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Introduction

Focal liver lesions may be identified incidentally,
e.g., during an abdominal ultrasound (US) scan per-
formed for clinical reasons unrelated to the liver
lesion or during staging or follow-up procedures for
a primary neoplasm or liver cirrhosis. Focal liver
lesions may be characterized by baseline gray-scale
US and color Doppler US when a typical pattern is
identified, as in the case of homogeneously hyper-
echoic hemangiomas (VILGRAIN et al. 2000) or focal
nodular hyperplasia with a spoke-wheel shaped cen-
tral vascular pattern on color Doppler US (WaNG
et al. 1997). Even though color Doppler US may
improve diagnostic confidence in the characteriza-
tion of focal liverlesions (TAYLOR et al. 1987; HOSTEN
etal. 1999a; TANAKA et al. 1990; NINo-MURCIA et al.
1992; NUMATA et al. 1993; REINHOLD et al. 1995; LEE
etal. 1996; GONZALEZ-ANON et al. 1999), it does have
important limitations since benign and malignant
lesions may show a similar appearance on both gray-
scale and color Doppler US.

It has been shown that the visibility of periph-
eral and intratumoral vessels may be improved on
color and power Doppler US after the injection of
microbubble-based contrast agents (HOSTEN et al.
1999b; KiMm et al. 1999; LEE et al. 2002; LEEN et al.
2002). Nevertheless, color signal saturation, motion
and blooming artifacts, insensitivity to the flow of
capillary vessels and limited sensitivity to the signal
produced by microbubble-based agents represent
important limitations of color Doppler US.

Microbubble-based contrast agents (GRAMIAK
and SHAH 1968) and dedicated US contrast-specific
modes were introduced to overcome the limita-
tions of baseline gray-scale and color Doppler US.
Air-, perfluorocarbon- or sulfur hexafluoride-filled
microbubbles may be employed to characterize focal
liver lesions, though the technique of scanning dif-
fers according to the employed agent.

Levovist (SH U 508A, Schering, Berlin, Germany)
is an air-filled microbubble contrast agent covered by
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a shell of galactose and palmitic acid. Since Levovist
presents a low acoustic nonlinear response and low
production of harmonic frequencies when insonated
atalow acoustic transmit power, insonation with high
acoustic power is necessary to produce microbubble
destruction with emission of a wideband frequency
signal detectable by dedicated contrast-specific tech-
niques. Destructive imaging requires intermittent
scanning and a limited number of sweeps to mini-
mize bubble rupture and, consequently, does not
allow prolonged evaluation of liver contrast enhance-
ment. In comparison with baseline US, the injection
of Levovist has been shown to allow the identification
of tumoral vessels, to differentiate benign and malig-
nant focal liver lesions according to the enhancement
pattern (BERTOLOTTO et al. 2000; BURNS et al. 2000;
Kim TK et al. 2000; WiLsoN et al. 2000; BLOMLEY
et al. 2001; NUMATA et al. 2001; DiLL-MACKY et al.
2002; voN HERBAY et al. 2002; Kim EA et al. 2003;
MIGALEDDU et al. 2004; WEN et al. 2004), and to
improve the characterization of focal liver lesions in
terms of both overall accuracy and diagnostic confi-
dence (TANAKA et al. 2001; IsozAKI et al. 2003; voON
HERBAY et al. 2002; BRYANT et al. 2004). The late
liver-specific phase of Levovist (BLOMLEY et al. 1998,
1999; Qua1a et al. 2002b), beginning from 3 to 5 min
after injection, has been demonstrated to be the most
important dynamic phase for the characterization of
focal liver lesions (BLOMLEY et al. 2001; BRYANT et
al. 2004). During the late phase, benign liver lesions
present similar microbubble uptake to the adjacent
liver, while malignant liver lesions present lower
microbubble uptake (BERTOLOTTO et al. 2000; BURNS
etal. 2000; BLOMLEY et al. 2001; BRYANT et al. 2004).

New generation perfluorocarbon- or sulfur hexa-
fluoride-filled microbubbles covered by a phospho-
lipid shell, such as SonoVue (BR1, Bracco, Milan,
Italy), Definity (MRX 115, Bristol-Myers Squibb,
North Billerica, MA, NY, USA), and Sonazoid
(NC100100, Nycomed Amersham, Oslo, Norway),
presentanonlinear response with production of har-
monic and subharmonic frequencies (SCHNEIDER
et al. 1995; MOREL et al. 2000; COrRREAS et al. 2000,
2001; CosGROVE et al. 2002) at low acoustic power
insonation, allowing the employment of nondestruc-
tive imaging and the real-time evaluation of con-
trast enhancement in focal liver lesions (ALBRECHT
et al. 2003; BRANNIGAN et al. 2004; NicoLAU et al.
2003a; HoHMANN et al. 2003; QuaIa et al. 2004).
Preliminary experimental and clinical investiga-
tions proved the safety and efficacy of SonoVue in
vascular and parenchymal diagnostic applications
(Qual1a et al. 2003, 2004).
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Besides commercial microbubble-based contrast
agents, direct intra-arterial CO, injection into the
proper hepatic artery after selective hepatic arteri-
ography and superior mesenteric arteriography has
been proposed for the assessment of vascularity in
hepatic tumors and particularly in hepatocellular
carcinoma (CHEN et al. 2002; Kupo et al. 1992).

11.2
Scanning Technique for Focal Hepatic
Lesions

11.2.1
Preliminary Baseline Scan

Before microbubble injection, sonologists must per-
form a complete and accurate assessment of the liver
parenchyma and of each identified focal liver lesion.
The baseline scan includes the assessment of lesion
appearance on gray-scale and color Doppler US,
with the employment of tissue harmonic imaging
and compound imaging (CLAUDON et al. 2002) and of
state-of-the-art US equipment provided by wideband
frequency transducers. Although tissue harmonic
imaging was originally developed for microbubble-
based contrast agents(BURNS et al. 1996; WARD et
al. 1997), it also allows a clear enhancement of the
image quality in native tissues. This is achieved by
improvement of contrast resolution, particularly in
patients who are difficult to image with conventional
techniques, by reduction of the artifacts that degrade
conventional sonograms, and by improvement in the
differentiation between solid and liquid components.
Compound imaging may combine multiple coronal
images obtained from different spatial orientations,
i.e., spatial compound imaging (JESPERSEN et al.
1998), or may involve the acquisition of images of
the same object at different frequencies, combining
them into a single image, i.e., frequency compound
imaging (GATENBY et al. 1989). The result is the
generation of a single image with better delineated
margins and curved surfaces, fewer image artifacts,
speckles (echoes from subresonation scatterers), and
noise, and improved image contrast.

Baseline color Doppler US is performed by using
slow-flow settings (pulse repetition frequency 800-
1,500 Hz, wall filter of 50 Hz, high levels of color
versus echo priority, and color persistence). Color
gain is varied dynamically during the examina-
tion to enhance color signals and avoid excessive
noise, with the size of the color box being adjusted
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to include the entire lesion in the field of view of the
color image. Spectral analysis of central and periph-
eral vessels is performed by pulsed Doppler to reveal
continuous venous or pulsatile arterial flows.

11.2.2
Scanning Modes After Microbubble Injection

Two different insonation modes, destructive and
nondestructive, may be employed after micro-
bubble injection according to the acoustic power
output, which is related to the employed mechani-
cal index (MI) value. The MI value is a practical
index to express the intensity of the acoustic field,
even though it is an unreliable predictor of micro-
bubble destruction, since the same MI value cor-
responds to different powers of the transmitted US
beam in different US systems (MERRITT et al. 2000).
The destructive mode has to be performed using
the highest available MI to achieve extensive bubble
rupture and production of a wideband frequency
signal.
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a) Destructive high acoustic power intermittent
mode. This technique employs high acoustic power
insonation to achieve microbubble destruction
with emission of a transitory broadband frequency
signal. It is suitable for agents with a late liver-spe-
cific postvascular phase, such as Levovist (BLOMLEY
et al. 1998, 2001; Quaia et al. 2002b) and Sonavist
(SH U563 A, Schering AG, Berlin, Germany), because
it allows effective assessment and characterization
of focalliver lesions during the late phase: malignant
liver lesions typically do not retain microbubbles
while benign lesions present persistent microbubble
uptake (BLOMLEY et al. 1998; BRYANT et al. 2004).
To minimize microbubble rupture, destructive
imaging requires intermittent scanning and a lim-
ited number of sweeps. Moreover, the high acoustic
power of insonation produces a marked mixture
of tissue harmonics and microbubble harmonics
(CosGROVE et al. 2002), with production of a signifi-
cant tissue background on which the bubble signal
is superimposed.

Intermittent scanning may be manually or ECG
triggered or it may be turned on simply by defreez-

A
| | | |
1 30 sec 60 sec 90 sec 120 sec
arterial
phase
portal
phase
injection late
phase

Fig. 11.1. Scheme of intermittent high acoustic power insonation for the characterization of focal liver lesions. Different trains
of four high acoustic power US pulses are sent during the arterial, portal, and late phases. During the arterial phase, which is
brief, a single train is transmitted. During the portal and late phases, which are longer than the arterial phase, two trains for

each phase may be transmitted.
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ing imaging for 1-2 s. Different trains with four to
six high acoustic power US pulses may be employed
(Fig. 11.1). The gray-scale gain is set immediately
below the noise threshold, with one focal zone posi-
tioned just below the lesion. The delay time between
the first and second destructive pulses of each
train, corresponding to 110-140 ms (0.110-0.140's
= 1/frame rate = 1/7-1/9), is long enough to allow
bubble refilling in large tumor vessels with fast flow
but too brief to allow refilling in tumoral capillary
and microvessels with slow flows. Since bubbles are
rapidly destroyed from the first to the second frame,
altering image contrast from a fractional blood
volume-weighted image (first frame, Fig. 11.2) to a
fractional blood flow-weighted image (second and
subsequent frames, Fig. 11.2), the first frame repre-
sents both large and small tumor vessels and shows
the pattern of contrast enhancement, while the
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second frame selectively represents large arterial/
venous vessels with fast flow and permits assess-
ment of tumor vessel appearance and distribution.
The following two frames obtained from each train
do not add any significant findings; they appear
very similar to the second frame and are character-
ized only by a progressive reduction in bubble con-
tent due to bubble rupture.

b) Nondestructive low acoustic power continuous
mode. This mode of insonation was allowed by the
introduction of a new generation of perfluorocar-
bon- or sulfur hexafluoride-filled microbubbles and
of multipulse scanning modes showing increased
sensitivity to the nonlinear harmonic responses of
the microbubbles and more effective suppression
of tissue signals. A frequency corresponding to the
microbubble resonance frequency is transmitted, and

Fig.11.2a-d. Stimulated acoustic emission after air-filled microbubble injection at high acoustic power insonation. Agent
Detection Imaging (Philips-ATL, WA, USA). Four frames were obtained from high transmit power insonation. Diffuse contrast
enhancement (arrows) is evident in the late phase (a) in the first frame of the train. In the subsequent frames of the train
(b-d), contrast enhancement decreases progressively due to microbubble destruction, with evidence of a central scar spared
by contrast enhancement.
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harmonic frequencies are generated from nonlinear
behavior of microbubbles (CoSGROVE et al. 2002).
Harmonic frequencies that present a value double
that of the fundamental frequency may be detected by
using dedicated contrast-specific imaging modes.

The nondestructive mode has several advantages
over the destructive mode. First, it allows the effec-
tive suppression of tissue background signal since
the stationary native tissue does not produce har-
monic signals when insonated at low acoustic power.
Second, the nondestructive mode allows assessment
of contrast enhancement in real time, avoiding
scan delay; it even offers better temporal resolu-
tion than contrast-enhanced CT and MR imaging.
Third, this technique permits the acoustic window
to be changed after microbubble injection. Possible
disadvantages of nondestructive as compared with
destructive imaging are a lower signal-to-noise ratio
and the narrower dynamic range caused by the lower
acoustic power of insonation.

Insonation should encompass all the arterial
phase and must be extended to the first part (20 s)
of the portal phase (Fig. 11.3). During the following
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seconds of the portal phase and during thelate phase,
the sonologist should perform brief insonations of
5-10 s and then resume the contrast-specific mode
for 20-30 s to allow lesion replenishment by micro-
bubbles (Fig. 11.3). These brief insonations should
number at least two for the portal phase and three
for the late phase. During the late phase each lesion
should be scanned up to microbubble disappear-
ance from the microcircle (6-8 min).

11.2.3
Dynamic Phases After Microbubble Injection

Different dynamic phases of contrast enhancement
may be identified in the liver parenchyma after the
injection of microbubble-based contrast agents, as for
computed tomography (CT) or magnetic resonance
(MR) imaging after the injection of iodinated or para-
magnetic agents (VAN LEEUWEN et al. 1996),

The arterial (vascular) phase is very brief. It
begins at about 10-20 s after microbubble injection
(Figs. 11.4a, 5a-d) and lasts up to 25-35s from the

1 30 sec 60 sec 90 sec 120 sec 150 sec 360 sec
arterial
phase
portal
phase
injection late
phase

Fig.11.3. Scheme of continuous low acoustic power mode insonation for the characterization of focal liver lesions. A single
continuous scan has to be performed during the arterial phase, while several brief scans may be employed during the portal
and late phases. For the latter purpose, insonations of 5-10 s are performed, with subsequent resumption of the contrast-specific

mode for 20-30 s
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Fig. 11.4a,b. Transverse scan. Appearance of the liver during the arterial (a) and late (b) phases after Levovist (air-filled micro-
bubble agent) injection at high acoustic power insonation. Intense contrast enhancement is demonstrated during the late liver-
specific phase (b) 5 min after microbubble injection) owing to microbubble destruction. During the late liver-specific phase,
microbubbles are pooling in liver sinusoids without evidence of microbubbles in the portal vessels (arrow), which appear as
voids in the diffusely enhancing liver parenchyma.

C

Fig. 11.5a-1. Longitudinal scan. Appearance of the liver during the arterial (a-d), portal (e-h), and late (i-n) phases after Son-
oVue (sulfur hexafluoride-filled microbubble agent) injection at low acoustic power insonation. During the arterial phase (a-d),
15 s after microbubble injection, microbubbles fill the hepatic arterial vessels (arrowheads), sparing the portal vein (arrows) and
portal intrahepatic vessels. During the portal phase (e-h), 45 s after microbubble injection, microbubbles fill the portal vessels
(arrows), progressively filling the liver sinusoids. In the late phase (i-1), 120 s after microbubble injection, microbubbles fill the
liver sinusoids, giving rise to diffuse contrast enhancement in the liver parenchyma.
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time of injection according to the circulation time
(ALBRECHT et al. 2003; LEE et al. 2003). The arterial
phase is necessary to evaluate lesion perfusion: dif-
fuse and intense contrast enhancement is observed
in hypervascular focal liver lesions whereas hypo-
vascular focal liver lesions are characterized by
absent or dotted contrast enhancement.

The portal and late phases (Figs. 11.4b, 11.5e-n)
are much longer. The portal phase begins at 30-35 s
and lasts up to 100-110 s from the beginning of
microbubble injection. In liver cirrhosis, altered
hepatic blood flow dynamics are frequently found,
resulting in increased arterial flow and decreased
portal vein flow to the liver (QUIrROGaA et al. 2001).
Therefore, patients with advanced cirrhosis often
have inadequate, and sometimes transient, hepatic
parenchymal enhancement during the portal phase
(CHEN et al. 1999). It is likely that in CT and MR
imaging the portal phase has limited usefulness for
the characterization of hepatic neoplasms.

The late (delayed or parenchymal) phase begins
after the portal phase and lasts about 5-8 min, up to
the time of disappearance of the microbubbles from
the peripheral circulation. The late phase of micro-
bubble agents is different from the equilibrium
phase of non-liver-specific CT and MR contrast
agents, since microbubble-based contrast agents do
not present an interstitial (equilibrium or postvas-
cular) phase and are pure intravascular agents. For
this reason, microbubbles circulate in liver sinu-
soids during the late phase and different agents dis-
play different persistence in sinusoids.

After blood pool clearance, air-filled agents, such
as Levovist or Sonavist, and perfluorocarbon-filled
agents, such as Sonazoid (NC100100, Amersham
Health, Oslo, Norway), have also been demonstrated
to show hepatosplenic-specific parenchymal affin-
ity in the late phase, during which the microbubbles
are stationary in liver and spleen, in part pooled in
sinusoids and in part phagocytosed by the reticulo-
endothelial system (HAUFF et al. 1997; BLOMLEY et
al. 1998; Quaia et al. 2002a; KINDBERG et al. 2003).
This phase is comparable to the late phase of liver-
specific MR agents such as gadobenate dimeglumine
(Gd-BOPTA; Multihance; Bracco Imaging, Milan,
Italy).

Thelate phase, with or withoutliver specificity, has
been shown to be the most important for the charac-
terization of focal liver lesions since benign lesions
typically present persistent microbubble uptake
with a hyper- or isovascular appearance relative to
the adjacent liver while malignant lesions typically
display microbubble washout with a hypovascular
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appearance (BLOMLEY et al. 2001; ALBRECHT et al.
2003; N1corLAU et al. 2003a,b; BRYANT et al. 2004;
Qua1a et al. 2004). For these reasons, the late phase
is the most important in the characterization of
focal liver lesions, as with liver-specific MR agents
(GrazioLl et al. 2001a,b).

11.2.4
Contrast Enhancement Patterns

The echogenicity of focal liver lesions on baseline
gray-scale US and the tumoral vascularity and stain-
ingafter microbubble-based contrastagentinjection
have to be compared with the adjacent liver. Lesions
with a homogeneous or slightly heterogeneous echo
intensity distribution are defined as hyper-, iso-,
or hypoechoic (or hyper-, iso-, or hypovascular),
depending on whether they display a prevalently
higher, similar, or lower echogenicity relative to the
adjacent liver parenchyma. In all other cases, lesions
are defined as heterogeneous.

According to the lesion appearance during the
arterial phase, contrast enhancement patterns
(Fig. 11.6) are classified as: (a) absent (no differ-
ence before and after microbubble injection), (b)
dotted (tiny separate spots of enhancement distrib-
uted throughout the lesion), (c) rim-like (continu-
ous ring of peripheral contrast enhancement), (d)
nodular (discontinuous or continuous peripheral
enhancement with nodular appearance), (e) central
(enhancement of the central portion of the lesion,
defined as spoke-wheel shaped if the central vessel
appears to branch toward the periphery of the
lesion), or diffuse (enhancement of the whole lesion)
with either (f) ahomogeneous or (g) a heterogeneous
appearance.

It has been proposed (TANAKA et al. 2001), the
diffuse heterogeneous enhancement in hepatocel-
lular carcinomas should be defined as mosaic-like
if only some parts of the tumor show enhancement
during the arterial phase and reticular if net-like
enhancement appears throughout the tumor during
the portal and late phases.

According to thelesion appearance during thelate
phase, contrast enhancement patterns (Fig. 11.7) are
classified as: (h) hypoechoic (compared to the echo-
genicity of adjacent liver parenchyma), (i) residual
(central hypoechoic area in a lesion with a persistent
hyper- or isoechoic appearance), (1) hyperechoic
(compared to the echogenicity of adjacent liver
parenchyma), or (m) heterogeneous (prevalently
hypoechoic or hyperechoic).
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Fig.11.6a-g. The different patterns of contrast enhancement in focal liver lesions during the arterial phase: a absent, b dotted,
¢ peripheral rim-like, d peripheral nodular, e central with a spoke-wheel shape, f diffuse homogeneous, g diffuse heteroge-

neous.
h

i

y

1 m

Fig.11.7h-m. The different patterns of contrast enhancement in focal liver lesions during the late phase: h hypoechoic (or
hypovascular), i residual central hypoechoic area in a lesion with a persistent iso- to hyperechoic (or iso- to hypervascular)

appearance, 1 hyperechoic (hypervascular), m heterogeneous.

1.3
Benign Focal Liver Lesions

11.3.1
Hemangioma

Epidemiology and histopathologic features. Hem-
angiomas are the most common benign tumors of
theliver (Ros 1990), with an incidence in the general
population ranging from 0.4% to 20% (EDMOND-
SON 1958; KARHUNEN 1986). Although hemangio-
mas occur more frequently in women, they are not
particularly prevalent at any age. Hemangiomas
show an association with focal nodular hyperplasia,
and the two lesions may coexist in the same liver
(VILGRAIN et al. 2003).

Multimodality imaging - US and color Doppler US.
Liver hemangiomas may display a typical appearance
on baseline gray-scale US consisting in a hyperechoic
and homogeneous or centrally heterogeneous pat-
tern, with or without posterior acoustic enhancement
and well-defined regular margins (VILGRAIN et al.
2000). Besides their typical appearance, liver hem-
angiomas may also present atypical and therefore
indeterminate patterns on baseline US, appearing
either homogeneous or heterogeneous, hypoechoic
or isoechoic, and with or without a thin peripheral
echoic border (VILGRAIN et al. 2000; QuaAIA et al.
2002a). Even though typical liver hemangiomas do
not need further confirmatory studies, both benign
(focal fatty change, hepatocellular adenoma, focal
nodular hyperplasia, lipoma) and malignant (hepato-
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cellular carcinoma and metastasis) focal liver lesions
may present a similar appearance to hemangiomas on
baseline gray-scale US. Like baseline gray-scale US,
color Doppler US shows only moderate accuracy in
the characterization of liver hemangiomas and may
also belimited by motion artifacts and low sensitivity
to slow flows. Absence of flow or a small number of
intratumoral color spots may be observed in smaller
hemangiomas, while intratumoral vessels, mostly
with a venous flow, are seen in larger hemangiomas
(Quaia et al. 2002a).

Multimodality imaging - CT and MR imaging. The
imaging procedures most frequently employed to
characterize liver hemangiomas are CT and MR
imaging, performed after contrast agent adminis-
tration during different dynamic phases (arterial,
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portal, equilibrium, and late phases). The typical con-
trast enhancement pattern of hemangiomas consists
in peripheral nodular enhancement with progressive
centripetal fill-in (NINo-MURCIA et al. 2000). Never-
theless, a variety of less frequent or less typical con-
trast enhancement patterns may be observed, such
as diffuse contrast enhancement in hypervascular
hemangiomas or absence of contrast enhancement in
fibrotic hemangiomas, which are frequently detected
in cirrhotic patients (BRANCATELLI et al. 2001a).

Contrast-enhanced US. Various contrast enhance-
ment patterns may be observed in liver hemangio-
mas after the administration of microbubble-based

contrast agents.
Most liver hemangiomas display peripheral nod-
ular enhancement (Fig.11.8) during the arterial

Fig. 11.8a-d. Hemangioma: typical peripheral nodular contrast enhancement pattern with progressive fill-in. Contrast-specific mode:
Cadence Contrast Pulse Sequence (Siemens-Acuson, CA, USA) with low acoustic power insonation. Peripheral nodular enhancement
is demonstrated during the arterial phase (a), with progressive centripetal fill-in during the portal (b, ¢) and late (d) phases.
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phase, with progressive centripetal fill-in from 50 to
280 s after injection. During the late phase, the cen-
tripetal fill-in appears complete in 40-50% of cases
(LEE et al. 2002; NicoLAU et al. 2003a), and partial
in the remainder (owing to the presence of intratu-
moral areas of fibrosis or thrombosis).

Hyperechoic liver hemangiomas may also show
progressive fill-in without evidence of centripetal
progression (Fig. 11.9) and with an iso- or hypere-
choic appearance relative to the adjacent liver in the
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late phase. In these hemangiomas the progressive
fill-in involves both the periphery and the center of
the lesion at the same time during the arterial and
late phases.

Hypervascular liver hemangiomas usually dis-
play rapid fill-in with diffuse contrast enhance-
ment (Figs. 11.10, 11.11) during the arterial phase
(Quaia et al. 2002a, 2004). Rapidly filling heman-
giomas usually measure less than or equal to 3 cm,
and correspond to roughly 16% of all hemangiomas

Fig. 11.9a-c. Hemangioma: progressive fill-in without nodular enhancement during the arterial phase. Longitudinal plane. a
Baseline US. The hemangioma (arrows) appears hyperechoic and slightly heterogeneous. b, ¢ Contrast-enhanced US. Contrast-
specific mode: Pulse Inversion Mode (Philips-ATL, WA, USA) with high acoustic power insonation. Progressive centripetal fill-in
without evidence of peripheral enhancement is demonstrated during the arterial (b) and late (c) phases.

,w-

Fig.11.10a-c. Hypervascular hemangioma: diffuse contrast enhancement. a Baseline US. A hypoechoic lesion (arrow) is dem-
onstrated in a bright liver. b, ¢ Contrast-enhanced US. Contrast-specific mode: Pulse Inversion Mode (Philips-ATL, WA, USA)
with low acoustic power insonation. Diffuse homogeneous contrast enhancement demonstrated in the arterial phase (b) persists
during the late phase (c), with a hyperechoic appearance in comparison to the adjacent liver parenchyma. Hemangioma was
proved by US-guided biopsy.
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Fig.11.11a-d. Hypervascular hemangioma: diffuse contrast enhancement. a Baseline US. A heterogeneous lesion (arrows) is
demonstrated in a bright liver with some intratumoral vessels on baseline power Doppler US (b). ¢, d Contrast-enhanced US.
Contrast-specific mode: Pulse Inversion Mode (Philips-ATL, WA, USA) with low acoustic power insonation. Diffuse homo-
geneous contrast enhancement is demonstrated during the arterial phase (c) and persists during the late phase (d), with an
isoechoic appearance in comparison to the adjacent liver parenchyma. Hemangioma was proved by US-guided biopsy.

(VILGRAIN et al. 2000); such hemangiomas are most
commonly identified in cirrhotic patients (BRAN-
CATELLI et al. 200la). This enhancement pattern
is similar to that observed on contrast-enhanced
CT after the injection of iodinated contrast agents
(BRANCATELLI et al. 2001a).

Persistent dotted contrastenhancement (Fig. 11.12)
with an isovascular appearance relative to the adja-
cent liver may be observed in liver hemangiomas.
This pattern is particularly frequent in liver heman-
giomas with a hyperechoic appearance on baseline
US (Qua1a et al. 2002a) and is due to the difficulty
in appreciating the vascularity and contrast enhance-
ment in hyperechoic lesions (Kopa et al. 2004). This
pattern is quite frequent in hyperechoic liver hem-
angiomas after air-filled microbubble injection and
intermittent high acoustic power insonation (Quaia

et al. 2002a). It is more rarely observed after perfluo-
rocarbon- or sulfur hexafluoride-filled microbubble
injection at low acoustic power insonation, since this
mode allows more effective suppression of the echo
intensity of stationary tissues, thereby increasing the
sensitivity to microbubble signals.

After microbubble injection, liver hemangiomas
may also present a persistent hypoechoic appear-
ance due to absence of contrast enhancement
(Fig. 11.13), with or without rim-like peripheral
enhancement. This enhancement pattern is fre-
quently observed in thrombosed, fibrosclerotic, or
hyalinized atypical liver hemangiomas, as proven
using contrast-enhanced CT (BRANCATELLI et al.
2001a). In atypical liver hemangiomas, peripheral
nodular enhancement with centripetal fill-in is
often observed (Fig. 11.14).
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Fig. 11.12a-d. Hemangioma: dotted contrast enhancement. a Baseline US. A hyperechoic homogeneous lesion (arrows) is dem-
onstrated. b—d Contrast-enhanced US. Contrast-specific mode: Contrast Tuned Imaging (Esaote, Genoa, Italy) with low acoustic
power insonation. Dotted contrast enhancement is demonstrated in the arterial (b) and portal (c) phases, while there is an
isoechoic appearance relative to the surrounding liver in the late phase (d).

11.3.2
Focal Nodular Hyperplasia

Epidemiology and histopathologic features. Focal
nodular hyperplasia is the second most common
benign tumor of the liver after liver hemangiomas,
with an incidence of 1-3% (KARHUNEN 1986). Focal
nodular hyperplasia is usually discovered as an
asymptomatic incidental mass in young women who
are undergoing imaging examinations for unrelated
reasons and is multiple in 20% of cases. Focal nodu-
lar hyperplasia is up to eight times more common
in women than in men, typically presents in the
third to fifth decade, and measures less than 5 cm
in size. The association of focal nodular hyperplasia
with contraceptives is not definitely proven, even
though pregnancy and oral contraceptive use can

induce lesion growth. Focal nodular hyperplasia
is probably caused by a hyperplastic response to
a localized vascular abnormality (WANLESS et al.
1985). Although focal nodular hyperplasia deserves
conservative management, it may simulate the
imaging characteristics of some malignant liver
masses; therefore, correct preoperative diagnosis is
essential. Focal nodular hyperplasia presents intra-
tumoral hemorrhage or necrosis in up 