b CEUS
beginning of homogeneous
phase with same small
haematoma. cA small super-
ficial laceration in the lateral
renal surface is seen clearly.
d Same laceration in perpen-
dicular view
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When the homogeneous phase of the kidney
ends, the transducer is moved for scanning of the
spleen, which is now in its homogeneous phase.
For best resolution, it is first scanned intercostal-
ly level-by-level with the sector transducer, fol-
lowed by the vector transducer for the perpendi-
cular plane. Some people have a very small spleen
located far from the thoracic wall. Such spleens
are sometimes difficult to see, but by a combina-
tion of breath position and different approaches
the problem is often solved. As stated before, the
contrast accumulation of the spleen is very stable,
allowing plenty of time for extensive scanning.
The dorsocaudal margin of the spleen is usually
easily viewed in great detail by finding the right
intercostal space just below the margin. It is more
difficult to reach the ventrocranial aspect of the
spleen because of the lung, but with breathing
movements and change in angles, it can also be
properly covered in most cases. The energy atten-
uation effect caused by too much contrast is
extreme in the spleen. If the ordinary liver dose of
2.4 ml is mistakenly injected, the depth of pene-
tration into the spleen is usually reduced to a few
centimetres, while the deeper structures are
blocked from access for many minutes. Through
experience, I know that the unprepared examiner
can be quite confused by this phenomenon the
first time it is encountered; a spleen that should
be easily examined with US is replaced after injec-
tion by an impenetrable bright tissue wall just
inside the intercostal space, hiding the other
regions of the spleen. If this happens, the solution
is to destroy all microbubbles in the spleen by
scanning it through using normal MI colour
Doppler and let it refill with the microbubbles in
circulation. Normally, the enhancement will be

CONTRAST AT 5 SEC

properly balanced at this stage, but on a few occa-
sions two bubble destructions have been required
to bring the enhancement down to a homoge-
neous level. Mild attenuation can occur even with
the recommended dose. It may not be obvious,
but it is easy to see when it comes to mind so that
penetration can be increased for better detectabil-
ity. If in doubt, a new exam with 0.3 ml of UCA is
recommended after bubble destruction (Fig. 7).
For right side trauma, 0.6 ml of contrast is
injected following US. The kidney is examined as
described earlier, after which another 1.2 ml is
injected. The liver is already in its homogeneous
phase from the first injection and can be exam-
ined immediately, but optimal enhancement will
arrive within 40 seconds of the second injection.
It may be preferable to divide the second dose
into two boluses given 1-2 minutes apart. In flank
trauma, the right lobe is most likely to be injured,
so when examining the liver for trauma we make
an exception from our liver standard and begin
with the right lobe, with inclusion of the segment
four area, preferably using the left decubitus
position for the best subcostal access. The scan-
ning protocol will not be discussed at length, but
basically it consists of alternating longitudinal
and transverse scans covering the different parts
of the liver, and one or two intercostal scans. The
rib-covered lateral and ventral surface parts of
the right lobe are most easily overlooked, but
with the breathing cooperation of the patient, it is
usually not difficult to achieve good access. We
have found that the deepest breath often is not
optimal, since it pushes the transducer away. An
intermediate inhalation is often the best position.
After covering these parts of the liver, the patient
turns to the supine position and the left lobe is

CONTRAST AT 5 SEC

Fig. 7a, b. a Much too dense attenuetion in the spleen due too a large bolus coveres the medial part of the spleen. b Soon after bubble

destruction the medial part of the spleen is visible
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covered in a similar way. The caudate lobe seems
to be the area outside the right lobe that is most
susceptible to being overlooked, due mainly to
shadowing from the falciform ligament. Often it

is quite easy to find access around the ligament
from a different angle or position of inhalation.
We have not seen attenuation by too dense con-
trast in the liver (Fig. 8).

Fig. 8a-c. Images of 10 year old
who fell in playground. a US in four
positions sees low- and high-echo
areas of liver injury. b CEUS in
about the same positions as US.
shows exact extent of lacerations.
¢ CT less than one hour later is very
similar to CEUS
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From our experience of injuries examined
with both CT and CEUS, we know that mapping of
parenchymal lacerations is possible. With the dif-
ference in scan planes between the modalities it is
sometimes difficult to transfer the exact position
of a rift from one modality to the other. This is
probably of minor importance since follow-ups
are generally done only with standardised CEUS
exams. We have had no significant problems
assessing the lacerations’ depth from the organ
surface or hilum. The existence of an efficient
high frame rate, wide-angle 4D solution would be
an elegant method for overcoming the position-
ing dissimilarities if there is ever need for exact
comparison. It is our definite impression that
CEUS in practice finds more of the very thin lac-
erations than CT. Larger injuries found by CT
have usually been easy to find with CEUS, but
often, additional small rifts have been evident
with CEUS. Subcapsular haematomas have simi-
lar appearance in the three organs. They are
sharply delineated conspicuously dark or black
structures on the surface of the enhancing
parenchyma. The enhancement of surrounding
fat further emphasises these haematomas. Among
our positive cases many had no signs of free
abdominal fluid or subcapsular haematoma.

With experience, we rely increasingly on
CEUS in combination with FAST to rule out lac-
erations in the spleen, liver and kidneys. In recent
cases, with findings of parenchymal damage, CT
has not usually been performed, since mapping
of the lacerations and haematomas for compari-
son with subsequent exams is possible with stan-

dardized scanning protocols. CEUS and FAST are
not sufficient for the evaluation of abdominal
trauma in all individual cases. Poor patient coop-
eration and obesity are probably the most fre-
quent limiting factors, although obesity does not
always prevent successful exams. Other limita-
tions are obstruction by gas or bone and
unfavourable organ locations where parts of the
organs cannot be accessed. Of course, we add CT
if, after CEUS, we determine that for some reason
the organs have not been properly accessed or
penetrated. We also take the patient’s present
symptoms into account when deciding whether
CT is preferable. It is important to communicate
with the patient to find out any additional infor-
mation not expressed in the referral. Sometimes
there is not a clear correlation between the trau-
ma history and the symptoms. If the patient com-
plains of epigastrial pain or the symptoms in
other ways give reason to suspect injuries other
than to the liver, spleen or renal injuries, we are
naturally very liberal in adding CT. So far, our
experience of CEUS in parenchymal trauma is
encouraging, but we remain careful, since our
negative and positive trauma cases are few in
comparison to all our CEUS patients. This is
especially true for the kidneys. However, as long
as our clinical results continue in the same posi-
tive direction we must aim for wider trauma use
by other CEUS-experienced sonologists and for
properly designed further studies. The alterna-
tive is acceptance of unnecessary radiation expo-
sure to a large and increasing number of other-
wise healthy young individuals.

Key Points

+ Low-energy blunt abdominal trauma rarely causes major parenchymal injury.

* Precautionary contrast-enhanced CT is often negative, but exposes an often young popu-

lation to ionising radiation.

+ US has a low sensitivity to parenchymal injuries.

+ Under proper conditions, CEUS is very promising for detecting and excluding parenchy-

mal injuries, even small ones.

+ Provided scientific proof of efficacy, CEUS may replace CT in a vast number of future trau-

ma cases.
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V.4

Prostate Carcinoma

Ferdinand Frauscher

Introduction

Prostate carcinoma is the most common non-
skin cancer affecting men in Europe and the
United States, and is second only to lung cancer
as a cause of cancer deaths in men. In the United
States, an estimated 230 000 men were diagnosed
with prostate cancer in 2004, and nearly 30 000
will die of the disease [1]. Nevertheless, the fact
that the vast majority of tumors are now detect-
ed either localized to the prostate or regionally
spread, while only a small percentage are detect-
ed at the metastatic stage [1], has highlighted the
importance of earlier detection and diagnosis of
the disease. The use of prostate-specific antigen
(PSA) testing has allowed physicians to detect
tumors at much earlier stages of disease, and the
recognition of finer points of disease pathology
has enabled physicians to establish more com-
prehensive and detailed staging criteria [2, 3].

Current research in the areas of detection and
diagnosis are primarily focusing on two main
areas: identification of risk factors for disease in
the general public that warrant regular screen-
ing; identification of imaging strategies for early
detection of disease and disease progression,
and use of these imaging strategies in predicting
outcomes in different patient populations. The
imaging techniques used include US, magnetic
resonance imaging (MRI), and positron emis-
sion tomography (PET) [4].

Prior to the widespread use of PSA screening
in asymptomatic men, prostate cancer was
detected via digital rectal examination (DRE),
and only 25% of newly diagnosed prostate can-
cers were clinically organ-confined [5, 6]. Since
the advent of PSA testing, the percentage of
newly diagnosed organ-confined and locally
advanced disease has increased to more than
80% [1]. Currently, clinical practice guidelines

recommend the use of both PSA and DRE in
asymptomatic men [7, 8]. Although PSA testing
can detect tumors at a far earlier stage than DRE,
DRE as part of a comprehensive physical exam
can help physicians better assess the extent of
the disease and its effect on surrounding organs.
Of note, the positive predictive value (PPV) of
DRE increases with higher PSA levels, and the
addition of DRE can more than double the pre-
dictive value in patients with a PSA level of more
than 4 ng/mL [9]. The use of PSA as a screening
tool can be challenging. Although its name sug-
gests that it is produced and secreted solely by
the prostate gland, PSA is produced by other tis-
sues as well, including the peri-urethral glands,
parotid gland, and adrenal and renal cell tumors,
albeit at very low concentrations [10]. Transient
or persistent elevations in serum PSA concentra-
tions can also reflect changes in the prostate
gland due to chronic or recurrent inflammation,
trauma, ejaculation, urinary retention, and
benign proliferation or enlargement [11-13].
Certain medications, including herbal supple-
ments, can also cause changes in serum PSA [12-
14]. A careful history and repeat PSA measure-
ments can help distinguish between transient
PSA rises due to these conditions and persistent
rises due to prostate cancer, potentially minimiz-
ing unnecessary biopsy of non-cancerous tissue.
Of these, elevated PSA measurements due to
benign conditions, particularly benign prostatic
hyperplasia (BPH), most directly underscores
the difficulty in making a decision about the
need for biopsy in asymptomatic men, even
though cancerous prostate tissue releases up to
30 times more PSA into the serum than hyper-
plastic tissue [10,16]. BPH remains the most
common cause of elevated serum PSA concen-
tration [12]. However, while PSA testing has high
sensitivity, it lacks specificity.
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The standard care in patients with an elevat-
ed PSA and or an abnormal DRE is transrectal
US-guided (TRUS) systematic biopsy of the
prostate [17]. Since gray-scale US has a low sen-
sitivity and specificity for prostate cancer detec-
tion, with the chance of detecting a hypoechoic
lesion - which is the most common appearance
of prostate cancer on gray-scale US - varying
between 3% and 51%. Specifically, TRUS is limit-
ed by the inability to detect isoechoic tumors
(Fig. 1) and by the often heterogeneous appear-
ance of the prostate. Therefore Hodge et al. [18]
introduced the ‘sextant biopsy approach’in 1989,
which is still a standard technique worldwide.
However, numerous studies have shown that the
sextant technique misses up to 35% of clinically
relevant cancers [19]. This has resulted in studies
using new biopsy strategies with more laterally
directed cores and a higher number of cores
overall (i.e., saturation biopsies with up to 45
cores). Analyzing the results, several studies have
reported no significant improvement when per-
forming a higher number of cores [20].

In order to improve the detection of prostate
cancer, additional three-dimensional/four-dimen-
sional (3D/4D) (Fig. 2) color and power Doppler
US have been used. Color Doppler US has been
applied to evaluate vascularity within the prostate
and the surrounding structures [29-34]. The moti-
vation behind the application of color Doppler US
is to detect tumor neovascularity. Cancerous tis-
sue generally grows more rapidly than normal tis-
sue, and demonstrates increased blood flow, as
compared to normal tissue and benign lesions.
Color Doppler US may demonstrate an increased
number of visualized vessels, as well as an

Fig. 1. Transrectal gray-scale ultrasound of the prostate. The
transverse ultrasound scan shows no focal abnormality. The isoe-
choic cancer was located at the left side (Reprinted with permis-
sion from [17a])

Fig. 2. 4D ultrasound image in a patient with prostate cancer. No
focal abnormality is seen. The cancer was detected by systematic
biopsy at the right base (Reprinted with permission from [17a])

increase in flow rate, size and irregularity of ves-
sels within prostate cancer. Three different flow
patterns may be associated with prostate cancer:
diffuse flow, focal flow and surrounding flow [21].
The most frequently identified flow pattern is dif-
fuse flow within the lesion. Early results have sug-
gested that up to 85% of men with prostate can-
cers greater than 5 mm in size have visibly
increased flow in the area of tumor involvement.
In addition, hypervascularity may be seen in
patients with more difficult to identify isoechoic
and hyperechoic lesions (Fig. 3).

In a recent study Halpern et al. [35] assessed
the value of gray-scale, color and power Doppler

15:0.644
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Fig. 3. Power Doppler ultrasound of the prostate. A hypoechoic
hypervascular lesion is seen on the left side representing prostate
cancer (Reprinted with permission from [17a])



IV.4 « Prostate Carcinoma 207

US for the detection of prostatic cancer. They
investigated 251 patients prior to biopsy. Each
biopsy site was prospectively scored for gray-
scale abnormalities and Doppler flow. Cancer
was detected in 211 biopsy sites from 85 patients.
Overall agreement between sonographic find-
ings and biopsy results as measured with the
kappa statistic was minimally superior to chance
(kappa = 0.12 for gray-scale, kappa = 0.11 for
color Doppler, kappa = 0.09 for power Doppler).
Among patients with at least one positive biopsy
for cancer, foci of increased power Doppler flow
were 4.7 times more likely to contain cancer than
adjacent tissues without flow. They concluded
that power Doppler may be useful for targeted
biopsies when the number of biopsy passes must
be limited, but that there is no substantial advan-
tage of power Doppler over color Doppler. Other
investigators suggest that although Doppler flow
patterns may correlate with microvascular den-
sity, Doppler imaging does not provide sufficient
sensitivity to preclude biopsy.

Clinical Application

Contrast-Enhanced Ultrasound

Color/Power Doppler Ultrasound

Recently developed US contrast agents can
improve the detection of low-volume blood flow
by increasing the signal-to-noise ratio [36-39].
Intravascular contrast agents allow a more com-
plete delineation of the neovascular anatomy, by
enhancing the signal strength from small ves-
sels. Furthermore, these agents may be used to
time the transit of an injected bolus. Unlike radi-
ographic contrast media, which diffuse into the
tissue and may obscure smaller vessels,
microbubble echo-enhancing agents are con-
fined to the vascular lumen, where they persist
until they dissolve. Contrast agents are made of
gas bubbles small enough to cross through capil-
lary beds. They have two important acoustic
properties. First, they are many times more
reflective than blood, thus improving flow detec-
tion. Second, their vibrations generate higher
harmonics to a much greater degree than sur-
rounding tissues. The half-life of contrast agents
is dependent on bubble construction. Bubbles
can be free or encapsuled in soft or hard shells.
The duration of enhancement after injection
may lasts from a few seconds to many minutes,
depending on the bubble type.

Radge et al. [40] performed TRUS microbub-
ble contrast angiography of the prostate in 1996
in 15 patients with PSA elevations. Fourteen had
a negative prior biopsy (1-3 x). Prostate cancer

was detected in five patients. Microvascular pat-
terns were judged abnormal in eight patients,
two of which proved malignant, two of which
were benign, and one of which was diagnosed
with prostatitis. False-negative results were
observed in three patients, whose positive biop-
sy sites were from the prostate apex. The authors
concluded that following contrast agent admin-
istration, prostate blood vessel image enhance-
ment was noted in all patients, and there were no
adverse reactions during or after EchoGen
administration with the dose employed.
Watanabe [41] reported the use of a microbubble
contrast agents (SH/TH508) in nine cases with
prostate cancer. Blood flow images were
enhanced in all these cases. Even in cases of
localized cancer, blood flow images were visual-
ized clearly in the cancer lesion.

In a previous study at our institution, we
examined the use of contrast-enhanced color
Doppler US in 72 patients identified by PSA
screening. Using a quantitative scale to character-
ize the degree of vascularity, the technique had a
sensitivity of 53%, specificity of 72%, and a PPV
of 70% in distinguishing prostate cancer from
benign lesions [42].

Bree at al. [43] reported the potential use of
contrast-enhanced color Doppler to increase the
diagnostic yield in a group of 17 patients with
normal gray-scale TRUS and elevated PSA val-
ues. Correlation of biopsy sites with color
Doppler US abnormalities revealed a sensitivity
of 54%, a specificity of 78%, a PPV of 61%, and a
negative predictive value (NPV) of 72% for the
detection of prostate cancer. Three of the cases
with a positive contrast-enhanced biopsy site
had negative TRUS random biopsy within the
previous year [31].

Bogers et al. [44] evaluated contrast-enhanced
3D imaging of the prostate vasculature with
power Doppler. 3D power Doppler images were
obtained before and after intravenous adminis-
tration of 2.5 g Levovist (Schering, Germany).
Subsequently, random and/or directed TRUS-
guided biopsies were performed. Prostate vascu-
lature was judged with respect to symmetry and
vessel distribution. Eighteen patients with a sus-
picion of prostate cancer either because of an
elevated PSA (greater than 4.0 ng/mL; Tandem-
R-assay) or an abnormal DRE were included in
the study. Prostate cancer was detected in 13
patients. Vascular anatomy was judged abnormal
in unenhanced images in six cases, of which five
proved malignant. Enhanced images were con-
sidered suspicious for malignancy in 12 cases,
including one benign and 11 malignant biopsy
results. Sensitivity of enhanced images was 85%
(specificity 80%) compared with 38% for unen-
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hanced images (specificity 80%) and 77% for
conventional gray-scale TRUS (specificity 60%).
Among six patients who showed no gray-scale
abnormalities, vascular patterns were judged
abnormal in four cases, of which three were
malignant. Based on these findings, the authors
concluded that contrast-enhanced 3D power
Doppler angiography is feasible in patients with
potential prostate cancer who are scheduled for
prostate biopsies.

A more recent analysis by the same group
suggested that 3D contrast-enhanced power
Doppler US is a better diagnostic tool than the
DRE, PSA level, gray-scale US or power Doppler
US alone. The most suitable diagnostic predictor
for prostate cancer was a combination of 3D con-
trast-enhanced power Doppler US and PSA lev-
els [45].

In a further study, we compared contrast-
agent enhanced transrectal color Doppler-tar-
geted biopsy with conventional gray-scale US-
guided systematic biopsy for the detection of
prostate cancer. 90 consecutive screening volun-
teers with no symptoms, who took part in the
PSA screening programme (serum total PSA >
1.25 ng/mL and free to total PSA ratio < 18%)
were studied [46]. Six patients were excluded
because they did not complete the protocol (due
to pain, problems with anesthesia, or imaging).
Therefore, 84 patients (mean age: 57 [SD11]
years) were included in our study. Two inde-

pendent investigators assessed each patient. One
investigator used contrast agent-enhanced
colour Doppler imaging with a Sequoia 512 unit
(Siemens Medical Solutions, USA) fitted with an
end-fire probe operating at a Doppler frequency
of 9 MHz. Biopsy samples were targeted at the
hypervascular regions. The number of targeted
biopsies was limited to five or fewer per patient.
Targeted biopsies were obtained during intra-
venous infusion of Levovist with a concentration
of 300 mg/mL, at an infusion rate of 1 mL/min to
a maximum dose of 5 g. The contrast agent-
enhanced color Doppler study was done before
the systematic biopsy samples were taken,
because the reverse could produce hyperemia
that would be misleading. Subsequently, a second
investigator took ten systematic biopsy samples
of the prostate in a standard spatial distribution
guided by conventional gray-scale ultrasonogra-
phy on a Combison 530MT unit (Kretztechnik,
Austria). Cancer detection rates for the two tech-
niques were compared. Prostate cancer was pres-
ent in 24 (29%) of 84 patients, with a mean total
PSA of 3.7 ng/mL. Prostate cancer was detected
in 23 (27%) of 84 patients with contrast agent-
enhanced color Doppler targeted biopsy, and in
17 (20%) of 84 patients with systematic conven-
tional gray-scale US-guided biopsy (Fig. 4).
Prostate cancer was detected by contrast agent-
enhanced color Doppler in seven (8%) patients
with a negative systematic biopsy sample. In one

Fig. 4a-c. Contrast-enhanced color Doppler ultrasound in a
patient with an elevated PSA. a Gray-scale ultrasound shows no
focal abnormality. b Unenhanced color Doppler ultrasound shows
no hypervascular lesion. ¢ Contrast-enhanced color Doppler ultra-
sound shows a hypervascular lesion at the left mid-gland.
Targeted biopsies out of this lesion were shown to be prostate
cancer (Reprinted with permission from [17a])
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patient, prostate cancer was detected only on
systematic biopsy. The by-patient analysis shows
a significant improvement in the detection of
prostate cancer with contrast agent-enhanced
color Doppler-targeted biopsy compared with
systematic conventional gray-scale US-guided
biopsy (McNemar’s test: p = 0.034). On the basis
of our analysis of individual biopsy cores, the
detection rate of contrast agent-enhanced color
Doppler targeted biopsy (13% or 55/409 cores)
was better than the detection rate of systematic
gray-scale US-guided biopsy (4.9% or 41/840
cores). To compare these detection rates and
compensate for the patient-clustered nature of
our biopsy data, conditional logistic-regression
analysis was done. The odds ratio for detection
of cancer by contrast agent-enhanced color
Doppler-targeted biopsy versus systematic gray-
scale US-guided biopsy was 4.3 (p < 0.001 [95%
CI 2.6-7.1]). In addition, with respect to cost the
targeted biopsy approach in our study resulted
in a decrease in core samples and reduction of
pathological interpretation costs by more than
50% (US$110 per patient). Furthermore, the
reduced number of biopsies generally results in
fewer complications (i.e., pain, hematuria, or
hematospermia). The Gleason score of all can-
cers detected by contrast agent-enhanced colour
Doppler-targeted biopsy was 6 or higher. The
Gleason score provides a histological grade of
prostate cancer based upon the degree of glan-
dular differentiation with grades ranging from 2

to 10 (grade 2 = more differentiated, grade 10 =
least differentiated). The one cancer that was
missed with contrast agent-enhanced imaging
showed no hypervascular areas, and a Gleason
score of 4. Published studies based upon the
Connecticut tumour registry suggest no loss of
life expectancy in conservatively treated men
with Gleason scores of 2 to 4, and only a modest
risk of death at Gleason scores of 5 and 6.
Therefore, based on our preliminary data, con-
trast agent-enhanced color Doppler detected all
clinically significant cancers in our series.
Therefore, these preliminary suggest that this
technique may allow for a limited targeted biop-
sy approach, which will be cost-effective provid-
ed that the cost of the US contrast-agent ($65 per
patient) is less than the savings based upon the
reduced number of biopsy cores ($110 per
patient). However, these results should be con-
firmed for different populations in other coun-
tries to determine whether a limited, targeted
biopsy approach is applicable in other clinical
settings.

To further evaluate these preliminary data we
performed the same approach in an additional
230 male screening volunteers [47]. Cancer was
detected in 69 of the 230 patients (30%), includ-
ing 56 (24.4%) by contrast-enhanced targeted
biopsy and in 52 (22.6%) by systematic biopsy
(Figs. 5, 6). Cancer was detected by targeted
biopsy alone in 17 patients (7.4%) and by sys-
tematic biopsy alone in 13 (5.6%). The overall

Fig. 5a, b. Contrast-enhanced color Doppler ultrasound in a patient with an elevated PSA. a Gray-scale ultrasound shows no focal abnor-
mality at the apex. b Contrast-enhanced color Doppler ultrasound shows a hypervascular lesion at the left apex, which proved to be
prostate cancer (Reprinted with permission from [17a])
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Fig. 6a-e. Contrast-enhanced color and power Doppler ultra-
sound in a patient with an elevated PSA. a Gray-scale ultrasound
shows no focal abnormality. b Unenhanced color Doppler ultra-
sound shows no hypervascular lesion. ¢ Unenhanced power-
Doppler ultrasound shows no hypervascular lesion. d Contrast-
enhanced color Doppler ultrasound shows a hypervascular lesion
at the right mid-gland, representing prostate cancer. e Contrast-
enhanced power Doppler ultrasound shows a hypervascular lesion
at the right mid-gland, representing prostate cancer (Reprinted
with permission from [47a])
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cancer detection rate by patient was not signifi-
cantly different for targeted and systematic biop-
sy (p = 0.58). However, the detection rate for tar-
geted biopsy cores (10.4% or 118 of 1139 cores)
was significantly better than for systematic biop-
sy cores (5.3% or 123 of 2300 cores, p < 0.001).
Contrast-enhanced targeted biopsy in a patient
with cancer was 2.6-fold more likely to detect
prostate cancer than systematic US-guided biop-
sy, though contrast-enhanced targeted biopsy
alone is a reasonable approach for decreasing the
number of biopsy cores.

Roy et al. [48] investigated the accuracy of
contrast-enhanced color Doppler endorectal US
to guide biopsy for the detection of prostate can-
cer. They studied a total of 85 patients with gray-
scale and color Doppler before and during intra-
venous injection of US contrast agent made of
galactose-based air microbubbles. The biopsy
protocol was performed during contrast injec-
tion. An additional 18 directed cores were
obtained based on contrast-enhanced imaging.
Diagnostic efficiencies with and without con-
trast medium injection for detecting prostate
cancer were compared based on biopsy results.
Cancer was identified in a total of 58 biopsy sites
in 54 patients. Gray-scale imaging revealed 96
abnormal hypoechoic nodules or irregular zones
inside the outer gland, of which 48 were malig-
nant on pathological evaluation. Contrast-
enhanced color Doppler had higher sensitivity
(93%) than unenhanced color Doppler (54%),

while specificity increased only 79% to 87% for
enhanced imaging. Nine of ten isoechoic suspi-
cious zones were depicted with enhancement,
while unenhanced Doppler detected seven of
them. There was no significant difference
between the intensity of enhancement and
tumor Gleason scores. Roy et al. concluded that
contrast-enhanced color Doppler endorectal US
increases the detection of prostate cancer.
Improvement in sensitivity was high, while the
difference in specificity was not as pertinent.
Contrast-enhanced color Doppler endorectal US
is an accurate technique, which uses a common
US unit. This technique is easy to perform and
not time-consuming. Obtaining additional biop-
sy cores of suspicious enhancing foci significant-
ly improves the detection rate of cancer.

Sedelaar et al. [49] demonstrated the correla-
tion between microvessel density (MVD) and 3D
contrast-enhanced power Doppler imaging. In
all patients, the enhanced side of the prostate
was correlated with a higher MVD count.
Concerning the MVD and the color pixel densi-
ty, we found similar results doing contrast-
enhanced color Doppler US using the US con-
trast agent Levovist (Fig. 7) [50].

Gray-Scale Harmonic Ultrasound

A new approach to contrast-enhanced imaging
of the prostate is gray-scale harmonic US using
phase- or pulse-inversion, or a single pulse tech-

Fig. 7a, b. Comparison between microvessel density (MVD) and contrast-enhanced color-pixel-density. a Contrast-enhanced color
Doppler ultrasound shows a hypervascular lesion representing prostate cancer at the right mid-gland with a high color pixel density. b
Immunhistochemistry shows a high MVD (vessels outlined in brown) (Reprinted with permission from [17a])
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nology to exploit the non-linear behavior of the
bubbles in order to differentiate blood flow
echoes from background tissue with high con-
trast, and spatial resolution. Albrecht et al. [51]
demonstrated this technique in 39 human sub-
jects. Gray-scale enhancement of vessels and
organ parenchyma was seen in all cases.
Enhancement occurred from both flowing and
stationary microbubbles. Flow-independent
enhancement of tissue represents a major
advance in contrast-enhanced US with many
potential applications, especially in tumor imag-
ing.

In a preliminary study of 26 subjects, Halpern
et al. [52] investigated the usefulness of contrast-
enhanced US to depict vascularity in the
prostate. Continuous gray-scale and intermittent
gray-scale imaging were performed at the funda-
mental frequency. Phase inversion gray-scale
imaging was available only for the final few sub-
jects in the study. US findings were correlated
with sextant biopsy results. After the administra-
tion of the contrast material Imagent (Alliance
Pharmaceutical Corp. USA), gray-scale and
Doppler images revealed visible enhancement
(p < 0.05). Using intermittent imaging, the
authors found focal enhancement in two isoe-
choic tumors that were not visible on baseline
images. No definite focal area of enhancement
was identified in any patient without cancer.
Furthermore, contrast-enhanced images revealed
obvious enhancement of transient hemorrhage in
the biopsy tracts of three patients. They conclud-
ed that gray-scale as well as Doppler enhance-
ment of the prostate can be seen on US images
after the administration of an intravenous con-
trast agent, and that contrast-enhanced intermit-
tent US of the prostate may be useful for the selec-
tive enhancement of malignant prostatic tissue.

Halpern et al. [53] have recently completed a
prospective study of contrast-enhanced TRUS in
60 patients who underwent sextant biopsy of the
prostate. All examinations were performed with
the Sonoline Elegra (Siemens Medical Systems,
Ultrasound Group, USA) using gray-scale har-
monic imaging. Each subject was evaluated with
conventional gray-scale, harmonic gray-scale
and power Doppler US prior to contrast infu-
sion. The evaluation was repeated during intra-
venous infusion of Definity (DuPont Pharma-
ceuticals, USA). Gray-scale imaging was per-
formed in continuous mode and with intermit-
tent imaging using interscan delay times of 0.5,
1.0, 2.0 and 5.0 seconds. Each biopsy was scored
prospectively as benign or malignant on baseline
imaging, and again during contrast-enhanced
TRUS. Prostate cancer was present in 37 biopsy
sites from 20 subjects. Baseline imaging demon-

strated cancer in 14 sites from 11 subjects.
Contrast-enhanced TRUS showed cancer in 24
sites from 15 subjects. Each of the five subjects
whose prostate cancer was not detected by con-
trast-enhanced TRUS had only a single positive
biopsy core with a Gleason score of 6 or less. The
improvement in sensitivity from 38% at baseline
to 65% with contrast was significant (p < 0.004)
(Fig. 7). Specificity was not significantly different
at baseline (83%) and during contrast imaging
(80%). These results suggest that contrast-
enhanced TRUS may improve sensitivity for
prostate cancer detection without substantial
loss of specificity.

In another study the value of directed biopsy
for the detection of prostate cancer during con-
trast-enhanced endorectal gray-scale harmonic
US was assessed. Forty patients were evaluated
with harmonic gray-scale US. The evaluation
was performed before administration of contrast
agent, during continuous intravenous infusion of
perflutren lipid microspheres, and again during
bolus administration of the microspheres.
Sextant biopsy sites were scored prospectively on
a six point scale for suggestion of malignancy at
baseline during contrast infusion and after bolus
administration. An additional directed core was
obtained at 20 of the sextant biopsy sites based
on contrast-enhanced imaging. Cancer was iden-
tified in 30 biopsy sites in 16 of the patients
(40%). A suspicious site identified during con-
trast-enhanced TRUS was 3.5 times more likely
to have positive biopsy findings than the adja-
cent site that was not suggestive of malignancy
(p < 0.025). When a suspicious site was evaluated
with an additional biopsy core, the site was five
times more likely to have a biopsy with positive
findings than a standard sextant site (p < 0.01).
No difference in diagnostic accuracy was found
between the continuous infusion of contrast
material and bolus administration. The authors
concluded that contrast-enhanced transrectal
gray-scale harmonic US improves the sono-
graphic detection of malignant foci in the
prostate. The performance of multiple biopsies
of suspicious enhancing foci significantly
improves the detection of cancer. However, no
advantage to additional examination of the
gland after bolus administration of contrast
material was found [54].

A more recent analysis by the same group
assessed prostate cancer detection and discrimi-
nation of benign from malignant prostate tissue
with contrast-enhanced US. 301 subjects
referred for prostate biopsy were evaluated with
contrast-enhanced US using continuous har-
monic imaging (CHI) and intermittent harmon-
ic imaging (IHI) with interscan delay times of
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0.2, 0.5, 1.0, 2.0 seconds, as well as continuous
color and power Doppler. Targeted biopsy cores
were obtained from sites of greatest enhance-
ment, followed by spatially distributed cores in a
modified sextant distribution. Prostate cancer
was detected in 363 biopsy cores from 104 of 301
subjects (35%). Cancer was found in 15.5% (175 of
1133) of targeted cores and 10.4% (188 of 1806) of
sextant cores (p < 0.01) (Figs. 8, 9). Among sub-
jects with cancer, targeted cores were twice as
likely to be positive (odds ratio [OR] = 2.0,
p < 0.001). Clustered receiver operating charac-
teristic (ROC) analysis of imaging findings at
sextant biopsy sites yielded the following Az val-
ues: pre-contrast gray scale: 0.58; pre-contrast
color Doppler: 0.53; pre-contrast power Doppler:
0.58; CHI: 0.62; THI (0.2 sec): 0.64; IHI (0.5 sec):
0.63; THI (1.0 sec): 0.65; IHI (2.0 sec): 0.61; con-
trast-enhanced color Doppler: 0.60; contrast-
enhanced power Doppler: 0.62. A statistically
significant benefit was found for IHI over base-
line imaging (p < 0.05). Prostate cancer detection
rate of contrast-enhanced targeted cores is sig-
nificantly higher when compared with sextant

cores. Contrast-enhanced TRUS with ITHI pro-
vides a statistically significant improvement in
discrimination between benign and malignant
biopsy sites. However, given the relatively low
ROC areas, this technique may not be sufficient
to predict which patients have benign versus
malignant disease [55].

In a preliminary study we investigated con-
trast agent dynamics with gray-scale harmonic
US. We have investigated 15 patients with biopsy-
proven prostate cancer with a Technos MPX unit
(Esaote Biomedica, Italy) and gray-scale harmon-
ic imaging (contrast-tuned imaging [CnTI]). We
have used the contrast agent SonoVue (Bracco
Imaging, Italy) by bolus administration in a dose
of 4.8 ml and have evaluated degree, onset, and
duration of contrast-enhancement. We found in
14 of 15 prostate cancers (93%) an earlier and
higher enhancement with a faster wash-out when
compared to normal prostate tissue (unpublished
data) (Fig. 10). Therefore these preliminary
results demonstrate that assessment of contrast
agent dynamics may offer new perspectives in
prostate cancer diagnosis.

Fig. 8a, b. Gray-scale harmonic ultrasound in a patient with
prostate cancer (CnTl-technique). a Continuous administration of
the contrast agent shows no enhancing lesion. b Intermittent
imaging (interscan delay of 2 s) shows an enhancing area at the
left mid-gland, which has been proven to be prostate cancer
(Reprinted with permission from [17a])

Fig. 9a, b. Gray-scale harmonic ultrasound in a patient with
prostate cancer (ECl-techique). a Intermittent imaging (interscan
delay of 0.5 s) shows no enhancing area in the prostate. b
Intermittent imaging (interscan delay of 2 s) shows an enhancing
area at the left mid-gland, which was been proven to be prostate
cancer (Reprinted with permission from [17a])
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Conclusion and Perspectives

Overall the detection of prostate cancer is signif-
icantly improved by the use of contrast-enhanced
US. Contrast-enhanced US allows for targeted
biopsies, which significantly reduces the num-
ber of biopsy cores, costs and patient morbidity.
In addition, contrast-enhanced US has shown an
excellent correlation with the Gleason score,
which means that contrast-enhanced US im-
proves prostate cancer grading. The good corre-
lation between MVD and color pixel density of-
fers new perspectives for assessment of prostate
cancer prognosis. Preliminary data on the as-
sessment of contrast agent dynamics seem to of-
fer new perspectives in discrimination between
malignant and benign prostate tissue. However,
substantial uncertainty remains in the interpre-
tation of contrast-enhanced TRUS images. In a re-
cent study, 16% (59/360) of contrast-enhanced
TRUS images were rated as indeterminate with
respect to vascular enhancement. Future studies
of contrast-enhanced TRUS should investigate
new techniques to optimize the signal from con-
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Fig. 10a-c. Contrast agent dynamics in a patient with prostate
cancer. a Gray-scale ultrasound shows no focal abnormality. b
Time-intensity curve of the right side without cancer ¢ Time-inten-
sity curve obtained from the cancer area shows a higher contrast-
enhancement and a faster wash-out (Reprinted with permission
from [17a])

trast agents in the prostate, and to maximize the
difference in signal between benign and malig-
nant tissues. Halpern et al. reported greater en-
hancement with intermittent imaging and bolus
administration of contrast. New imaging tech-
niques may be developed to reduce bubble de-
struction during imaging. Since the prostate is
generally evaluated with a frequency in the range
of 5.0-7.5 MHz, newer bubble agents that res-
onate at higher frequencies may provide better
signals. Alternatively, harmonic imaging at low-
er frequencies or with subharmonics may be use-
ful with current contrast agents [56, 57]. Target-
ed’ microbubbles are under development. These
microbubbles bind to certain substances or tis-
sues, and could therefore make contrast-en-
hanced US even more sensitive.

In summary, we have just entered the era of
contrast-enhanced US of the prostate. The first
clinical evaluations show promising results, and
more research should be focused on clinical
evaluation of the available techniques. Hopefully,
this will result in the accuracy of imaging we
urgently need for prostate cancer detection and
localization.
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Key Points

+ The detection of prostate cancer is significantly improved by the use of CEUS.

CEUS allows for targeted biopsies, which significantly reduces the number of biopsy

cores, costs and patient morbidity.

CEUS has shown an excellent correlation with the Gleason score: CEUS improves

prostate cancer grading.

The good correlation between MVD and color pixel density offers new perspectives
for assessment of prostate cancer prognosis.

Preliminary data on the assessment of contrast agent dynamics seem to offer new
perspectives in discrimination between malignant and benign prostate tissue.

References

10.

11.

12.

. Jemal A, Tiwari RC, Murray T et al (2004) Cancer sta-

tistics, CA Cancer J Clin. 54:8-29

D’Amico AV, Moul JW, Carroll PR (2003) Surrogate
end point for prostate cancer-specific mortality af-
ter radical prostatectomy or radiation therapy. ] Natl
Cancer Inst 95:1376-1383

D’Amico AV, Chen MH, Roehl KA, Catalona W]
(2004) Preoperative PSA velocity and the risk of
death from prostate cancer after radical prostatec-
tomy. N Engl ] Med 351:125-135

Carey BM (2005) Imaging for prostate cancer
prostate carcinoma. Clin Oncol (R Coll Radiol) 7:553-
559

Smith DS, Catalona WJ (1994) The nature of prostate
cancer detected through prostate specific antigen
based screening. J Urol 152:1732

Catalona WJ, Smith DS, Ratliff TL et al (1993) Detec-
tion of organ-confined prostate cancer is increased
through prostate-specific antigen-based screening.
JAMA 270:948-954

Smith RA, Cokkinides V, Eyre HJ (2003) American
Cancer Society guidelines for the early detection of
cancer, 2003. CA Cancer J Clin 53:27-43

Smith RA, von Eschenbach AC, Wender R et al (2001)
American Cancer Society guidelines for the early de-
tection of cancer: update of early detection guide-
lines for prostate, colorectal, and endometrial can-
cers. CA Cancer J Clin 51:38-75

Carroll PR, Lee KL, Fuks ZY et al (2001) Cancer of
the prostate. In: DeVita VT Jr, Hellman S, Rosen-
berg SA (eds) Cancer: Principles and Practice of
Oncology, 6th edn. Lippincott, Williams, & Wilkins,
Philadelphia, Chapter 34

Partin AW, Hanks GE, Klein EA et al (2002) Prostate-
specific antigen as a marker of disease activity in
prostate cancer. Oncology (Hunting) 16:1024-1038,
1042,1047-1048

Gretzer MB, Partin AW (2003) PSA markers in
prostate cancer detection. Urol Clin North Am
30:677-686

Caplan A, Kratz A (2002) Prostate-specific antigen
and the early diagnosis of prostate cancer. Am J Clin
Pathol 117(suppl):S104-S108

13.

14.

15.

16.

17.

DeMarzo AM, DeWeese TL, Platz EA et al (2004)
Pathological and molecular mechanisms of prostate
carcinogenesis: implications for diagnosis, detec-
tion, prevention, and treatment. J Cell Biochem
15:459-477

Oh WK, George DJ, Kantoff PW (2002) Rapid rise of
serum prostate specific antigen levels after discon-
tinuation of the herbal therapy PC-SPES in patients
with advanced prostate carcinoma: report of four
cases. Cancer 94:686-689

Stamey TA, Kabalin JN, McNeal JE et al (1989)
Prostate specific antigen in the diagnosis and
treatment of adenocarcinoma of the prostate: II.
Radical prostatectomy treated patients. J Urol
141:1076

Morgan TO, Jacobsen SJ, McCarthy WF et al (1996)
Age-specific reference ranges for prostate-specific
antigen in black men. N Engl ] Med 335:304-310
Carter HB, Coffey DS (1990) The prostate: an in-
creasing medical problem. Prostate 16:39-48

17a.Frauscher F, Pallwein L, Klauser A et al (2005) Ultra-

18.

19.

20.

21.

22.

23.

sound contrast agents and prostate cancer. Radi-
ologe 45:544-551

Hodge KK, McNeal JE, Terris MK, Stamey TA (1989)
Random systematic versus directed ultrasound guid-
ed transrectal core biopsies of the prostate. ] Urol
142:71-74

Eskew LA, Bare RL, McCullough DL (1997) System-
atic 5 region prostate biopsy is superior to sextant
method for diagnosing carcinoma of the prostate. J
Urol. 157:199-202

Naughton CK, Miller DC, Mager DE (2000) A
prospective randomized trial comparing 6 versus 12
prostate biopsy cores: impact on cancer detection. ]
Urol 164:388-392

Rifkin MD, Sudakoff GS, Alexander AA (1993)
Prostate: techniques, results, and potential applica-
tions of color Doppler US scanning. Radiology
186:509-513

Kelly IM, Lees WR, Rickards D (1993) Prostate can-
cer and the role of color Doppler US. Radiology
189:153-156

Newman JS, Bree RL, Rubin JM (1995) Prostate can-



216

Enhancing the Role of Ultrasound with Contrast Agents

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

cer: diagnosis with color Doppler sonography with
histologic correlation of each biopsy site. Radiolo-
gy 195:86-90

Littrup PJ, Klein RM, Gross ML et al (1995) Color
Doppler of the prostate: histologic and racial corre-
lations. Radiology 197:365

Ismail M, Petersen R0, Alexander AA et al (1997) Col-
or Doppler imaging in predicting the biologic behav-
ior of prostate cancer: correlation with disease-free
survival. Urology 50:906-912

Ismail M, Gomella LG, Alexander AA (1997) Color
Doppler sonography of the prostate. Tech Urol 3:140-
146

Alexander AA (1995) To color Doppler image the
prostate or not: that is the question. Radiology
195:11-13

Rifkin MD, Alexander AA, Helinek TG, Merton DA
(1991) Color Doppler as an adjunct to prostate
ultrasound. Scand J Urol Nephrol Suppl 137:85-89
Sillman F, Boyce J, Fruchter R (1981) The signifi-
cance of atypical vessels and neovascularization in
cervical neoplasia. Am ] Obstet Gynecol 139:154-
159

Srivastava A, Laidler P, Davies RP et al (1988) The
prognostic significance of tumor vascularity in in-
termediate- thickness (0.76-4.0 mm thick) skin
melanoma. A quantitative histologic study. Am ]
Pathol 133:419-423

Weidner N, Semple JP, Welch WR, Folkman J (1991)
Tumor angiogenesis and metastasis - correlation
in invasive breast carcinoma. N Engl ] Med 324:1-8
Brawer MK, Deering RE, Brown M et al (1994) Pre-
dictors of pathologic stage in prostatic carcinoma.
The role of neovascularity. Cancer 73:678-687
Fleischer AC, Rodgers WH, Rao BK et al (1991) As-
sessment of ovarian tumor vascularity with trans-
vaginal color Doppler sonography. J Ultrasound
Med 10:563-568

Cho JY, Kim SH, Lee SE (1998) Diffuse prostatic le-
sions: role of color and power Doppler ultrasonog-
raphy. J Ultrasound Med 17:283-287

Halpern EJ, Sirup SE (2000) Using Gray-scale and
Color and Power Doppler sonography to detect pro-
static cancer. Am ] Roentgenol AJR 174:623-627
Kedar RP, Cosgrove D, McCready VR et al (1996)
Microbubble contrast agent for color Doppler US: ef-
fect on breast masses. Work in progress. Radiology
198:679-686

37.Forsberg F, Merton DA, Liu JB et al (1998) Clinical ap-

38.

39.

40.

41.

42,

plications of ultrasound contrast agents. Ultrason-
ics 36:695-701

Forsberg E, Liu JB, Bums PN et al (1994) Artifacts in
ultrasonic contrast agent studies. ] Ultrasound Med
13:357-65

Goldberg BB, Liu ]B, Forsberg F (1994) Ultrasound
contrast agents: a review. Ultrasound Med Biol
20:319-333

Ragde H, Kenny GM, Murphy GP, Landin K (1997)
Transrectal ultrasound microbubble contrast an-
giography of the prostate. Prostate 32:279-283
Watanabe M (1998) Color Doppler enhancement
with contrast agents for the detection of prostatic
cancer. Nippon Rinsho 56:1040-1044

Frauscher E, Helweg G, Gotwald TF et al (1998) The

43.

44.

value of contrast-enhanced color Doppler ultra-
sonography in the diagnosis of prostate cancer. Ra-
diology 209:417 (abstract)

Bree RL,DeDreu SE (1998) Contrast-enhanced col-
or Doppler of the prostate as an adjunct to gray-scale
identification of cancer prior to biopsy. Radiology
209:418

Bogers HA, Sedelaar JP, Beerlage HP et al (1999)
Contrast-enhanced three-dimensional power
Doppler angiography of the human prostate: corre-
lation with biopsy outcome. Urology 54:97-104

45, Unal D, Sedelaar JP, Aarnink RG et al Three-dimen-

sional contrast-enhanced power Doppler ultra-
sonography and conventional examination methods:
the value of diagnostic predictors of prostate cancer.
BJU Int (in press)

46. Frauscher F, Klauser A, Halpern EJ et al (2001) De-

47.

47a.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

tection of prostate cancer with a microbubble ultra-
sound contrast agent. Lancet 357:1849-1850
Frauscher F, Klauser A, Volgger H et al (2002) Com-
parison of contrast-enhanced color Doppler target-
ed biopsy with conventional systematic biopsy: im-
pact on prostate cancer detection. J Urol
167:1648-1652

Frauscher F,Klauser A, Berger AP (2003) The value
of ultrasound (US) in the diagnosis of prostate can-
cer. Radiologe 43:455-463

Sedelaar JP, Van Leenders GJ, Hulsbergen-Van De
Kaa CA et al (2001) Microvessel density: correla-
tion between contrast ultrasonography and histol-
ogy of prostate cancer. Eur Urol 40:285-293

Roy C,Buy X, Lang H et al (2003) Contrast-enhanced
color Doppler endorectal sonography of prostate: ef-
ficiency for detecting peripheral zone tumors and
role for biopsy procedure. ] Urol 170:69-72
Strohmeyer D, Frauscher F, Klauser A et al (2001)
Contrast-enhanced transrectal color Doppler ultra-
sonography (TRCDUS) for assessment of angiogen-
esis in prostate cancer. Anticancer Res 21:2907-2913
Albrecht T, Hoffmann CW, Schettler S et al (2000) B-
mode enhancement at phase-inversion US with air-
based microbubble contrast agent: initial experi-
ence in humans. Radiology 216:273-278

Halpern EJ, Verkh L, Forsberg F et al (2000) Initial
experience with contrast-enhanced sonography of
the prostate. AIR 174:1757-1580

Halpern EJ, Rosenberg M, Gomoll LG (2001) Con-
trast-enhanced sonography of the prostate. Radiol-
ogy 219:219-225

Halpern EJ, Frauscher F, Rosenberg M, Gomella LG
(2002) Directed biopsy during contrast-enhanced
sonography of the prostate. AJR Am ] Roentgenol
178:915-919

Halpern EJ, Ramey JR, Strup SE (2005) Directed
biopsy during contrast-enhanced sonography of the
prostate. Detection of prostate carcinoma with con-
trast-enhanced sonography using intermittent har-
monic imaging. Cancer 104:2373-2383

Shi WT, Forsberg F, Hall AL et al (1999) Subhar-
monic imaging with contrast agents: initial results.
Ultrasonics imaging 21:79-94

Forsberg F, Shi WT, Goldberg BB (2000) Subhar-
monic imaging of contrast agents. Ultrasonic 38:93-
98



IV.5

Recent Advances in Contrast-Enhanced
Ultrasound in Woman Pelvis Lesions

Henri Marret, Stéphane Sauget, Molly Brewer and Francois Tranquart

Introduction

Ultrasound (US) is the primary imaging modal-
ity for the detection and characterization of
female pelvis lesions during screening, or for any
pelvic symptom. It has been proven that the
association of suprapelvic and transvaginal
approaches gives a complete view of the female
pelvis and provides some specific indicators for
a high level confidence diagnosis. As it was
demonstrated that Doppler US plays a role in
such diagnoses, some research has been con-
ducted to allow better detection of vessels with-
in or surrounding a lesion. The sensitivity of
Doppler methods remains limited because of
either patient or technical limitations, allowing
us to detect vessels larger than 80 pm; not
enough for a correct assessment of neoangio-
genesis. This has led physicians to propose the
use of contrast agents for US in order to enhance
contrast between the lesion and parenchyma and
thus to improve the quality of information pro-
vided by US methods.

The recent introduction of US contrast agents
has totally changed the depiction of specific vas-
cular signs for a definite diagnosis by allowing a
marked increase in signal from the vessels, espe-
cially with modern non-linear imaging tech-
niques. Contrast-enhanced ultrasound (CEUS)
allows an adequate depiction of vessels in rela-
tion to the pure intravascular characteristics of
those agents, reinforced by the real-time assess-
ment of the enhancement after contrast injec-
tion. The recent availability of this imaging tech-
nique for transvaginal applications has allowed
physicians to use CEUS in gynecology, such as in
ovarian or uterine lesions, for a better assess-
ment of vascular patterns that could play a role
in diagnosis management.

Ovarian Lesions

Ovarian carcinoma represents the second most
frequent gynecological cancer observed in
women, with a poor long-term outcome largely
related to late diagnosis and the frequency,
around 15%, of malignant lesions. This is due to
the absence of any alarm signal for initiating an
US exam to detect any ovarian abnormalities. It
has long been proven that US is the most power-
ful technique for detecting ovarian cancer, with a
sensitivity of 80-85%. One of the most common
suggestions for an early diagnosis of ovarian
cancer is to detect the neovessels that allow the
tumor to grow. Vessel changes within the ovary
may be visualized before tumor detection itself.
Color Doppler has been assessed as one of the
US techniques that can be used to describe spe-
cific characteristics of ovarian vascularization
[1-6]. Power Doppler is useful to map ovarian
vessels, including those associated with malig-
nancy (in septa, papillarities and tissular parts of
the lesion) while pulsed Doppler is used to meas-
ure blood flow velocity [7-9]. Doppler imaging
and the subjective evaluation of the gray-scale
image improves our ability to make a correct
diagnosis prior to surgery [10, 11], which
improves patient outcome if a malignancy is
present [12-15]. The need for a more powerful
US technique is driven by the specific role of US
in pelvic lesions and the need for the treatment
planning, including chemotherapy and particu-
larly, surgery. Recently, quantification of the vas-
cularization of a tumor using power Doppler has
been performed by analysis of images using spe-
cial software [16-18], allowing us to calculate the
number of colored pixels on a digitized image.
Until now, subjective evaluation of the gray-scale
and Doppler US in experienced hands has been
considered the most powerful method for dis-
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criminating between benign and malignant
adnexal masses [11]. We have demonstrated that
power Doppler index (colored pixel number
inside the tumor/total pixel of the tumor) is a
simple and accurate parameter to discriminate
an ovarian malignancy from a benign ovarian
mass [19].

Prior Studies

The first-generation US contrast agent used was
mainly Levovist (Schering, Germany) [20, 21].
Only a few small studies [22-24] have been pub-
lished using this contrast agent for gynecological
purposes. They validated the feasibility of the
technique in ovaries. Orden in 2003 [25] and our
team in 2004 [26] first described the kinetics of
the agent within the ovary and ovarian tumors in
order to define the parameters that can be useful
for malignancy discrimination. Our prospective
pilot study was conducted, with the following
aims: (1) to evaluate the contribution of con-
trast-enhanced power Doppler and derive objec-
tive parameters for the diagnosis of malignancy
in ovarian tumors; and (2) to compare these
parameters to other variables that have been
evaluated to differentiate malignant adnexal
masses from benign ones.

The time intensity curves of Levovist can
then be derived over 5 minutes for a region of
interest (ROI) corresponding to solid tissue from
each mass (Fig. 1). The software calculates the
total power Doppler intensity, which is deter-
mined by the number and intensity of colored
pixels inside the ROI for each image. The
enhancement quickly achieves a maximum

intensity and has a biphasic wash-out phase,
with a decrease in intensity down to the baseline
level at around 3 minutes. From the time-intensi-
ty curve, baseline intensity and peak intensity
were noted and the percentage ratio of intensity
enhancement (expressed as a fraction of
enhancement) was calculated using the follow-
ing formula: 100*(peak intensity-baseline inten-
sity)/baseline intensity. The time-intensity
curves were analyzed for the following indices:
uptake time (in seconds), wash-out time, half-
intensity wash-out time, and the area under the
curve (AUC). Orden [25] and ourselves [26]
describe almost the same differences between
benign and malignant enhancement curves.
After a quick rise to maximum enhancement, the
wash-out phase differed between cancers and
benign ovarian tumors. The duration of con-
trast-enhancement or wash-out period and the
AUC appeared to have a very important power of
discrimination. In our study, AUC and wash-out
time were the two discriminate parameters with
the highest sensitivity (96%). Only one cancer
was missed using these two parameters with the
threshold (derived from the received operating
characteristic (ROC) curve) fixed at 88 seconds-
1 and 175 seconds, respectively. Using the tradi-
tional criteria of resistance index (RI) and
CA125, the sensitivity was lower, at 86% with
four missed cancers (three of the missed cancers
were borderline tumors and one was Stage I), but
no false positives (specificity = 100%). Orden
[25] found that the mean duration of contrast-
enhancement was 190 seconds in malignant
tumors and 104 seconds in benign tumors,
whereas we found 221 seconds versus 114 sec-
onds. These results suggest that kinetic parame-
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Fig. 1a, b. a Results of Levovist contrast-enhancement in ovarian tumors. Example of a benign tumor showing a short wash-out time. b
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ters derived from power Doppler enhanced
using Levovist provide new valid criteria that
appear accurate for the discrimination of benign
pelvic masses from malignant primary epithelial
ovarian tumors and could improve the pre-oper-
ative diagnosis of ovarian cancer.

Second-Generation Agents:
SonoVue, Definity

Second generation US contrast agents (SonoVue,
Bracco SpA, Italy; Definity, Bristol Myers Squibb,
USA) have previously demonstrated their value
in the investigation of neovessels in organs other
than ovaries with a high degree of safety [27]. In
our case, the dose of SonoVue needs to be
increased to 4.8 ml, as we use higher US frequen-
cies for the transvaginal approach.

To date no study has been published in
human ovaries using SonoVue, except a recent
paper from Testa et al. [28], who described some
vascular patterns in the female pelvis. We have
recently conducted a study to determine whether
second-generation contrast agents could charac-
terize changes in ovarian vascularization during
the ewe estrus cycle and to select parameters
that remained stable with cyclic changes [29].
Following SonoVue injection, wash-out time and
AUC were the most stable parameters derived
from the time-intensity curve between ovaries
and between the follicular and luteal phases.
Uptake time and total time of enhancement were
also constant. Enhancement ratio and wash-in
period changed with corpus luteum formation.
Our results reflect menstrual cycle changes and
vascular physiology of the normal ovary. One of
the limitations of this study is the heterogeneity
of the ovarian vascular characteristics. The
ovary of the ewe is smaller than that of a woman
and the corpus luteum is proportionately larger,
which could influence the results of this study;
however, the same heterogeneity should be pres-
ent in women, albeit in a smaller portion of the
ovary. Further studies in women should be per-
formed to characterize menstrual changes in
enhancement in order to define stable and
unstable parameters of enhancement.

We are currently conducting several ovarian
studies to validate SonoVue in Europe, and
Definity in the United States, for discrimination
of human ovarian tumors. In our preliminary
experience using both products, we were able to
describe the microbubble distribution inside the
tumor vessels with high accuracy, resulting in an
improvement in the diagnostic confidence for
the discrimination of benign from malignant
ovarian tumors. For example, the absence of

enhancement inside solid tissue or intracystic
papillarities can confirm a diagnosis of clots or
solid component included within a dermoid
cyst. In the first cases, detection of enhancement
within septa and/or papillarities is always the
sign of malignancy confirmed by histology
(Figs. 2, 3). Compared to Levovist, the results
appear to be much more precise and accurate
without artifacts such as blooming or move-
ment. However, time-intensity curves appear
quite similar, with a few differences in the wash-
out period, such as a longer return to baseline
and a less marked biphasic phase (distribution
and elimination phase).

A single injection of SonoVue gives us access
to a very precise map of the ovarian and tumor
microcirculation in both the ewe and the
woman. One of the challenges in detecting small
vascular changes is the selection of the ROI. In
all published studies, the ROI encompassed the
entire ovary and the enhancement curve was
based on pixel mapping extracted from this ROI.

048 HI 0.9 TIS 1.2

Fig. 2a, b. Arterial enhancement within an ovarian cancer (a
power Doppler imaging) after SonoVue injection (Esaote system,
transvaginal examination), demonstrating a heterogeneous glob-
al and intense enhancement from the tissular part (b), confirmed
by surgery
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Fig. 3a, b. Absence of arterial enhancement within a wall abnor-
mality in an ovarian cystic lesion (a) after SonoVue injection (b
Esaote system, transvaginal examination) in favor of the diagnosis
of a hemorrhagic cyst (confirmed by surgery)

Reproducibility of this procedure is very high
and will be higher using CEUS, which allows the
ovarian contours to be drawn more accurately.
However, this method ignores heterogeneity of
tissue components and enhancement. Therefore,
selective sampling of regions within the ovary
may be required to improve discrimination of
lesions. Although visual appreciation of hetero-
geneity is improved by pixel mapping displays,
selection of ROI is operator-dependent.
Moreover, it is known that the baseline signal for
any given tissue differs with the US machine, the
probe used, the movements of the probe and the
settings of the US machine, even if identical
sequences are used. In addition, the calculation
of the ratio of enhancement will differ with dif-
ferent conditions [30]. Consequently, the ratio of
enhancement is probably not the best parameter
to use, although gray-scale imaging reduces arti-
facts and improves the reproducibility compared
to color Doppler. Wash-out parameters may be
more adapted to discriminate regions inside the

ovary with high enhancement. Improvement in
microvessel detection and increased visibility of
nodular areas of enhancement inside the ovary
with different enhancement curves could be
shown, as has been demonstrated in prostate
cancer [31]. Moreover, one case of ovarian cancer
with normal-sized ovaries was diagnosed only
by CEUS [32], suggesting that contrast agents
will improve the ability of US to detect small
cancers that are not associated with ovarian
enlargement or areas within a mass that have a
focus of malignancy.

From an angiogenesis perspective, contrast
agents markedly increase the number of visible
vessels available for dynamic analysis, and allow
us to identify the aberrant vascularity that
pathologists visualize in early stage cancers. Any
imaging assay of tumor microvascular charac-
teristics must be validated against accepted sur-
rogates of angiogenesis, including histological
microvessel density (MVD), vascular endothelial
growth factor (VEGF), and VEGF receptors.
Correlation of these factors with Doppler US has
been previously carried out in other organs, but
not in the ovary, and not using CEUS [33]. In
addition, CEUS should also be validated against
other imaging techniques that measure vascular
function, such as magnetic resonance imaging
(MRI) [34].

In conclusion, results of all these preliminary
studies are in favor of the use of CEUS being
applied prospectively in non-invasive studies of
ovarian angiogenic function, mainly for the
diagnosis of malignancy, but also including
response to drug treatment, fertility research,
ovarian hyperstimulation syndrome, and early
assessment of response to antiangiogenic
chemotherapy.

Uterine Lesions

Study of uterine vascularity using power
Doppler is nowadays one of the most important
tools to describe and discriminate uterine
tumors. Macroscopic vascularization of myomas,
polyps, endometrial cancer, adenomyosis, or cer-
vical cancer is well known, but some limitations
are encountered in therapeutic monitoring of
these tumors. Microbubble enhancement affords
the direct depiction of tumor neoangiogenesis
and may help us to establish a more precise vas-
cular map of the tumor and normal surrounding
myometrium. By quantifying time-intensity
curves after injection of microbubbles, tumors
can be shown to exhibit significantly different
enhancement kinetics from normal tissue.
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A Myoma Evaluation

Leiomyomas are the most common benign
tumors of the uterus in women between 20 and
50 years old. A successful and safe alternative
treatment to hysterectomy is uterine artery
embolization (UAE) [35-38]. Symptoms are
improved or resolved in 90% of women at one
year [36, 39]. However, rare potential complica-
tions, such as uterine necrosis and premature
menopause, have been reported [40, 41]. The
polyvinyl alcohol particles, the Embospheres, or
other embolic agents injected into each uterine
artery tend to reach leiomyomas selectively, but
may reduce blood supply to the uterus and
induce ischemic uterine necrosis [42]. Moreover,
because uterine and ovarian vessels communi-
cate directly via the tubal arteries, once stasis has
begun, they may also reach the ovaries, probably
by a phenomenon of reflux, reducing ovarian
perfusion and even causing infarction [40, 41].
The reported incidence of amenorrhea after
UAE is 1-3%. However, these rare cases limited
UAE to women with accomplished childbearing.
Such complications might be prevented, or at
least rapidly detected by comparison of pre- and
post-operative assessment of leiomyoma vascu-
lature occlusions.

We successfully used contrast-enhanced
sonography with SonoVue during UAE proce-
dures in a patient with multiple large leiomy-
omas to demonstrate that injected micro-parti-
cles were targeted uniquely to leiomyomas [43].
Contrast-enhanced sonography was performed
just before UAE, immediately after left UAE, and
after bilateral UAE. Pre-UAE images showed a
completely perfused uterus with hyperenhanced
areas corresponding to the leiomyomas. The
next two acquisitions showed hypoperfused
areas corresponding to the leiomyomas. The last
acquisition, taken after complete bilateral uter-
ine artery occlusion, showed persistent perfu-
sion into normal myometrium but none in the
leiomyomas.

Following this first publication, we tested the
feasibility of contrast-enhanced US for the diag-
nosis of fibroids. It is remarkable that this indi-
cation could be reached by the use of transvagi-
nal approach for tiny fibroids (with injection of
4.8 ml of SonoVue) but also by the use of the
suprapubic approach for large fibroids (with
injection of 2.4 ml of SonoVue only). Injection of
SonoVue could provide a very precise descrip-
tion of the uterine vascularization more esaily
than with angiography and cheaper than MRI.
After contrast injection, macro- and microcircu-
lation of the myoma first appeared, followed by
the normal myometrial enhancement and finally

within the endometrium (Fig. 4). Enhancement
patterns vary markedly among the patients, from
an absence of enhancement for the whole tumor,
to a complete and rapid enhancement after
injection. Wash-out was typically complete after
3 minutes, giving a black hole corresponding to
the whole lesion. This wash-out helps us to iden-
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Fig. 4a-c. Arterial enhancement within a uterine fibroid (a) after
SonoVue injection (Sequoia system, suprapubic examination)
demonstrating a quite global and intense enhancement, higher
than from normal myometrium (b), followed by a marked wash-
out (¢)
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tify some tiny fibroids that are not visible on
conventional sonography, for a perfect match
with MRI detection. Secondly, it is remarkable
that most of the endometrium clearly demon-
strates an early wash-out after contrast injection,
in some cases exceeding the size of endometri-
um. Third, it clearly shows that microbubbles
first arrive in the myoma before the normal
myometrium, except in some large myomas with
marked necrobiosis. By showing SonoVue distri-
bution within the uterus, we are able to better
select fibroids with possible benefit of emboliza-
tion and we were able to corroborate the
approach used by the particles injected for
embolization.

Using CEUS, we could quickly assess the effi-
cacy of UAE as well as evaluate local conse-
quences on normal myometrium and ovaries,
whereas both uterine arteries were totally
occluded. This US method could play a major role
in the assessment of early technical failure rate
and in the identification of vascular risk factors
for clinical failure and late recurrences. Contrast-
enhanced US can also be proposed to detect the
persistence of vessels within a treated myoma
with higher confidence, as it was reported that
this precedes the late recurrence confirmed by an
increased size of the myomas (Fig. 5). This will be
a more sensitive method than color Doppler US
for an assessment of induced vascularity
changes [44].

Fig. 5. Detection of a persistent enhancement (Logiq9, General
Electric) within two fibroids (arrows) after uterine artery
embolization, which corresponds to an incomplete embolization
when the other fibroids were totally excluded. This was confirmed
six months later by a size increase of these two fibroids, while the
other fibroids decreased in size

In conclusion, we can state that contrast-
enhanced sonography provides a means to
assess tumor response to various therapeutic
approaches. Thus, the potential for imaging uter-
ine perfusion with microbubble-enhanced
sonography is significant and warrants further
investigation.

Cancer of the Cervix

Cancer of the cervix is frequent and is accompa-
nied by local extension or lymph node extension,
which guides treatment planning, i.e., the choice
between initial treatment by surgery or by radio-
chemotherapy. An intense enhancement is
reported for these lesions before specific treat-
ment, with an improvement in the definition of
limits but with some limitations in the positive
diagnosis (Fig. 6) as reported by Testa et al. [28].
Local assessment of angiogenesis will be of value
to follow local changes under chemotherapy or
radiotherapy and to better schedule surgery.
This method could be used in place of MRI to
assess treatment efficacy and in conjunction
with positron emission tomography (PET) for
treatment planning.

Puis =19
MIF=14

Fig. 6a, b. Typical strong and homogeneous enhancement from
a cervical cancer (a) after SonoVue injection (b) (Sequoia system,
transvaginal examination)
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Key Points

+ Contrast-enhanced ultrasound is useful for the discrimination of malignancy in ovari-

an disease.

+ In cases of myoma, contrast-enhancement is useful for uterine artery embolization mon-
itoring by selecting patients with possible early recurrence.

+ In cervical cancer, ultrasound enhancement using contrast agents is useful for monitor-
ing radiochemotherapy, to select patients that present a good or a poor response to

treatment.
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Role of Contrast Ultrasound in Breast Lesions
and Sentinel Lymph Nodes

Giorgio Rizzatto and Roberta Chersevani

Introduction

The use of perfusion imaging has resulted in new
interest in both research and clinical applications
of contrast agents in breast ultrasound (US). The ba-
sics of contrast-enhanced US of breast cancers are
similar to those for all tumors,and are based on the
detection of tumor-associated neoangiogenesis. In
the breast, neoangiogenesis is characteristic of both
invasive disease and in situ cancer, including high-
grade ductal carcinoma in situ (DCIS).

Most breast tumors have increased vascular den-
sity,irregular and often chaotic branching and pene-
trating vessels, with irregular calibers and velocities.

All these patterns reflect the abnormalities that
are specific to rapidly growing tumors: irregular
and variable vessel caliber, elongated and coiled
vessels, arterio-venous shunts, disturbed dichoto-
mous branching and decreasing caliber, and in-
complete vascular wall [1]. The correlation between
the vascular disorganization and the grade of tu-
moral anaplasia is very close.

Baseline Ultrasound

The relative risk for malignancy is higher as
detected by conventional breast US when the ves-
sels exhibit irregular morphology and irregular
velocities: these two characteristics contribute to
define a typical ‘mosaic’ pattern.

In contrast, fibroadenomas, the most common
benign tumor in the breast, generally have poor
vascularity; vessels are peripheral, regular and
small, with a nest arrangement.

There is some overlap, however, in the vascular
properties of breast lesions, but this gray area rep-
resents less than 10% of all pathologies. Inflam-
matory lesions, proliferating and juvenile fibroade-
nomas and phylloid tumors may have rich vascu-
larity; only inflammations and malignant phyl-

lodes usually exhibit ‘mosaic’ patterns. Small tu-
bular or ductal lesions with intense fibrosis may
have very poor blood supplies. Intraductal carcino-
ma is covered by the original basement membrane
and is supplied by perfusion only from capillary
vessels out of the ducts; the only exception is a pap-
illary form with fibrovascular cores [2].In invasive
carcinoma, tumoral cells are accompanied by sur-
rounding angiogenesis, and are supplied from cap-
illary vessels in the circumference.

With conventional US, these patterns are bet-
ter imaged when Doppler frequency is higher
than 5 MHz, pulse repetition frequency (PRF) is
between 600 and 800 Hz, and the area of interest
is scanned with minimal compression.

Vascular assessment has progressed enough to
depict vessels in almost all the tumors and in
most fibroadenomas [3]. With optimal technique,
blood flow may be detected through small blood
vessels of 1 mm or less in diameter and with
blood flow in the order of 1 cm/s. This allows
visualization of arterioles and venules, but it is
not enough to reveal flow through smaller blood
vessels at the capillary level.

In most cases, vascularity acts as major alert
for inflammation and malignancy. Ozdemir et al. [4]
prospectively examined 112 lesions originally iden-
tified by mammography and US with Doppler.
Doppler studies increased the specificity of mam-
mography and gray-scale sonography for lesions 10
mm and smaller (from 88.9% to 100%) and for
those larger than 10 mm (from 70% to 96.6%). Ab-
normal vascularity has also been demonstrated us-
ing color Doppler in areas of DCIS in which mam-
mography showed only microcalcifications [5].

Flow visualization indicates a higher possibili-
ty of malignancy but must not be considered the
main US parameter for malignancy [3, 6]. Doppler
software may also assess quantitative parameters
such as flow velocity, pulsatility and resistivity in-
dexes. Quantitative analysis offers adjunctive in-
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formation to differentiate malignant from benign
tumors [6] and to monitor the chemotherapeutic
response of locally advanced breast cancers [7].

In the beginning, contrast-enhanced US was
used in breast imaging to increase the sensitivi-
ty and specificity of color Doppler scanning [8].
The use of contrast agents markedly improved
visualization of the intratumoral vascular archi-
tecture. Now similar images are obtained with
medium level technology and accurate scanning
techniques.

Using the presence of vascularity as criterion
for malignancy, Moon et al. [9] found an increase
in sensitivity (36% to 95%) and positive and neg-
ative predictive values, but a reduction in speci-
ficity (86% to 79%), due to the hypervascularity
of some benign lesions. Weind et al. [10] had
already demonstrated an overlap in the
microvessel distribution between carcinomas
and fibroadenomas. Ellis [11], re-evaluating
their results, pointed out that the higher the
grade of tumor in their series, the higher the dis-
tribution ratio, and that fibroadenomas and
grade I tumors had no substantial difference in
vascular distribution. These results confirm that
frequently there is little functional difference
between low-grade invasive tumors and benign
tumors.

Schroeder et al. [12] compared the different
published studies with unenhanced and enhanced
color Doppler and found that diagnostic accuracy
improves with contrast-enhancement. This was
mainly caused by better assessment of the vascu-
lar architecture and better depiction of the hyper-
vascularity of malignancies.

Stuhrmann et al. [13] tested the possibility of
improving the evaluation of benign breast
lesions at Doppler sonography in patients sched-
uled for surgical resection. They measured the
degree of enhancement provided by Levovist
(scored on an ad hoc 5-point scale), the number
of tumour vessels, the time to maximal enhance-
ment, and vascular morphology and course
(classified as avascular lesions; lesions with
monomorphic or peripheral vessels; and lesions
with irregular penetrating vessels). They
observed more vessels and faster, stronger
enhancement in malignant tumors compared to
benign lesions, but the best distinction was
afforded by vascular morphology and course,
with a 90% sensitivity. However, the 81% speci-
ficity limited the clinical utility of this approach.
Later reports confirmed that irregularities in the
morphology and course of tumoral vessels may
be highly suggestive of malignancies leading to a
sensitivity of 95% and specificity of 83% or high-
er [14, 15]. As reported by Zdemir et al. [16], only
in the category BI-RADS 4 could the combina-

trast-enhanced Doppler achieve a higher speci-
ficity (71%) and positive predictive value (70%)
than mammography-gray-scale US (39% and
53%, respectively).

Contrast-enhanced Doppler was also asses-
sed in the difficult differentiation between post-
operative scar and tumor recurrence. Many stud-
ies have confirmed that contrast-enhanced
hypervascularity may suggest recurrence [12].
Contrast-enhanced US was found to substantial-
ly reduce biopsy rates [17] and was suggested as
an alternative to magnetic resonance imaging
(MRI), particularly in the first 18 post-operative
months, when nodular scars or granulomas may
also be vascularized with decreasing tendency
parallel to the increasing age of the scar [18].

Unfortunately, most of the results originating
from all the published series on breast masses
did not correlate well with the microvessel den-
sity determined histopathologically, and so far
this imaging modality has not translated into
increased diagnostic accuracy. Since the breast is
a relatively superficial organ, diagnostic biopsy
is considered safe and is performed as a gold
standard. Thus, there is less demand for an imag-
ing technique to differentiate between malignant
and benign lesions.

The relatively poor correlation between
Doppler flow parameters and histopathological
analysis of microvessel density confirms that
Doppler US mainly visualizes tumoral macrovas-
culature.

The specificity and sensitivity of evaluating
breast lesions with MRI is improved by perform-
ing quantitative imaging with the aid of contrast
agents: malignant tumors show early enhance-
ment followed by wash-out or plateau, whereas
benign lesions exhibit a gradual increase in
enhancement from early to late phases. To deter-
mine if this phenomenon is also observed during
dynamic contrast-enhanced ultrasonography,
Huber et al. [19] studied 47 patients with breast
lesions and measured color pixel density on
Doppler US for 3 minutes after injection of
Levovist. They reported a shorter time to peak
enhancement for carcinoma than for benign
tumors. More recently, the same group [20] con-
firmed a shorter time to peak for malignancies
(p < 0.01) and a higher peak color-pixel-density
(p < 0.03). Different time-intensity curves have
been found for carcinomas, fibroadenomas and
scars [21]. Focal inflammations, due to their
markedly increased vascularity, showed the
same curves as malignancies. But with first gen-
eration agents the wash-out behaviour, although
different, was adversely influenced by the contin-
uous bubble destruction induced by the high US
mechanical pressure induced by conventional
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Contrast Ultrasound Features

New contrast agents are less fragile and allow use
of specific softwares that reveal the perfusion
flow even in the smallest vessels [22].

Current experience is based on the use of a
blood-pool echo-contrast agent. SonoVue (Brac-
co, Italy) consists of microbubbles containing
sulphur-hexafluoride (SF6) encapsulated by a
flexible phospholipid-shell. These microbubbles
have a mean diameter of 2.5 pm, with 99% of the
bubbles smaller than 11 pm, allowing a free pas-
sage in the capillaries but keeping the agent
within the vascular lumen.

Tumor angiogenesis is a sequential process.
During the organization of tumor-associated
capillary networks, neovessels progressively
acquire their distinctive structural and function-
al characteristics [23]. Their lining is formed by
fenestrated endothelial cells limited by a discon-
tinuous basement membrane; as a result the
neoangiogenetic vessels are more permeable
than the normal ones.

Vascular endothelial growth factor directly
stimulates endothelial cell division and migra-
tion; it strongly increases permeability, allowing
the extravasation of plasma proteins and result-
ing in the formation of an extravascular gel con-
ducive to neovascular growth [24].

In contrast-enhanced MRI, the actual tracers
cross the tumor microvessels and extravasate in
the extravascular tumoral space. On the contrary,
the diameter of SonoVue microbubbles keeps the
agent within the vascular lumen (intravascular
tracer). Therefore, the area of the perfusion and the
correlated time-intensity curves strictly corre-
spond to the neoangiogenetic vascular bed, and
not to the extravascular tumor space.

The microbubble suspension contains 8 pl/ml
SF6 gas. The best results in the breast are
obtained with bolus injections of 4.8 ml admin-
istered intravenously through a three-way con-
nector, followed by an injection of 5 ml saline
solution for flushing.

Due to the flexibility of the microbubbles’ phos-
pholipid-shell, the reflectivity of SonoVue is very
high. This results in a strong echo-enhancement.
Due to the poor solubility and diffusivity of SF6,
this agent is also highly resistant to pressure.

Depending on the frequency and amplitude
(the mechanical index [MI]) of the ultrasound
wave, SonoVue microbubbles may reflect the inci-
dent wave repeatedly without being altered (low
MI continuous imaging). The reflected wave con-
tains harmonic frequency components caused by
the non-linear bubble oscillations. The microbub-
bles are very flexible, so significant harmonic re-
sponse is obtained even at very low MI.

Although harmonics are also generated during
propagation of ultrasound waves in tissues,
SonoVue microbubbles generate echoes that are
considerably larger than tissue echoes at harmon-
ic frequencies. Contrast-specific imaging modes
have been developed in order to accurately dis-
criminate between the harmonic response from
microbubbles and the response from tissue.

This results in perfusional images of the tu-
moral microcirculation based only on the mi-
crobubbles response. Microvascular blood veloc-
ities in the order of 0.1-10 mm/s, that cannot be de-
tected with conventional Doppler methods, can
be demonstrated with this technique.

Actual experience is based on the use of
Contrast-Tuned Imaging (CNTI) that is a low MI
technique proposed by Esaote (Italy), in which
the fundamental echo is filtered out and only the
second harmonic echo is detected by the US
probe.

The best perfusion imaging in the breast is
obtained with MI values between 0.1 and 0.08,
without reducing the field of view too much to
avoid superficial artifacts and with the focal
zone positioned just behind the deeper lesion’s
margin. Compression must be minimized.

Perfusion is seen as an area of enhancement
on the background of a nearly absent tissue sig-
nal and with minimal microbubble destruction
(Fig. 1). Unfortunately, the resolution is rather
poor in harmonic mode, and may be problemat-
ic for detecting small lesions. However, linear
hyperechoic structures, like ligaments, often act
as reference structures to keep the right scan-
ning position.

CNTI has the capability to render the time-
intensity curves. The signal perfusion intensity
is monitored over time in selected tumor regions
of interest (ROIs) and plotted on a final graph.
Curves can be filtered and normalized according
to the baseline signal intensity in the selected
ROIs (Fig. 1).

Role of Contrast Ultrasound in
Clinical Practice

A number of European physicians are participat-
ing in the multicenter project Perfusion Ultrasound
Multicenter European Breast study (PUMEB 04-
06) to determine the appropriate uses of low MI
contrast tuned imaging in the evaluation of breast
cancers. Participants include G. Rizzatto, R. Cher-
sevani, E. Cassano, A. Gambaro (Italy), J. Camps
Herrero (Spain), S. Paebke (Germany) and G.
Ralleigh (United Kingdom). Initially the group de-
cided to focus on five clinically relevant topics:
lesion characterization, lesions first identified on
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Fig.1a, b. a Infiltrating ductal carcino-
ma. Baseline Doppler imaging shows
few intratumoral vessels; adjoining tis-
sues are hyperechoic and Cooper’s liga-
ments are thickened and retracted.
Perfusion imaging (at 24 seconds from
microbubble injection) demonstrates
intense enhancement. Due to poor spa-
tial resolution, perfusion US completely
misses all the morphological alterations
of the surrounding tissues and liga-
ments. b Time-intensity analysis shows

2 113

.
.
.

-~
v
'
v
'
'
.
'
.
.
.
T

n.ﬁ 37.1 7
b time to peak \

Time [sec]=24.467

| Intensity=1.491e-001

a high peak intensity value and a very
short time-to-peak (24.4 seconds); both
patterns indicate a very high possibility
of malignancy. Wash-out profile is very
steep due to the arterio-venous shunts

148.4
Time [sec]

MRI, microcalcifications in DCIS, lymph node
metastases and lesion response to neoadjuvant
therapy in locally advanced breast cancers (LABC).
The preliminary results of this multicenter study
were published [25] and presented at the 90t Sci-
entific Assembly and Annual Meeting of the Ra-
diological Society of North America (Chicago, No-
vember 2004).

Experience reveals that contrast agents can-
not be used to increase the sensitivity of US in the
detection of small cancers occult on mammogra-
phy. The motion artifacts and the intrinsic limita-
tion of the US field of view do not allow a compre-
hensive assessment of the whole breast volume.

Moreover, morphologic imaging becomes less ef-
ficient than in conventional US; small calcifications
and tiny lesions often escape detection, therefore
preventing perfusion assessment.

Future developments are needed both for tech-
nology and contrast agents.

Large matrix transducers will probably help
to acquire larger three-dimensional volumes and
computer aided detection (CAD) will increase the
recognition of small enhancing lesions, therefore
assisting screening procedures. The properties of
tracers must change, however, providing both
longer recirculating times and higher resolution
without movement artifacts.
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Breast Lesions

Actually, perfusion imaging is not yet mature
enough to become a substitute for conventional
US plus US-guided biopsy. This limitation is sim-
ilar as for other contrast-enhanced imaging,
such as MRI or nuclear medicine. The informa-
tion that can be obtained through simple patho-
logic sampling is accurate enough for it to con-
tinue being the gold standard.

However, actual perfusion imaging gives
some interesting results; its future developments
will certainly give rise to new applications both
in diagnosis and therapy.

Some new characteristics that have issue
from the clinical use of CNTI are:

+ avascular lesions (adenosis, fibrotic changes,
scars) do not exhibit internal perfusion
(Fig. 2);

+ fibroadenomas usually have only a peripher-
al rim of perfusion (Fig. 3);

+ some fibroadenomas have a diffuse perfusion
and a peripheral rim during the latest phases
(75 seconds and more);

+ the perfused area in malignancies is always
larger that the vascular area seen with con-

trast-enhanced Doppler (Fig. 4). Conspicuity
differs mainly in infiltrating tumors with
acoustic shadowing and in lobular carcino-
mas growing without mass;

tumoral perfusion may be nonhomogeneous,
mainly in larger or treated tumors;

tumoral perfusion slightly differs in the same
patient with different injections; this might
be related to the differences induced by the
manual injection and/or the correlation with
the cardiac cycle;

tumoral perfusion is lower in older patients
(60 years and above);

time-to-peak is usually shorter for malignan-
cies (20-25 seconds) than for benign lesions
(30 seconds and more) (Fig. 5);

time-to-peak is slightly increased for in situ
and low-grade invasive carcinomas;
time-intensity curves in invasive tumors,
probably due to the presence of important
arteriovenous shunts, exhibit a very rapid
wash-out (Figs. 1, 5);

time-intensity curves in benign lesions or in
situ carcinomas have a longer plateau and/or
a less steep gradient during the early wash-
out phase (70-150 seconds).

Fig. 2. Focal area of benign adenosis presenting as a palpable lump. Conventional imaging and Doppler (top) show a hypoechoic area
with multiple small cysts, tiny calcifications and irregular vessels. Perfusion imaging (baseline and 50 seconds after the injection-bottom
right) shows only minimal peripheral enhancement
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Fig. 3. Deeply located fibroadenoma with multilobulated margins. Most fibroadenomas show only a peripheral rim of perfusion; this pat-

tern is more evident in the late wash-out phase (90-180 seconds)

Using Optison as a contrast agent, Jung et al.
[26] observed a diffuse contrast medium accu-
mulation in the late phase (8-18 min, mean 12
min) in 90% of all malignant tumors (30/33), but
only in one benign lesion.

Many of these characteristics correlate well
with the different vascular arrangements of
breast pathologies.

A larger series is now under evaluation for
quantitative analysis, using new off-line software
in order to define standards ranges. This will
probably lead to a better understanding of
tumoral kinetics and support the use of perfu-
sion US to monitor the results of therapies on
tumoral vascularity.

One niche example of therapy monitoring is
the use of perfusion software in the early evalu-
ation of radio-frequency in breast cancer recur-
rence [27]; the same protocol might be applied to
all the other minimally invasive ablation tech-
niques that are under clinical evaluation for
small breast cancers.

Currently, the monitoring field is mostly

restricted to advanced breast cancers (ABC),
including local recurrence, disseminated disease
or LABC. This type of presentation is quite com-
mon in developing countries or areas without
structured screening programs. In this last stage,
the tumor in the breast is usually more than 5 cm
across, it has destroyed the superficial fascia and
invaded the subcutaneous lymphatic network, or
it has spread to the axillary nodes or to other
nodes or tissues near the breast.

Neoadjuvant therapy includes standard cyto-
toxic and/or hormonal manipulation. About 75%
of LABC regress with cytotoxic treatment, allow-
ing surgery with disease-free margins. In more
than 50% of these patients there is no tumor, or
only a microscopic tumor, remaining [28]. In the
responsive area, cancer tissue is transformed to a
xanthogranulomatous lesion with the infiltra-
tions of macrophages and lymphocytes [2]. It is
replaced by myxomatous fibrous tissue and then
by cicatricial tissue. The cases with a high pro-
portion of intraductal components have lower
response [2]; the larger number of residual can-
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Fig. 4. Small infiltrating ductal carcinoma, 8 mm in size, with only one internal vessel at the baseline. Perfusion is not very homogeneous,

but is very intense (baseline, 17 and 24 seconds after the injection)

cer cells are found within the ducts and preserve
their proliferative activity. In all the tumors there
is a consistent reduction in mitotic activity and
in global microvessel density. Complete response
to neoadjuvant chemotherapy is documented
also for axillary nodal metastases. Kuerer et al.
[29] reported complete axillary conversion in
23% of patients. Arimappamagan et al. [30]
found a complete response in 22% of patients,
while in 10% conversion was complete for both
axilla and primary tumor.

The management of ABC is an expanding field.
Many trials are now going on to evaluate also the
potential of novel combinations of new cytotox-
ins like anthracyclines and taxanes, or the effects
of monoclonal antibodies like excerptin. Future
developments will include host response modi-
fiers, such as agents that suppress angiogenesis.

The challenges for breast imaging lie in the
ability to incorporate technologies to ensure
both accurate staging and effective monitoring
of tumor response.

Mammography and conventional US have

limited efficiency; they usually measure the
tumor response, evaluating the changes in its
diameter, morphology and echopattern. MRI
seems to be the most accurate imaging modality
[31]. The correlation between tumor diameter
measured by histopathology and MRI is very
high; a clear reduction in size is usually seen
only after the third cycle. Size reduction is usual-
ly associated with a decrease of the contrast-
enhancement parameters.

MRI is not universally available. Optimization
of a US protocol to monitor treatment outcomes
would be advantageous both clinically and eco-
nomically.

Huber et al. [32] have already documented an
increased US efficiency when color Doppler flow
imaging is added to conventional US. A good
efficiency has also proved for very short interval
monitoring of the neoangiogenetic vascularity
of inflammatory lesions undergoing antibiotic
therapy [8].

More recently, Pollard et al. [33] have docu-
mented the potentials of a destruction-replen-
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Fig. 5a, b. a Small infiltrating lobular carci-
noma, 6 mm in size, seen as a round low
echogenic area with acoustic shadowing.
Perfusion imaging (baseline, 16 and 21 sec-
onds after microbubble injection) shows an
intense enhancement. b Time-intensity
analysis shows a wash-in profile characteris-
tic for malignancy (R1), but with a long
wash-out phase. The tumor is very small and
has fewer arterio-venous shunts than larger
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carcinomas

ishment US technique in monitoring the anti-
neoangiogenetic effects of therapy in rat models.
The experience with CNTI demonstrates that
contrast-enhanced Doppler may give false nega-
tive vascular patterns, while perfusion imaging
still registers important residual intratumoral
vascularity [25]. In almost all cases, the degree
and the distribution of the US perfusion corre-
lates well with the pathologic changes (Fig. 6).
Currently, perfusion US must be considered as
the only alternative to MRI; it also offers the pos-
sibility of guiding further biopsies on the residual
areas. In the future, with the clinical introduction
of new therapies, it will be very important to
understand if monitoring should be restricted to
the tumoral vessels or also include the extravascu-
lar bed. This decision will determine the choice in

favor of perfusion US or MRI.

Broumas et al. [34] have developed a new US
perfusion method that yields information about
the vascular volume and flow rate in each voxel, as
well as the spatial distribution of blood flow with-
in an imaging plane. This system offers good ca-
pabilities for therapy monitoring; as contrast bub-
bles are confined to the blood pool, US probably
provides the most accurate assessment of mi-
crovessel location and fractional vascular volume.

Two major interests are linked to the near
future of US perfusion imaging.

The first of these is the capability to vehicu-
late drugs or other components within the
microbubble. The bubbles will be targeted and
linked to specific tissues, they will be monitored
up to the peak perfusion within the tumor, or
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Fig. 6. Lobular carcinoma presenting as locally advanced breast cancer. Perfusion is very intense before neoadjuvant therapy (left). After
4 cycles of cytotoxic treatment the tumoral volume has significantly reduced; at conventional Doppler there are only marginal vessels.
Perfusion imaging (right) confirms the good therapeutic result, showing an almost complete absence of enhancement. The patient was
immediately scheduled for surgery

within benign pathologies like inflammations.
Fusion with molecular imaging and optical
probes might be part of this future. The same
transducer will use higher energies to destroy
the microbubbles or to partially fragment their
shells and to release the drug in the proper time.
The same perfusion US imaging will monitor the
effects of therapy.

Sentinel Lymph Nodes

A second improvement will be the capability of
new contrast agents to enter the lymphatic
stream and to fully replace radiotracers in the
sentinel lymph node (SLN) procedure.

Some of these future applications are already
being used in ongoing projects on animal mod-
els [35-41].

Today, most patients with breast cancer under-
go local resection or mastectomy, as well as axil-
lary lymph node dissection if a SLN procedure
has provided evidence of malignancy. This proce-
dure involves biopsy and histopathological analy-
sis of the first draining (sentinel) lymph node,
identified by following the clearance through the
lymphatic system of a radioactive or colored dye
injected into the breast near the tumor.

Actually, the use of the SLN procedure is a
standard for breast surgery and oncology [42].
This behaviour is justified by the knowledge that
when the sentinel node is negative for malignan-
cy, there is very low likelihood that the tumor has
metastasized to the axillary nodes; in this case
many surgical groups now avoid axillary dissec-
tion.

In general, SLN is an accurate procedure, but
pitfalls do exist. Studies correlating the results of
SLN biopsy with axillary dissection in more than
3000 patients have shown that SLN biopsy has a

technical success rate of 88%, sensitivity of 93%,
and accuracy of 97% [43]. Veronesi et al. [44]
have found 32% of positive SLNs in 516 patients
with primary breast cancer in whom the tumor
was less than, or equal to, 2 cm in diameter; in
34% the SLNs were seeded only by micrometas-
tases (foci = 2 mm in diameter).

Sonography can usually identify enlarged
reactive or metastatic nodes. In vitro studies
demonstrate that metastatic disease is often
indicated by an enlarged and round-shaped
node, the absence of an echogenic hilum, a mar-
ginal bulging or a small hypoechoic area within
the echogenic cortex [45, 46]. Doppler studies
show a reduced vascularity inside the metastatic
deposits; in case of massive metastatic infiltra-
tion the remaining vessels are displaced at the
periphery of the node [47]. Similarly Esen et al.
[48] found that in nodes smaller than 1 cm, only
asymmetrical cortical thickening and peripheral
flow were significant.

The prevalence of peripheral flow is explained
by the pathologic behaviour of breast metastases.
Cancer cell emboli occur in the lymphatic capil-
laries of primary sites, flow in the collecting lym-
phatics, enter the lymph node via afferent or effer-
ent lymphatics, are deposited in the sinus, prolif-
erate,and spread over all parts of the node. Angio-
genic factors produced by the neoplastic cells in-
duce peripheral neovascularity, with atypical anas-
tomoses and various grades of distortion and in-
filtration during the centripetal course of the ves-
sels [49]. The mechanism is completely different
for lymphoma that colonizes the central part of the
node where lymphatic follicles are located and
spares both the hilum and peripheral structures.
Development of new vessels from the main artery
and its branches produces vessel enlargement and
an increase in blood flow; there are no signs of pe-
ripheral neovascularity.
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Conventional US has a great potential; both
specificity and positive predictive value are high
[3, 48, 50]. US-guided biopsy can confirm a posi-
tive diagnosis [51] and these patients can be im-
mediately scheduled for nodal dissection.

Actual accuracy is mainly linked to morpholog-
ic and structural alterations and abnormal vascu-
larity. US resolution is within the range of
macrometastases (4 mm or more); this situation
is expected in around 20 to 25% of all the breast
cancer patients.

Perfusion US certainly increases both sensi-
tivity and specificity.

Some new characteristics issuing from the clin-
ical use of CNTI are:

+ anormal or reactive cortex always has an in-
tense, homogeneous perfusion;

+ marginal bulgings without lack of perfusion
may reflect normal morphologic variability;

+ in the early phase of metastatic seeding the
node is highly reactive, with diffuse and homo-
geneous enhancement;

+ CNTI does not have enough resolution to de-
pict micrometastases (< 2 mm in diameter)
but small deposits larger than 3 mm are clear-
ly seen as non-perfused ‘black’ areas not al-
ways predictable on the basis of conventional
imaging and Doppler;
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« in case of massive infiltration, there is no en-
hancement (Fig. 7) and/or the perfused unin-
volved area is always larger than shown with
conventional imaging and Doppler;

+ in the case of enlarged nodes with Doppler mas-
sive vascularity, the behaviour of the perfusion
progression may suggest different pathologies.
In a recent group of 65 breast cancer patients

that underwent both SLN and perfusion US pro-
cedures, pathology assessed the presence of metas-
tases in 42.1% of all nodes; preliminary perfusion
US correctly identified 62.5% of these metastatic
nodes. Accuracy was higher considering nodes
with macrometastases (88.2%) but no node with
only micrometastases was correctly assessed. Pre-
liminary perfusion US gave true positive metasta-
tic assessment in 26.3% of these patients.

Many imaging groups dealing with a large
number of breast cancers have already appreciat-
ed the accuracy and the advantages offered by
sonography [3, 48, 50]. Nodes can be assessed in
avery early phase and US can very precisely guide
a needle to the suspicious areas.

Perfusion imaging offers a unique capability in
picking up the metastatic areas in all the different
nodal locations that may be involved by breast
carcinoma. Small deposits, 3 mm and more, locat-
ed in the normal cortex are easily discovered and
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Fig. 7. Two adjacent axillary nodes in a
patient with a 12 mm lobular carcinoma
of the lower outer quadrant of the right
breast. Nodes are only slightly enlarged
and keep their regular oval shape; but the
hilum is no longer visible and the cortex is
not homogeneous. Perfusion imaging
(bottom) shows an intense enhancement
of the axillary artery but no perfusion was
assessed inside the nodes. Pathology
revealed that both the nodes were com-
pletely filled by metastatic deposits
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are precisely assessed with biopsy. False positives
may be related to small fibrotic changes or gran-
ulomas. In cases of enlarged nodes that exhibit
poor vascularity on conventional Doppler, the nee-
dle is guided in the metastatic areas that are usu-
ally smaller than when viewed with conventional
imaging. In other cases the intense but inhomoge-
neous speckled enhancement in the early arteri-
al phase, that seems to be mostly related to non
Hodgkin lymphomas [52], is accurate enough to
readdress the patient.

Perfusion imaging actually increases the al-
ready high positive predictive value of US in nodal
assessment. When a node is positive on US and
biopsy the patient is scheduled for axillary dissec-
tion and a SLN procedure is avoided. Depending
upon the staging distribution and the US tech-
nique used in the different series,a SLN procedure
might be avoided in 10-25% of patients with breast
cancer. Imaging impact is very high because of
the reduced cost of the diagnostic procedure and
the better scheduling of the operation room.

In the future, new contrast agents will be in-
jected with the same technique used in radiotrac-
er procedure. Goldberg et al. [53] tested an agent
consisting of lipid-stabilized perfluorobutane mi-
crobubbles on animal models with reticuloendothe-
lial system-specific uptake capability. Subcutaneous,
submucosal and parenchymal injections were used.
Massaging the injection site caused both an in-
creased rate of movement of the contrast within the
lymphatic channels and an increased reflectivity of
the SLN. The mean time required to visualize the
nodes was 15 minutes. They established the region-
al drainage pathways, showing continuity of the
channels between the injection site and the en-
hanced node; lymphatic channels were traced for
distances of up to 38 cm. In all cases, contrast-en-
hancement was confined to the SLN; nodes as small
as 3 mm were detected. Goldberg et al. [41] had al-
ready demonstrated that the metastatic deposits
are represented as non-perfused areas. If this tech-
nique will give the same results in clinical practice
it will certainly simplify SLN assessment.

Key Points

+ Conventional US without contrast agents is limited in its ability to detect metastases and
The best perfusion imaging in the breast is obtained with MI values between 0.1 and 0.08,
without reducing the field of view too much, thus avoiding superficial artifacts, and
with the focal zone positioned just behind the deeper lesion’s margin. Compression must

be minimized.

+ Perfusion imaging is not yet developed enough to become a substitute for conventional

US plus biopsy.

+ Fibroadenomas usually have only a peripheral rim of perfusion, while the perfused area
in malignancies is always larger than that of the vascular area seen with contrast-enhanced

Doppler.

+ Time-to-peak is usually shorter for malignancies (20-25 sec) than for benign lesions (30

secand longer).

+ Perfusion ultrasound must be considered as the only alternative to MRI for evaluating
the efficacy of the neoadjuvant therapy in advanced cancers; it also offers the possibili-
ty of guiding further biopsies on the residual areas.

+ Perfusion imaging actually increases the already high positive predictive value of US in
sentinel node (SLN) assessment. Small deposits, 3 mm and larger, located in the normal
cortex are easily discovered and are precisely assessed with biopsy.

+ When a node is positive on US and biopsy, the patient is scheduled for axillary dissec-

tion and a SLN procedure is avoided.

+ In the future, new contrast agents will be injected with the same technique as used in ra-

diotracer procedures.
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Value of Contrast-Enhanced Ultrasound
in Rheumatoid Arthritis

Andrea S.Klauser

Introduction

Rheumatoid arthritis (RA) is a chronic systemic
disease of unknown origin, characterized by
articular inflammation and destruction, and
leading to substantial disability and morbidity.
The prevalence of RA is between 0.5 and 1% of
the population. Women are affected two to three
times more often than men, and the peak age of
affliction is 45 to 65 years [1, 2].

RA predominantly involves the synovial tis-
sue of synovial joints and tendon sheaths. In the
subsequent course of the disease, adjacent struc-
tures such as bone, tendons, capsules, and liga-
ments may be affected. The long-term conse-
quences of RA and related disorders have been
underestimated in the past. Most patients need
long-term chronic treatment to slow down the
progression of the disease and control acute
exacerbations, while many patients also require
expensive surgery. Apart from these direct costs,
RA causes indirect expenses secondary to dis-
ability, loss of productivity and early retirement.
Patients with RA have a mean reduction in life
expectancy of about five to ten years. Prior to the
introduction of new treatment strategies, Sokka
et al. [3] reported a disability rate of 44% after a
ten year follow-up period.

Irreversible joint destruction and late seque-
lae of the disease can be reduced by early diag-
nosis and proper treatment. Clinical and labora-
tory tests are the first step in the diagnostic eval-
uation of patients with inflammatory disease
and imaging methods are also used, as they play
a key role in the early diagnosis. Furthermore,
imaging is particularly helpful in view of the
fluctuating course of the disease, to detect
patients with mild clinical and laboratory
inflammatory signs and minor pain and impair-
ment, which then progress to a high degree of

damage and destruction of joints and tendons.
In addition, if treatment is ineffective the disease
may prove to be disabling and mutilating, lead-
ing to ankylosis, deformity, and severe secondary
osteoarthritis. Therefore, apart from early detec-
tion, careful monitoring of disease activity is
important.

Currently Available Imaging
Techniques

Radiography is routinely used to diagnose RA,
assess the degree of articular destruction, and
follow the disease. Together with laboratory data
and clinical findings, radiography is one of the
American College of Rheumatology (ACR) cri-
teria as established in 1987 [4]. It relies on indi-
rect and non-specific signs for RA such as joint-
space widening, soft tissue swelling, dislocation
and effacement of fat pads, and specific signs
such as juxta-articular osteoporosis and bone
erosions. However, its sensitivity and specificity
in the assessment of soft tissue inflammation
and early erosive disease are low [5, 6]. Indeed,
the assessment of structural damage by radiog-
raphy in early RA relates poorly to function.
Changes become evident after a minimum peri-
od of 6-12 months. Moreover, this technique has
a number of limitations such as projectional
superimposition, which may obscure erosions
and mimic cartilage loss, and the use of ionizing
radiation.

Magnetic resonance imaging (MRI) allows
excellent viewing of all joint components simulta-
neously. MRI depicts soft tissue changes and
damage to cartilage and bone earlier and better
than conventional radiography. It is an excellent
tool to assess synovial swelling and volume. Non-
enhanced MRI is significantly superior to radiog-
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raphy in detecting bone damage, while contrast-
enhanced MRI is used to identify vascularized
synovial proliferation and erosions [7, 8].
Synovial membrane enhancement by gadolini-
um-DPTA is strongly correlated to numerical
density of synovial blood vessel. Synovial hyper-
emia and synovial enhancement detected by MRI
depends on tissue perfusion and tissue perme-
ability [7, 9]. The degree of enhancement can be
assessed qualitatively and quantitatively and is
successfully used for early detection and charac-
terization of inflammatory disease [10-13].
However, its routine use to establish early diagno-
sis and for multiple follow-up examination at dif-
ferent joints, is limited by its cost and relatively
long examination time, non-availability at some
centers, and by patients experiencing claustro-
phobia, which affects nearly 10% of patients.

Baseline Ultrasound

Ultrasound is a readily available imaging modal-
ity, available at relatively low cost and acceptable
to all patients. US is able to depict minimal bone
erosions in early target areas and delineate syn-
ovial thickening in peripheral joints affected in
the course of RA [6, 14].

Color and power Doppler US (CDUS, PDUS)
demonstrate vascularity in synovial prolifera-
tions, which is correlated with inflammatory
activity, and add additional information to the
clinical examination [15-21]. Doppler techniques
permit the assessment of synovial vasculariza-
tion via signals generated by flowing blood cells,
but blood flow in microvessels is slow and not
easily detected. Several studies found weak cor-
relation between imaging findings and clinical
indices of disease activity or pathohistological
number of vessels, because the performance of
Doppler techniques in the detection of slow flow
and flow in small vessels, such as those that are
formed in angiogenesis, is still poor [22-24].

Angiogenesis is a basic principle of inflam-
matory disease and refers to the growth of new
capillary blood vessels. Microscopic examination
of synovial biopsies shows angiogenesis from
the very beginning of disease [25, 26]. Prolifera-
tion of hypervascularized pannus can be seen
before joint destruction, correlates with disease
activity and appears to be crucial to RA’s inva-
sive and destructive behavior [27, 28]. Serum
vascular endothelial growth factor (VEGF) con-
centrations are elevated in RA and are known to
correlate with disease activity. Furthermore, a
correlation between VEGF concentration and
radiographic progression between first presenta-

tion of RA patients and the subsequent year has
been described. Synovial tissues expressing
VEGF show a significantly higher microvascular
density [29]. Therefore, vascular imaging and
serologic markers may be a more sensitive test of
disease activity than clinical assessment only.
Functional imaging of intra-articular vascular-
ization is thought to improve grading of disease
activity. Blood flow at the microvascular level,
which is of interest in inflammatory disease, is at
a lower velocity and is therefore less readily
detectable by conventional CDUS/PDUS.

Contrast-Enhanced Ultrasound

Contrast-enhanced CDUS increases the intensity
of Doppler signals from blood through the
administration of microbubble contrast agents.
It enhances the signal-to-noise ratio and may
improve a non-diagnostic Doppler examination
by raising the intensity of weak signals to a
detectable level [30]. CDUS and PDUS allow bet-
ter visualization of small vessels with low vol-
ume blood flow and have been proven to
improve detection of synovial vascularity. In a
prospective study, contrast-enhanced CDUS was
used to evaluate intra-articular vascularization
in 198 finger joints of 46 patients with active RA
and 80 finger joints of 10 healthy volunteers. In
patients, intra-articular vascularization was
detected in 35.3% of joints by non-enhanced
CDUS, versus 78.3% of joints by enhanced
CDUS. Neither technique detected any intra-
articular vascularization in healthy controls.
Treatments were modified in 24% of patients on
the basis of enhanced CDUS findings [31].
Several contrast-enhanced CDUS studies with
first-generation contrast agents have shown to
improve the detection of synovial intra-articular
vascularity. Contrast-enhanced CDUS has shown
promising results in the hands, feet and knee
joints and, recently, in sacroiliitis as well [32-37].
In a further small study, contrast-enhanced
CDUS was superior to CDUS for the assessment
of inflammatory edema, effusion and synovitis
[38]. However, its performance is still not ideal
because near field application is needed to visu-
alize small joints, where inflammatory changes
of RA are mainly located.

Contrast-enhanced gray-scale US (CEUS) is
used to maximize contrast and spatial resolution,
resorting to particular techniques based on a
very low mechanical index (MI) and the higher
harmonic emission capabilities of ‘second-gener-
ation’ contrast agents, such as SonoVue (Bracco,
Italy). The main advantage of these techniques is
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that they use lower, non-destructive US power
with a very low MI range and a low acoustic out-
put. This results in better detection of microves-
sel perfusion. The capacity of CEUS to detect
vascularity in joints was compared to that of
gray-scale US and PDUS by the International
Arthritis Contrast Ultrasound (IACUS) study
group in a multicenter trial of five European cen-
ters comprising 113 consecutive adult patients of
both genders with clinically diagnosed RA. A
total of 113 joints were examined. The endpoints
were the number of joints with active and inac-
tive synovitis, and the measurement of synovial
thickness. CEUS achieved substantially better
differentiation between active and inactive syn-
ovitis (97.3% of joints), compared to US and
PDUS (60.1% of joints). The measurement of
overall thickness related to active synovia was
significantly improved after the administration

-1.3dB HI 0.9 TIS 2.2

DP 1 KPa MI 0.098 TIS 0.0

02.29.87"
02.30

of contrast medium [39] (Fig. 1).
Quantitative and semi-quantitative MRI analysis
of synovial volume have been reported to be able
to assess disease activity. Quantitative assessment
of synovial enhancement was found to correlate
well with histological findings and clinical mark-
ers of disease activity [7, 11, 40,41]. However, all
these procedures to quantify contrast-enhance-
ment of MRI as well as US examination, are time-
consuming and were not used in clinical routine
in the past. Currently, objective quantification by
CEUS is a quick modality, well-suited for clinical
routine use [42] (Fig.2). CEUS also provides bet-
ter spatial resolution, therefore this technique al-
so allows better characterization of the pannus in
terms of differentiating between hypervasculari-
ty, hypovascularity and avascularity.

However, special designed microbubbles for
high frequencies will open up new horizons.

Fig. 1a, b. Longitudinal US scan over the
dorsal radiocarpal joint, showing improved
thickness measurement of active synovitis
(green) after US contrast administration as
demonstrated by the multicenter study of
the IACUS group. a PDUS shows hypervas-
cularity only in a small area of the synovial
proliferation. b CEUS shows diffuse en-
hancement of the main part of the synovial
proliferation
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Fig. 2a-e. Longitudinal dorsal scan of
he MCP joint in a patient with very early
RA and no palpable synovitis at clinical
examination. a PDUS shows hypervas-
cularity in a small synovial proliferation
of 9 mm, consistent with high activity. b
Low MI Imaging before contrast admin-
istration. ¢ CEUS shows enhancement
with complete filling of contrast bub-
bles. d Placement of a region of interest
(ROI) for objective quantification of the
contrast-enhancement. e Time-intensi-
ty curve shows a rapid high peak of
enhancement, demonstrating objective
measurement of the high maximal
intensity, consistent with high disease
activity
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Role of Contrast US in Clinical
Practice

Synovitis

Synovial proliferation and the development of
pannus, a tumor-like focal proliferation of
inflammatory tissue, are crucial in the pathogen-
esis of RA.

Synovial proliferation is accompanied by the
growth of new blood vessels. Hyperemia, the
first step in the inflammatory cascade, can be
identified by imaging procedures. Microscopic
examination of synovial biopsies has shown that
the first sign of disease is angiogenesis in the
synovial membrane, which correlates with
inflammatory activity and occurs before any
bone erosion. Recent studies have shown that no
bone damage occurs in the absence of synovitis,
and that the presence of synovitis is a prognostic
indicator of bone damage, thus stressing the
importance of early synovitis assessment [43,
44]. Early detection of vascularized synovia
should be one of the primary goals in the assess-
ment of RA, as early therapy is important to con-
trol disease progression [45]. It may be difficult
to distinguish between synovitis and joint fluid

Fig. 3a, b. a Tenosynovitis of extensor tendons
of the hand with synovial thickening, fluid in ten-
don sheath and increased vascularity at PDUS. b
CEUS shows enhancement in the area where
PDUS vessels were detected, but also extending
into the tendon and radiocarpal joint (long
arrows). Only the area suggestive of fluid shows
no enhancement (short arrows)

because both can demonstrate hypoechoic to
echoic characteristics on gray-scale US. US con-
trast administration allows not only for signifi-
cantly better differentiation of active articular
synovitis, but also allows a better characteriza-
tion of the synovitis around tendons (Fig. 3). In
tendinopathy of early RA patients, MRI has been
used to quantify synovitis at the wrist. High
scores were predictive of tendon rupture in a
small group of patients. Therefore, sensitive
assessment of peritendinous synovitis might be
of clinical relevance to predict the course of ten-
don involvement and the risk of tendon rupture
in later disease [46]. US allows for excellent
assessment of tendon and tendon gliding during
active and passive motion. Detection of persist-
ent peri-tendinous vascularized synovitis with
vessels entering the tendon might be consistent
with aggressive disease, resulting in the develop-
ment of tendon rupture (Fig. 4). US contrast can
improve detection of pathologic intra- and peri-
tendinous vascularity associated with aggressive
tenosynovitis.

Even in bursitis or the suprapatellar recess, the
administration of contrast may show peripheral
enhancement and thus help to distinguish be-
tween fluid, fibrous and hypervascular synovial
thickening (Fig. 5).
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Synovitis is a hallmark of acute inflammation
and is also seen in exacerbated chronic disease.
The degree of vascularization is indicative of syn-
ovial proliferation and disease activity and there-
fore could be helpful for prognosis of the disease.

The administration of contrast medium further
helps to detect hypervascularization in patients
with only mild synovial proliferation (Fig. 6). In
the wake of complete disease remission, hyper-
emia may resolve completely and this can be
proven by contrast administration on a very sen-
sitive level (Fig. 7).

Pannus and Erosions

At the beginning of the course of RA, the inflam-
matory tissue thickens in the bare areas, gradual-
ly extending into the joint space across cartilagi-
nous surfaces. Bare areas are small areas easily
accessible to US, where bones are covered only by
synovium and not by cartilage, and hence are ex-
posed to synovitis-induced bone destruction.
Exact assessment of the severity of active syn-
ovitis is an important issue, as MRI studies have
shown that the amount of pannus correlates with
the aggressiveness of the disease. In these cases,
time is of major importance, as erosive destruc-
tion usually occurs within the first months of dis-
ease if the patient is left untreated. Furthermore,
within the first year after RA onset, up to 47% of pa-
tients develop erosive disease. Four months after the

Fig. 4a-c. Patient with RA (5 yrs), recently with a finger flexor
tendon rupture, shows synovial proliferation of the extensor ten-
dons. a Extensive tenosynovitis of extensor tendons, suggestive of
aggressive infiltrating synovitis, but only minor vascularity at
(DUS. b Early post-contrast shows peripheral enhancement
(arrows). ¢ Later post-contrast imaging shows complete filling of
the synovitis and the tendons, excluding only one preserved intact
extensor tendon (arrows)

onset of symptoms, McQueen et al. [47,48] report-
ed carpal erosions in 45% of patients on MRI, while
only 15% of patients had erosions on plain radi-
ographs. Other studies confirm the superiority of
MRI and US over conventional radiography to as-
sess synovial activity as a predictor for erosions
and joint destruction [5, 6,44]. The use of contrast
agents may be of value in the presence of erosive
disease; vascularized erosions are a sign of pro-
gressive active disease, thus contrast administration
may help to exclude active vascularized erosions.

Therapeutic Follow-up and Advanced
Stage

Prevention of structural damage is one of the
most important issues in RA. Long-term studies
using conventional US and MRI have shown that
successful therapy results in fibrotic and/or
necrotic pannus and reduction of vascularity.
Thus, monitoring disease activity requires imag-
ing techniques that allow a distinction between
fibrotic pannus with no residual vascularity, and
fibrotic pannus with residual vascularity.

In advanced stages, the inflammatory process
may lead to massive erosions and bone mutilation,
subluxation or luxation and, eventually, fibrous
and bony ankylosis. In this stage, synovial thick-
ening may be especially difficult to stage clinical-
ly regarding volume and disease activity. Further-
more, volume does not reflect the aggressiveness
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Fig. 5a-d. Longitudinal US scan at the suprapatellar recess of the left knee in a 37 year-old patient with RA. a Synovial proliferation at
the suprapatellar recess, showing only few vascularized spots by PDUS. b Baseline pre-contrast low Ml image. ¢ After contrast administra-
tion, improved detection of diffuse enhancement in the synovial proliferation can be observed, with delineation of multiple vascularized
septa using a high-end machine to assess the suprapatellar synovitis. d Handheld US system now enables contrast application. After con-
trast administration, improved detection of synovial activity and detection of synovial vascularized septation can be documented at the
suprapatellar recess. Using PDUS in a high-end US machine only minor vascularity in the synovial proliferation, mainly effusion, suitable
for fluid aspiration could be detected. Contrast administration shows multiple vasularized septation, suggesting that aspiration should not

be performed at this site

of the disease, because it can be related not only
to active synovitis, but also to effusion or fibrous
inactive synovitis. Rather, highly active synovitis
leads to even greater mutilation or tendon involve-
ment and tendon rupture. The same applies here
as for early disease activity: sensitive detection of
decreased vascularity is necessary in order to es-
tablish remission of the disease. In treated RA pa-
tients with long-standing disease, serum VEGF
concentrations have been described to be lower
than in patients with early RA. Furthermore,
changes in serum VEGF concentration and
changes in synovial vascularity assessed by PDUS
in patients receiving tumor necrosis factor (TNF)
inhibitors have been described [48, 49]. Terslev et

al. [50] found a reduction of color pixel per region
of interest (ROI) to be a sign of decreased vascu-
lar permeability and vasodilatation in the syn-
ovial proliferation and further, Ribbens and col-
leagues used PDUS as an outcome measure of re-
sponse to anti-TNF alpha treament in synovitis
[51]. Also, in the study by Hau et al., a reduction
of PDUS flow signals were reported after therapy
[52]. Therefore, PDUS seems to be capable of eval-
uating synovial vascularity to determine progno-
sis and assess treatment response, but up to now
few imaging studies have been available for the
therapeutic follow-up of inflammatory disease.
If the patient presents with full remission in
terms of resolved vascularity and improved clin-
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Fig. 6a-f. Patient with long standing RA (15 yrs), shows clinically minor swelling over the flexor carpi radialis (FCR) tendon. a Axial PDUS
shows hypoechoic thickening of FCR tendon sheath with only minor vascularity. b Pre-contrast axial scan shows hypoechoic thickening of
the synovia around the FCR tendon. c Postcontrast axial scan shows increased vascularity around tendon and a few bubbles entering the
tendon itself. d Longitudinal PDUS shows synovial thickening of FCR tendon sheath and the radiocarpal joint with only minor vascularity.
e Pre-contrast longitudinal scan. f Post-contrast longitudinal scan showing clear articular and peri-tendinous enhancement close to the
tendon and a few bubbles entering the tendon, corresponding to high intra-articular and peri-tendinous vascularity at the microvessel
level and therefore a high degree of inflammatory activity, which could only be demonstrated by contrast administration. This inflamma-
tory activity may affect also the tendon itself, and therefore cause tendon rupture
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Fig. 7a-g. Patient with late onset RA under therapy, clinically in disease remission. a Hand X-ray of a patient, without clear evidence of
erosions only small cystic alteration. b CDUS shows an open-mouthed cortical defect at the processus styloideus ulnae, consistent with
the finding of extensive erosive disease and a high amount of synovial proliferation with no vascularity. ¢ CEUS: baseline pre-contrast
image. d CEUS: the first detectable synovial enhancement is located near the processus styloideus ulnae. e and f CEUS: progressive syn-
ovial enhancement with some bubbles in the distal part of synovial thickening. g CEUS: late phase, with color-coding for bubbles in
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Fig. 8a-c. US scan of the suprapatellar recess at the knee in a 61 year-old patient with RA. a Coronal gadolinium-enhanced MRI (T1-
weighted 722|20; T2-weighted 5035|30) delineates the extension of synovial proliferation in the suprapatellar recess after contrast admin-
istration. b CDUS shows minor vascularity in the delineated amount of synovial proliferation. ¢ CEUS shows improved detection of diffuse
vascularity

ical parameters, modification of therapy can be
considered. If only a few joints are involved and
no significant clinical activity is present, local
injections may be used instead of increased sys-
temic medication. This requires close monitor-
ing and therefore good availability of imaging,
because the disease does not follow a linear
course, especially when potent therapy is initiat-
ed early.

In terms of feasibility and costs, US is an ide-
al imaging technique for long-term monitoring,
which is essential in RA patients. Monitoring of
multiple joints, which is well performed by US, is
also essential for adequate management of RA.
The value of using US contrast in monitoring de-
creased vascularity under effective treatment
needs to be evaluated in controlled clinical trials.

Limitations and Advantages

Quantification of contrast-enhancement is
important for longitudinal assessments. Some
authors have employed subjective grading of
vascularity on pre- and post-therapy images.
Good correlation was established between sub-
jective grading based on US, using non-
enhanced CDUS, and histology [21, 31]. In our
experience, subjective grading before and after
the application of contrast is an excellent tool in
clinical routine because it is relatively easy, quick
to perform, and reliable [39]. Quantitative com-
puter-based quantification was not found to be
superior. Other investigators used software with
digital image analysis to count the number of
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pixels in a chosen ROI, resulting in a quantitative
score [15, 19]. These studies were performed
without the use of a US contrast agent. However,
the image acquisition procedure has to be stan-
dardized and the quality of the examination is
highly dependent upon the skill of the operator
and the use of optimal equipment. Furthermore,
there are potential problems with reproducibili-
ty based on intra- and inter-observer variability
and the use of different machines. Therefore
standardization of measurements and particu-
larly, interpretation of time-intensity curve char-
acteristics, need further investigation.

Disadvantages and Advantages

Bone marrow edema, which is identified by MRI
alone, is described as possessing a high predictive
value for the development of erosions. It has been
suggested that bone marrow is an additional as-
pect of the disease process in RA [48,53]. Howev-
er,bone marrow edema is not specific for RA; it is
seen in other conditions as well.

Para-articular osteoporosis diagnosed by
radiography is an early sign of joint involvement
in RA. It presents as a secondary indirect sign of
synovitis and this can be demonstrated directly
using MRI or US, as both methods provide sen-
sitive delineation of synovial pathology.

Advantages of US over MRI can be found in
terms of costs and examination time; contrast-
enhanced US is more economical than contrast-
enhanced MRI. The total cost of contrast-
enhanced US is still 30-50% less than that of con-
trast-enhanced MRI. The cost of US contrast can
be reduced by slow infusion, which enables
imaging of multiple joints. Recently, handheld
systems have been developed that allow US con-
trast examination, which may be a further prom-
ising aspect in the rheumatological bedside
assessment of RA patients (Figs. 5, 5d).

Further advantages consists of the fact that
US contrast agents are less likely to leak into the
synovial fluid and diffuse into the tissue than
MRI contrast agents and they therefore reflect
changes in the intravascular compartment with
greater accuracy (Fig. 8). Delayed MRI sequences
may present as an enhancement of synovial effu-
sion secondary to the diffusion of gadolinium
into the intracellular space.

The variability of joint involvement and dis-
ease activity in the examined areas, the occa-
sionally low correlation of clinical symptoms
with radiological results, and the fact that differ-
ent sites may respond differently to RA therapy,
call for imaging modalities that allow examina-
tion of several joints within a relatively short

period of time or during one patient visit. The
disease starts in a single joint only in 20% of
cases. The most common sites of involvement
are the hands, marked by symmetrical arthritis
in the fingers, but also the feet, knees, shoulders
and elbows. The hips and the sacroiliac joints are
usually not affected in the initial stage. The bursa
may be involved and there may be changes in
tendons as well. All of these regions can be inves-
tigated effectively by US within a single exami-
nation session. A larger time window to perform
contrast-enhanced US would be helpful for the
examination of multiple sites.

Perspectives: Grading, Full
Remission and Prognosis

Grading of RA

Soft tissue changes have not been adequately
classified, as they are not depicted on conven-
tional radiographs based on routinely used grad-
ing scores.

A more refined classification encompassing
inflammatory changes in soft tissue rather than
grading based on conventional radiography is
required. The identification of prognostic factors
such as persistent synovial hyperemia, is impor-
tant for adequate management of the disease.

Furthermore, in view of the fact that especial-
ly in early RA the use of appropriate therapeutic
regimens is important, an acceptable and usable
grading system for clinical routine and scientific
approach, as established for the use of MRI by
Outcome Measures in Rheumatoid Arthritis
Clinical Trials (OMERACT), is essential to score
synovitis when performing US in RA patients
(45, 47, 54].

Achieving full remission is a definite aim
when treating RA. However, true remission
remains rare in RA and minimal disease activity
is advocated as a satisfactory state [55, 56].
Sensitive imaging using contrast-enhanced US
might be of important value to predict those
patients most at risk of accelerated joint destruc-
tion or tendon rupture, when in follow-up no
decrease of activity in terms of minimal disease
activity or even full remission is present.

Conclusions

Disease activity in RA is reported to be visual-
ized better through the use of US contrast media
than by unenhanced US. However, the routine
use of contrast for US examinations is not estab-
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lished as for MRI in the assessment of synovitis.
The main obstacles to using US contrast media
are high costs, technical limitations (for instance
in near fields), a relatively short time window of
examination, and the need for optimally designed
bubbles for near field investigation at higher fre-
quencies. New therapies targeting the microvas-
cular level are demanding an improved diagnostic
potential to provide sensitive detection of vascu-
larity. Such methods are required for scientific
research as well as in daily clinical examinations.

Reliable imaging techniques for the early detec-
tion of pannus, as well as for monitoring syn-
ovial vascularization and early bone erosions,
are necessary for the appropriate management of
patients with RA. In addition, there is a need for
a grading system that includes synovial activity,
which can be obtained by sensitive US assess-
ment of synovial vascularity. This should encom-
pass an assessment of soft tissues in the initial
assessment of the disease, as well as subsequent
monitoring.

Key Points

« US contrast in RA improves sensitive detection of intra-articular and peritendinous
synovial vascularity at the microvascular level.

+ US contrast media might be helpful for determining full disease remission by a sensitive
assessment of vascularity decrease under adequate therapy.
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