Contrast-enhanced ultrasonography
for the evaluation of malignant
focal liver lesions
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In this review, the authors address the analysis of different types of malignant focal liver lesions
(FLLs) using contrast-enhanced ultrasonography (CEUS). The specific enhancing patterns of
hepatocellular carcinoma, cholangiocarcinoma, and metastases are discussed and exemplified
with images. In addition, the use of CEUS in malignant portal vein thrombosis is discussed. The
advantages and limitations of CEUS for the analysis of malignant FLLs are also discussed.
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Key points: During the contrast-enhanced ultrasonography, malignant focal liver lesions typically

show washout. Early/marked washout is typical of metastasis and late-mild washout most likely

indicates hepatocellular carcinoma. Contrast-enhanced ultrasonography can distinguish bland

from malignant portal vein thrombi.

Introduction

Contrast-enhanced ultrasonography (CEUS) is an imaging modality in which a microbubble contrast
agent is intravenously injected, allowing the characterization of real-time enhancement patterns in
focal liver lesions (FLLs), similarly to contrast-enhanced computed tomography (CT) and contrast-
enhanced magnetic resonance imaging (MRI). Real-time imaging provided by CEUS also has
advantages, including the detection of very early or transient arterial enhancement that may be
missed in other methods such as CT and MRI. In addition, it is important to highlight that CEUS has
virtually no known adverse effects, may be used in patients with impaired renal function, and does
not use ionizing radiation [1,2]. CEUS has also been shown to be a more cost-effective imaging
modality than CT and MRI [1,3-8].

Regarding malignant hepatic lesions, CEUS plays an important role in the detection of metastases,
with an accuracy similar to that of CT [1,9-11]. It also has good sensitivity and specificity
in the evaluation of malignant lesions, such as hepatocellular carcinoma (HCC), intrahepatic
cholangiocellular carcinoma (ICC), and malignant portal vein thrombosis [10,12-14].

The purpose of this paper is to review the assessment of malignant liver lesions using CEUS,
considering the specific imaging characteristics of each type of lesion, and the circumstances in which
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CEUS in malignant liver lesions

CEUS is the imaging modality of choice.

Principles, Techniques, and Concepts of CEUS

Types of Contrast Media

Various contrast agents are available worldwide. Sulfur hexafluoride
microbubbles (SonoVue, Bracco, Milan, Italy) are the most commonly
used, being available in many countries worldwide. Perflutren lipid
microspheres (Definity, Lantheus Medical Imaging, North Billerica,
MA, USA), and perfluorobutane microbubbles (Sonazoid, GE
Healthcare, Oslo, Norway) are also used; the latter is mainly used
in Asia, and has high persistence in the liver, being specific for the
hepatic parenchyma Kupffer phase [2].

SonoVue, the most widely used contrast agent, is composed of
sulfur hexafluoride microbubbles surrounded by a phospholipid
shell. After mixing with saline, a microbubble suspension is obtained,
which is then injected into a peripheral vein as a bolus (generally
2.4 mL, using a 20-gauge catheter and a three-way stopcock),
in a direction close to parallel to the vessel, followed by a saline
injection (10 mL). At the time of injection, images should start to
be recorded, and a timer should be started for later evaluation
and documentation. Sonazoid has similar principles and behavior
as SonoVue, but it is also phagocytized by Kupffer cells, persisting
for several hours in the liver and spleen after its vascular phase,
allowing a "post-vascular phase" [1,2]. The ultrasonography (US)
equipment has a dedicated mode that allows the cancelation of
tissue signals and the formation of microbubble signals. This is
accomplished by using low acoustic pressure (low mechanical
index), minimizing bubble disruption [1,2,15].

Considerations prior to CEUS
Clinical information and patient history are taken into consideration
when interpreting imaging data. The main issues regarding clinical
features are as follows: Is the lesion incidental in a healthy patient
or is the FLL part of a clinical presentation (such as cancer, infectious
diseases, or chronic liver disease)? What is the patient’s current
clinical presentation (fever, nutritional status, blood work findings)?
What previous liver treatments has the patient received (such as
chemoembolization, radiofrequency ablation, or percutaneous
ethanol ablation)? Does the patient have risk factors for HCC (such
as a history of chronic liver disease, cirrhosis, hepatitis, exposure
to hepatotoxic compounds, alcohol consumption, and metabolic
syndrome) and for liver metastases (i.e., known extrahepatic
malignancy, previous chemotherapy/radiotherapy)? Access to prior
exams for comparison (laboratory data and any prior imaging
findings) is also mandatory when performing CEUS.

Evaluations using CEUS should always include B-mode US and
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Doppler US assessments prior to contrast injection. This allows the
operator to gather information regarding liver morphology, the
location of focal lesions, and also to be aware of the best acoustic
windows and patient positions ideal for analysis. In addition, non-
vascular findings such as cysts and calcifications must be identified
prior to contrast injection because they might be misinterpreted as
hypovascular or malignant lesions in post-contrast phases [1].

Phases and Features of Malignancy Detected by CEUS

CEUS allows real-time evaluation of multiple intravascular phases
over several minutes, greatly increasing US accuracy. Indeed, real-
time evaluation is an advantage of CEUS, when compared to
CT and MRI, especially with regard to its sensitivity in detecting
very rapid arterial enhancement. However, the short duration of
arterial enhancement makes the simultaneous assessment of
multiple lesions impracticable. Experienced operators and adequate
technique are mandatory.

Even though the exam occurs in real-time, it may be divided
into three vascular phases and a post-vascular phase (Table 1).
The phases of liver CEUS include the arterial phase, which starts
10-20 seconds and ends 30-45 seconds after contrast injection
and provides information on the degree and pattern of the arterial
vascular supply of an FLL. The portal venous phase, which lasts
from 30-45 seconds to 2 minutes after contrast agent injection, is
characterized by diffuse and maximal enhancement of the normal
liver parenchyma. The late phase lasts until the clearance of the
contrast agent from circulation (usually from 4 to 6 minutes after the
contrast injection). Finally, the post-vascular phase is only observed
with Sonazoid and reflects the uptake of the contrast agent by
phagocytic cells (e.g., Kupffer cells). It starts 8 minutes after the
contrast agent injection and may last for several minutes or even
hours. CEUS enables the vascular architecture and phase-specific
contrast enhancement of the lesion to be seen as compared to the
adjacent liver parenchyma. These are the most important diagnostic
features for the characterization of FLLs [16-18].

An important characteristic of microbubble contrast agents is that

Table 1. Vascular and post-vascular phases in contrast-enhanced
ultrasonography of the liver (visualization post-injection time)

Phase Start (s) End (s)
Arterial 10-20 30-45
Portal venous 30-45 120
Late >120 Bubble disappearance (approx. 4—8 min)
Post-vascular >480 Approx. 30 min

Based on Guidelines and Good Clinical Practice Recommendations for Contrast
Enhanced Ultrasound (CEUS) in the Liver [1].
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they are confined within the vascular space, with the exception of
Sonazoid, while CT and MRI intravenous contrast agents pass over
time into the extravascular space. This allows ultrasound contrast
agents to persist for several minutes in the liver, providing around 5
minutes of scanning time, which is very important for an analysis of
the whole liver, providing good sensitivity for metastasis detection
and washed-out lesions.

FLLs are a relatively common finding in healthy patients. CEUS
may be the test that leads to the initial identification of an FLL, and
it can differentiate benign patterns (such as in hemangiomas) from
indeterminate or malignant patterns [3-6,15,19-33], enabling the
identification of patients who need further investigation or surgery
[33].

It is important to highlight some features that malignant lesions
show in different phases of CEUS:

1. Arterial phase hyperenhancement (APHE): This should not be a
rim-like or peripheral discontinuous globular pattern. The enhanced
portion must be higher in echogenicity than the normal liver in the
arterial phase. Echogenicity should be unequivocally greater in the
entire FLL or in part of the FLL than in the liver. Generally, APHE is
diffuse, although it may be only partially diffuse. Another pattern
type is APHE involving contrast with the rim-type, which may also be
a characteristic of malignant lesions other than HCC.

2. Washout: Washout is represented by a reduction in
enhancement, in whole or in part, of an FLL, relative to the adjacent
liver, beginning in or after the arterial phase. This term applies to any
observation of enhancement, even in the absence of APHE. Washout
can be classified according to onset (early or late) and degree
(marked or mild). Onset is the time after injection (in seconds) at
which lesion washout is first detected relative to the liver. It can be (1)
early: onset detected <60 seconds after contrast agent injection; or
(2) late: onset detected >60 seconds after contrast agent injection.
The washout degree is assessed by comparing the nodule-to-
liver enhancement in the portal venous and late phases. It can be
(1) marked, when the nodule is virtually devoid of enhancement
("punched-out") by 2 minutes after contrast agent injection, or (2)
mild, when the nodule becomes less enhanced than the liver, but
not devoid of enhancement (i.e., some enhancement persists). If
this persistent enhancement disappears after 2 minutes, the degree
of washout is still considered mild, even if the nodule eventually
becomes "punched-out."

Generally, early washout (<60 seconds) is associated with marked
washout (a major feature of malignancy) [16], while late washout
(=60 seconds) tends to be accompanied by mild washout (more
common in HCC). In CEUS, all malignant nodules typically show
washout, including ICC and other fibrotic tumors that have delayed
central enhancement on CT or MRI [34].
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CEUS LI-RADS

Regarding malignant FLLs, it is important to observe the CEUS Liver
Reporting and Data System (LI-RADS) scoring system [16] when
applicable, in which eligible patients are classified in categories that
range from 1 (definitely benign) to 5 (definitely HCC), according to
CEUS characteristics. For example, an FLL is considered definitely
HCC (LI-RADS 5) if the lesion shows APHE (not rim nor peripheral
discontinuous globular) and has late and mild washout. In addition,
there are categories M (probably or definitively malignant but not
HCC-specific) and TIV (definite tumor in vein) (Table 2). For more
information, we recommend the use of the CEUS LI-RADS v2017
Core [16] as a reference.

Metastasis

Metastases are the most common malignant liver lesions and
are much more frequent in the clinic than primary liver tumors. In
patients with known malignancies, their diagnosis is important
for a precise work-up. CEUS greatly increases the sensitivity and
specificity of metastasis detection as compared to CT and MRI for
lesions with a diameter less than or equal to 1 cm [9-11].

It is possible to differentiate metastases from benign lesions with
CEUS. Generally, lesions that show washout in the venous or late
phases should be considered suspicious of malignancy [17,35],
and most metastases show this characteristic [9-11]. Conventional
US has a sensitivity ranging from 50% to 76% for detecting liver
metastases, whereas, according to a meta-analysis including 828
metastases from 18 studies, the overall sensitivity of CEUS for
diagnosis of metastases is 91% (95% confidence interval [Cl], 87%

Table 2. Simplified American College of Radiology CEUS LI-RADS
diagnostic table

APHE
(notﬁnfﬁnotpeﬁpheml
discontinuous globular®)
Nodule size (mm) <20 >20 <10 =10
No washout of any type CEUS LR-3 CEUSLR-3 CEUSLR-3  CEUSLR-4
Late and mild washout CEUSLR-3 CEUSLR-4 CEUSLR-4 CEUSLR-5
Early and/or marked ~ CEUS LR-M CEUS LR-M  CEUSLR-M  CEUS LR-M
washout
Based on the CEUS LI-RADS recommendations of the American College of Radiology
[16].

CEUS LR-M criteria: any of following: rim APHE or early (<60 seconds) washout or
marked washout.

CEUS, contrast-enhanced ultrasonography; LI-RADS, Liver Imaging Reporting and
Data System; APHE, arterial phase hyperenhancement.

“Rim APHE indicates CEUS LR-M. ®Peripheral discontinuous globular indicates
hemangioma (CEUS LR-1)

No APHE
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to 95%) [8]. As mentioned before, US contrast agents persist for
several minutes in the liver, providing sufficient time to scan the
whole liver and good sensitivity for metastasis detection.

The imaging characteristics of CEUS are similar to those of
contrast-enhanced CT and MRI, mainly enabling the detection of
hypovascular lesions. During the arterial phase of CEUS imaging,
metastases may present tenuous and peripheral enhancement. This
occurs due to the preponderant arterial supply to these lesions.
In later phases, metastases are hypoechoic in relation to the
surrounding parenchyma, which greatly enhances their detection.

C

Fig. 1. Metastasis of neuroendocrine tumor in a 65-year-old man.

ULTRASONOGRAPHY

This may occur due to the lower portal supply to these lesions or
the lower blood volume of metastases, as compared to that of the
normal liver parenchyma [11].

The major criteria for characterization of metastases by CEUS are
as follows:

Rim APHE: This refers to a spatially-defined subtype of APHE, in
which the arterial phase enhancement is most pronounced in the
nodule periphery, forming a contrast halo around it (Fig. 1)

Early washout (<60 seconds): Early washout is a temporally
defined subtype of washout, in which the onset occurs within 60

A. Pre—contrast phase shows hyperechoic nodule by B-mode ultrasonography, measuring 3.6x3.2 ¢cm in segment VIIl. B-D. After the
injection of the contrast agent (B), rim-type arterial hyperenhancement and early washout (less 1 minute) are demonstrated during the portal

(C) and late phase (D).

e-ultrasonography.org
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seconds after contrast injection. It is also usually marked in degree  after contrast injection. The metastases appear black or punched out
(Fig. 2). (Figs. 3, 4).

Marked washout: This category denotes a degree-defined subtype
of washout, in which there is marked washout within 2 minutes

Fig. 2. Metastasis of rectal adenocarcinoma in a 55-year-old man
showing ill-defined B-mode isoechoic nodules, distributed in the
liver parenchyma.

A. Pre-contrast-enhanced ultrasonography is shown. B-E. After
the injection of contrast agent, 0.14 minutes, 0.21 minutes,
0.48 minutes and 4.28 minutes post contrast injection), several
nodules (and additional nodules) are observed with arterial
hyperenhancement and rapid washout (portal and late phase).
B, C. Early arterial phase (14 seconds and 21 seconds) shows
hyperenhancement that starts in nodule periphery and progresses to
total highlighting of the nodule (C); early washout at 48 seconds, in
the portal venous phase, defines better the multiple nodules in the
liver parenchima (D); late phase shows intense washout, with best
nodules definition (E).
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Fig. 3. Neuroendocrine pancreatic tumor metastasis in 70-year-old woman.

A. Conventional B-mode ultrasonography pre-contrast-enhanced ultrasonography (CEUS), shows nodule in segment VI, hypoechoic,
irregular, measuring about 2.8x2.1x1.5 cm. The CEUS evaluation of the nodule (B-F) shows arterial enhancement (C, D) and early and
marked washout in the portal phase (E, F).
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Before contrast injection

Arterial phase: rim APHE Losia

ve,

Arterial phase: initial washout

E

Fig. 4. A 52-year-old man with past history of medullary thyroid carcinoma and liver metastasis.

Notice a hypoechoic nodule by B-mode ultrasonography (delimited by calipers in A [axial oblique plane] and B [longitudinal plane]),
measuring 1.1x1.1x0.9 cm in segment VII. After contrast-enhanced ultrasonography, the nodule presents peripheral arterial
hyperenhancement (rim arterial phase hyperenhancement, arrow in C), hyperenhancement (D), and early washout (still in the arterial phase,
before the portal and late phase) (E, F). The arrows point to the same nodule (C-F) evaluation over time after contrast injection.
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Portal phase

Late phase

Hepatocellular Carcinoma

HCC is the most common primary liver malignancy in patients with
liver cirrhosis (even though they may be unaware of this condition),
although the enhancement patterns of HCC are similar regardless
of whether the patient has cirrhosis. It is worth mentioning that
in the non-cirrhotic liver, HCC tends to be larger at the time of
cancer diagnosis and the lesions are usually hyperenhanced in
the arterial phase, typically with a chaotic vascular pattern and
variable isoenhancement or hypoenhancement in the portal venous
and late phases. Hyperenhancement in the arterial phase is often
homogeneous, but starts predominantly along the periphery [1].
Conventional US plays an important role in surveillance programs
in patients with cirrhosis, allowing the early detection of FLLs,
but it is very nonspecific. CEUS increases the specificity of HCC
characterization, and increases the sensitivity of FLL diagnosis. A

e-ultrasonography.org
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Fig. 4. The portal venous phase after CEUS can be seen (G, H) and
the late phase is characterized 3.41 minutes after contrast injection
(I). With contrast-enhanced ultrasonography, it is possible to identify
several small nodules (pointed out with arrows) distributed in
the liver with early washout. After the portal phase, it is possible
to observe additional nodules not seen in the conventional base
ultrasound.

meta-analysis 19 studies with 1,333 HCCs showed a sensitivity of
88% (95% Cl, 84% to 92%) [8].

Typically, the nodule enhances during the arterial phase and then
washes out during the following phases, becoming hypoechoic
compared to the rest of the liver. This occurs because the blood
supply to the HCC mainly originates from arterial branches.

The key features for the diagnosis of HCC in liver cirrhosis,
which are used by the LI-RADS scoring system, are APHE (neither
rim-like nor peripheral discontinuous globular), followed by late-
onset washout (>60 seconds after injection) and mild washout
[16,34,36-39]. This pattern of washout in HCC is seen in more than
97% of cases according to a large retrospective series [40]. Arterial
hyperenhancement is usually homogeneous and intense in HCC, but
may be heterogeneous in larger nodules (>5 cm) that are necrotic
or have mosaic architecture.

Rim enhancement is atypical for HCC. Washout is observed overall

Ultrasonography 41(1), January 2022 1
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in about half of HCC cases, but rarely in small nodules (20%-
30% in those 1-2 cm, 40%-60% in those 2-3 cm) [41-43].
Washout is observed more frequently in HCCs with poorer grades
of differentiation than in well-differentiated HCCs, which tend to be
isoenhancing in the late phase [43-46].

Hypoenhancement in the late phase is usually less marked in HCC
than in other tumor types [43,47]. Furthermore, washout tends to
start later in HCCs, usually not before 60 seconds after injection
[43,47] and appearing only after 180 seconds in up to 25% of cases
[43,47]; consequently, it is important to observe nodules in cirrhotic
cases for a long period (>4 minutes) (Figs. 5, 6). Early washout (<60
seconds) occurs in poorly differentiated HCC or suggests a non-
hepatocellular malignancy [43,45-47], most often an intrahepatic
ICC [16].

The use of a low mechanical index is important in order to
maintain sufficient signal intensity to allow contrast persistence
until the very late phase (beyond 3-4 minutes), which is crucial for
detecting washout and establishing a diagnosis of HCC [17].

Intrahepatic Cholangiocellular Carcinoma

ICC is the second most common primary malignant liver
tumor. Unlike its characteristics on CT and MRI, it may show
hyperenhancement during the arterial phase of CEUS, and may
also show washout in late phases (Figs. 7, 8). It may be difficult to
differentiate ICC from HCC.

There is no consensus regarding the differential diagnosis of
HCC and ICC by CEUS. Compared to HCC, ICC shows less intense
enhancement in the arterial phase and shows early (<60 seconds)

Table 4. Main enhancement patterns of malignant focal liver lesions

Maria Cristina Chammas, et al.

and marked washout compared to the typically late and mild
washout in HCC [48].

Table 3 shows the role of washout onset and degree in the
characterization of malignant FLLs by CEUS [16].

According to CEUS LI-RADS v2017, nodules with late and mild
washout may be categorized as CEUS LR-3, LR-4, or LR-5. Nodules
with early or marked washout should be categorized as LR-M [16].

Table 4 shows the main enhancement patterns of malignant FLLs.

Malignant Portal Vein Thrombosis

Malignant portal vein thrombosis occurs due to neoplastic
infiltration of the portal vein by tumor cells and is most commonly
seen in HCC. It may be difficult to differentiate from non-malignant

Table 3. Washout onset and degree in the characterization of
malignant focal liver lesions by CEUS

Washout onset

Washout degree Early (<60 s) Late (=60 s)
Marked Typical of ICCand Suggests malignancy in
metastases general, not specific for any
particular type
Mild Suggests malignancy in ~ Typical of HCC and HCC

general, not specific for any precursor nodules
particular type

Based on the CEUS LI-RADS recommendations of the American College of Radiology
[16].

CEUS, contrast-enhanced ultrasonography; ICC, intrahepatic cholangiocellular
carcinoma; HCC, hepatocellular carcinoma; LI-RADS, Liver Reporting and Data
System.

Tumor Arterial phase (10-30s)

Portal venous phase (20—120s)

Late phase (120—-300s)  Post-vascular phase (>10 min)

Metastasis

Typical features Rim enhancement Hypoenhancing

Hyperenhancement -

Nonenhancing regions =

Hepatocellular carcinoma

Typical features Hyperenhancing Iso-enhancing

Additional features Nonenhancing regions
Cholangiocarcinoma

Typical features Rim-like hyperenhancement, Hypoenhancing

central hypoenhancement

Additional features Nonenhancing regions

Inhomogeneous -

hyperenhancement

Nonenhancing regions

Nonenhancing regions

Hypo/nonenhancing Hypo/nonenhancing

Hypo/nonenhancing Hypo/nonenhancing

Nonenhancing regions Nonenhancing regions

Hypo/nonenhancing Hypo/nonenhancing

Nonenhancing regions Nonenhancing regions

Based on the Guidelines and Good Clinical Practice Recommendations for Contrast Enhanced Ultrasound (CEUS) in the Liver [1].

12 Ultrasonography 41(1), January 2022
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Fig. 5. A 67-year-old man with chronic liver disease and
hepatocellular carcinoma.

A. B-mode ultrasonography indicates a hypoechoic nodule with
well-defined limits. Note the presence of serrated ascites and liver
contour. B—E. After contrast agent injection, contrast enhancement
starts from the nodule periphery (B) and progresses centripetally (C)
during the arterial phase. It is possible to observe a mild washout
after 1 minute (D) during the portal venous phase. Mild and late
washout (E) is compatible with the CEUS Liver Reporting and Data
System 5 (CEUS- LI-RADS 5).

e-ultrasonography.org Ultrasonography 41(1), January 2022 13
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C D

Fig. 6. A 53-year-old man with chronic liver disease and hepatocellular carcinoma.

A. B-mode ultrasonography shows a well-defined hypoechoic nodule in the chronic liver disease before contrast-enhanced ultrasonography
(CEUS) evaluation. B, C. The arterial phase of CEUS shows nodule enhancement 20 seconds after contrast agent injection. D. In the portal
phase, an enhanced nodule appears and, after 1 minute, shows mild washout (mild and late washout). This pattern is compatible with the
CEUS Liver Reporting and Data System 5.

(bland) portal vein thrombosis if no intravascular contrast medium  assessment by showing arterial enhancement inside the thrombus
is used. The flow inside the thrombi can sometimes be detected  [49].
by Doppler US, but CEUS provides additional sensitivity in this Acute bland thrombi are typically avascular and appear as a
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Color Doppler US

F
Fig. 7. A 63-year-old man, with intrahepatic cholangiocellular carcinoma.
This is an example of Klatskin tumor, central subtype. A. B-mode ultrasonography (US) shows dilated bile ducts, and a "stop” at the level
of the hepatic ducts (bifurcation), with a badly defined mass. This is called an invisible tumor in ultrasonography. B. On color Doppler
ultrasonography, it is easy to observe the dilated bile ducts versus blood vessels. C-F. Contrast-enhanced ultrasonography (CEUS) evaluation
shows a nodule measuring 4.7x3.2 cm, presenting arterial enhancement with early and marked washout, which becomes more pronounced
in the late phase. The nodule, measuring 4.7x3.2 cm, shows arterial enhancement with early and marked washout.

e-ultrasonography.org Ultrasonography 41(1), January 2022 15
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Color_ Doppler US

— 'j v

E

Fig. 8. A 56-year-old man, diagnosed with intrahepatic cholangiocellular carcinoma, peripheral subtype.

A, B. B-mode ultrasonography (US) shows an irreqular and partially-defined hypoechoic nodule, measuring about 7.6x6.3x5.6 cm, located
in segment IV. C. Color Doppler ultrasonography shows predominantly peripheral vascularization. D, E. Arterial phase: After contrast-
enhanced ultrasonography, arterial enhancement is observed. F-H. Washout starts at 1 minute (F), and marked washout is observed in the
portal phase (G), which becomes more pronounced in the late phases (H).
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Portal phase: washout _

S

void within the enhanced liver in all phases of CEUS, although
they are best visualized during the portal venous phase. A “tumor
in the vein" (TIV) has the same enhancement characteristics as
the tumor from which it originated, including rapid arterial phase
hyperenhancement and washout [49-56].

ATIV is considered to be present when unequivocal enhancing
soft tissue is found in the vein, regardless of the visualization of
a parenchymal mass. The arrival time of the microbubble contrast
agent to the vein helps to differentiate TIV from partially occlusive/
recanalized bland thrombi:

- Early arrival (almost at the same time as hepatic artery
opacification) favors TIV.

- Arrival several seconds (approximately 10 seconds) after hepatic
artery opacification favors portal flow upstream from non-occlusive/
re-canalized bland thrombi [16].

CEUS has been reported to show high sensitivity and specificity
(90.9% and 100%, respectively) in detecting malignant portal

e-ultrasonography.org
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Late phase

Fig. 8. I. It was possible to observe another satellite nodule
(surrounded by calipers) in the late phase.

vein thrombosis (PVT) [16]. The reason for this is that CEUS makes
the detection of blood flow in the thrombus site easier, which also
facilitates spectral Doppler waveform analysis in these cases.

Given that CEUS allows the detection of increased blood flow in
PVT, it is possible to differentiate benign and malignant PVT based
on both arterial phase enhancement and spectral waveform analysis.
Arterial phase enhancement and arterial waveforms are associated
with malignant PVT, while portal phase enhancement and venous
wave forms occur with benign PVT [49] (Fig. 9).

Blood flow can also be used, with the same reasoning, to assess
thrombosis due to tumor invasion of other veins, such as portal
vein branches, hepatic veins, and the inferior vena cava, which is
important in tumor staging (Fig. 10). CEUS optimizes this evaluation
by increasing sensitivity in the detection of arterial flow within veins
with thrombi.
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CEUS for Monitoring Tumor Treatment

CEUS can be used to monitor FLL treatment, for treatment guidance
in the pre-treatment evaluation of the ablation target, as well as
in the peri-procedural assessment of treatment results [57,58].
The pre-treatment evaluation includes an assessment of ablation
target size, vascularization, and tumor margins. CEUS fusion
imaging, CEUS-guided technology, and the possibility of real-time
assessment are of pivotal importance in the ablative treatment
of undetected or inconspicuous target lesions by unenhanced US
[59-62]. CEUS performed 10-15 minutes after ablation treatment
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Fig. 9. Malignant thrombosis of the portal vein.

A. Pre-contrast spectral Doppler analysis shows only venous pattern
(portal) flow in the thrombosed segment of the portal vein. B. After
contrast-enhanced ultrasonography, the spectral Doppler analysis
shows intra-thrombus arterial flow. Microbubble agents render
intra-thrombus blood flow more evident in both spectral and color
Doppler modes. C. It is possible to observe a flow pattern in the
common hepatic artery. Note that the pattern seen in the hepatic
artery is quite different (high resistivity) from that of the tumoral
thrombus (lower resistivity). When we find arterial flow in a vein,
we can close the diagnosis of tumor thrombosis or “tumor in vein."
PSV, peak systolic velocity; EDV, end-diastolic velocity; RI, resistive
index.

enables an evaluation of therapeutic efficacy and detection of any
viable residual tumor, which allows instantaneous CEUS-guided
re-ablation as part of the same procedure if required. Therefore,
CEUS is a reliable method of evaluating the ablation margin and
detecting tumor recurrence, potentially reducing the number of
CT examinations needed during follow-up. Regular CEUS follow-
up weeks to months after ablation can detect local recurrence and
new lesions (Figs. 11, 12). In the early post-ablation evaluation
(within the first 30 days), a thin, uniform, and enhanced hyperemic
rim is visible along the periphery of the necrotic region, similar to
the findings on contrast-enhanced CT. Care must be taken not to
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confuse this with recurrence.

There are several possibilities of treatment, alone or in
combination, that can improve patients’ outcomes. These depend on
the HCC staging and the clinical conditions of the patient. CEUS can
assist in the evaluation of the success of localized treatments, such
as chemoembolization and ethanol ablation of the lesion.

Conclusion

CEUS plays an important role in the diagnosis of FLLs, with
well-established standards for malignant liver lesions. The main
characteristic is washout in the portal and/or late phases, usually
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Fig. 10. Contrast-enhanced ultrasonography (CEUS) analysis of
malignant thrombosis in the portal and hepatic veins.

A, B. Color Doppler indicates that there is vascularization between
the partial thrombi of the right portal branch. C. Spectral Doppler
demonstrates arterial flow in the thrombus after CEUS. The lower
right panel shows arterial flow inside the right hepatic vein after
CEUS. PSY, peak systolic velocity; EDV, end-diastolic velocity; RI,
resistive index.

preceded by hyperenhancement in the arterial phase. CEUS improves
metastasis detection and has good sensitivity and specificity in
evaluating malignant lesions, such as HCC, ICC, and malignant PVT.

CEUS has some advantages when compared to CT and MR, such
as high temporal resolution, virtually no known adverse effects,
being ionizing radiation-free, and the possibility of use in patients
with impaired renal function, making this method an important
alternative when contrast agents of other imaging techniques are
contraindicated. It may also be an option for patients who cannot
undergo general anesthesia and for patients for whom bedside US
is the only feasible option.
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Fig. 11. A 65-year-old man, referred for evaluation after
chemoembolization.

In B-mode ultrasonography, pre-contrast (A, B), a hypoechoic nodule
with irregular borders is observed, measuring about 3.0x2.8 cm. The
contrast-enhanced ultrasonography evaluation shows the presence
of arterial hyperenhancement in the wall nodule, which starts in
the arterial phase (C, D) indicating the presence of viable tumors,
most evident in the portal phase (E) within the treated nodule. This
indicates the need to complement the treatment with a new ablative
procedure,
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Fig. 12. A 72-year-old man, referred for post-treatment evaluation (three sessions) by chemoembolization.

In pre-contrast B-mode ultrasonography (A, B, two planes), a hypoechoic nodule is observed in segment VI/VII, with regular contours, with
dense peripheral spots, measuring about 7.5x5.0 cm. The contrast-enhanced ultrasonography evaluation shows the absence of arterial
contrast (C, D), more evident in the portal (E) and late phases (F), indicating the absence of a viable tumor in the treated nodule. This shows
that the treatment was successful.
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