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Summary

Focal liver lesions are common, with a prevalence up to
20%. The lesions must be evaluated in context of risk
factors associated with malignancy. Risk factors include
age >40 years, known current or past malignancy, pres-
ence of liver cirrhosis or chronic liver disease (i.e. sus-
pected by elevated liver elastography measurement =8
kPa or FIB-4 score 21.3), unintentional weight loss, fever
or night sweats, newly detected focal liver lesions, docu-
mented growth of focal liver lesions, current or past use of
androgens (e.g. testosterone, oxymetholone, danazol),
increased serum tumour markers (i.e. alpha-fetoprotein,
carbohydrate antigen 19-9 [CA19-9], carcinoembryonic
antigen [CEA]) and family history of malignancy.

In patients without risk factors of malignancy, regional
(non-)fatty changes, simple liver cysts and typical
haemangiomas can be diagnosed by conventional ultra-
sound (without contrast). Conventional ultrasound Doppler
is recommended to rule out vascular malformations
such as portosystemic shunts.

In all other cases of focal liver lesions, contrast-enhanced
imaging is indicated for differentiation in benign and malig-
nant dignity.

Contrast-enhanced ultrasound (CEUS) as a first diagnos-
tic step and contrast-enhanced magnetic resonance imag-
ing (MRBre accurate tests to diagnose haemangioma
and focal nodular hyperplasia.

Hepatocellular adenoma is diagnosed by contrast-en-
hanced MRI and/or histology.

“Wash out” on CEUS is highly suspicious for a malignant
focal liver lesion. Additional investigations aimed at identi-
fying the primary tumour, as well as staging-computed to-
mography, MRIand/or histology may be necessary and
should be decided on a case-by-case basis.

A biopsy of focal liver lesions is indicated in cases of un-
clear dignity, malignant aspect and focal liver lesions of
unclear origin as well as for guiding surgical and oncologi-
cal management.

Introduction

This document represents the first version of the Swiss As-
sociation for the Study of the Liver (SASL) Expert Opin-
ion Statement for the assessment of focal liver lesions in
non-cirrhotic liver. Recommendations are based on the re-
sults of original studies and selected reviews, the Euro-
pean Association for the Study of the Liver (EASL) Clini-
cal Practice Guidelines on the management of benign liver
tumours and cystic liver diseases (www.easl.eu) [1, 2], the
European Federation of Societies for Ultrasound in Medi-
cine and Biology (EFSUMB) (http://www.efsumb.org) and
the World Federation For Ultrasound in Medicine and Bi-
ology (WFUMB) (https://wfumb.info/guidelines) guide-
lines and good clinical practice recommendations for con-
trast enhanced ultrasound (CEUS) in the liver [3, 4], as
well as the American College of Radiology (ACR) appro-
priateness criteria for initial liver lesion characterisation
[5]. Sonographic evaluation of the liver is an integral part
of the training of Swiss gastroenterologists and hepatolo-
gists; therefore, this expert opinion statement will empha-
sise the application of conventional and CEUS in focal liv-
er lesions.

Focal liver lesions are often diagnosed in asymptomatic
and symptomatic patients as incidental lesions (inciden-
taloma) or as suspected liver tumours. Widespread imaging
of the liver is performed by ultrasound (US), CEUS, con-
trast-enhanced computer tomography (CT) and magnetic
resonance imaging (MRI). In general, the use of diagnostic
imaging has increased significantly and has contributed to
rising healthcare costs [6]. These recommendations for the
workup of focal liver lesions aim at state-of-the-art and
cost-efficient diagnostic work up, as well as reducing non-
indicated imaging with ionising radiation and futile biop-
sies. This document focusses on the evaluation of focal
liver lesions in the non-cirrhotic liver. The management
of focal liver lesions in cirrhotic liver is not discussed in
this document and is covered partially in the SASL expert
opinion statement on hepatocellular carcinoma [7].
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Background

Risk classification of patients presenting with focal liv-
er lesions

Focal liver lesions are common, with a prevalence of
5-18% in imaging series [8, 9] and 20% in autopsy series
[10]. Most focal liver lesions are of a benign nature (i.e.
liver cysts, hepatic haemangioma, focal nodular hyperpla-
sia, focal (non-)steatosis) and do not require biopsy, treat-
ment or follow-up. However, it is crucial to identify pre-
malignant as well as malignant focal liver lesions early and
reliably to offer appropriate treatment, such as curative re-
section or ablation. The a priori probability of malignant
nature of focal liver lesions is dependent on the clinical
context (i.e. presence of chronic liver disease with in-
creased risk of hepatocellular carcinoma and cholangiocar-
cinoma) and the patient’s medical history (i.e. current or
previous malignancy with increased risk of liver metasta-
sis). After obtaining a detailed patient history and a phys-
ical examination, patients with focal liver lesions should
be assessed for the presence of risk factors associated with
malignancy (table 1) [11]. In addition, certain drugs are as-
sociated with lesions such as hepatocellular adenoma (e.g.
oral contraceptives, androgens) and hepatocellular carcino-
ma (e.g. androgens). Depending on the clinical context, as-
sessment of serum tumour markers, such as alpha-fetopro-
tein (AFP) in hepatocellular carcinoma, carcinoembryonic
antigen (CEA) in liver metastasis and carbohydrate antigen
(CA) 19-9 with CEA in cholangiocarcinoma, can be help-
ful (i.e. chronic hepatitis B, also non-alcoholic steatohep-
atitis [MAFLD] / non-alcoholic steatohepatitis [NASH]
without cirrhosis or patients with a history of a previous
malignancy such as germ-cell tumour).

Bacterial and parasitic infections also should be considered
when evaluating focal liver lesions. The presence of fever,
night sweats, leukocytosis or elevated C-reactive protein
can be suggestive of a liver abscess. Complex cystic le-
sions and calcifications can be findings related to
echinococcosis, which require serological testing.

In combination with the following imaging characteristics
and/or histology, accurate diagnosis is possible in almost
all focal liver lesions.

Table 1:
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Imaging modalities

Focal liver lesions should be documented regarding their
number, size, shape, localisation and probable mass effect
on the surrounding liver parenchyma, vasculature and bile
ducts. Depending on the imaging modality and the use of
contrast agents, further characteristics of a lesion, such as
echogenicity, homogeneous or heterogeneous aspect and
perfusion patterns in relation to the surrounding liver
parenchyma (i.e. arterial enhancement and venous
washout), are crucial for the differential diagnosis and
must be documented.

Conventional ultrasound

Conventional ultrasound is the most frequently used first
imaging modality of the liver. In one of the largest studies
performed, the prevalence of benign focal liver lesions
in 45,319 hospitalised patients was 15.1%, with 6.3% ac-
counting for focal fatty sparing, 5.8% cysts, 3.3% haeman-
gioma, 0.2% focal nodular hyperplasia and 0.04% hepato-
cellular adenoma [12]. In patients with focal liver lesions
of unclear dignity, particularly in patients with risk factors
(table 1), further contrast-enhanced imaging is needed.
Conventional ultrasound should always include a Doppler
to rule out an intrahepatic or extrahepatic congenital por-
tosystemic shunt. Nodules in an otherwise healthy liver are
known to be a common mode of presentation of these vas-
cular malformations [13].

Contrast-enhanced ultrasound (CEUS)

Contrast-enhanced ultrasound (CEUS) is a cost-effective
imaging modality that avoids ionising radiation and takes
advantage of a non-nephrotoxic contrast agent with an ex-
cellent safety profile (table 2).

A contrast agent is intravenously injected (i.e. SonoVue®),
and the focal liver lesion is studied for contrast enhance-
ment and/or washout in comparison to the surrounding liv-
er parenchyma (figure 1 and 2, table 3). A detailed descrip-
tion of the technical aspects and clinical performance of
CEUS has been published [14]. In comparison to CT and
MRI the CEUS contrast agent is a pure blood pool agent
which remains strictly intravascular whereas the majority
of contrast agents for CT and MRI show a late distribution

Risk factors for potential malignancy of focal liver lesions (modified ac- Table 2:, . . »

cording to [11]). Comparison of contrast-enhanced imaging modalities.

Age >40 years CEUS CT MRI

Known current or past malignancy 2;\{;:2 anaphylactoid re- |0.01% 0.04% 0.01%
Presencg of Iiyer cirrhosig or chronic liver disease (especially in ad- Paravasation No compli- | Complication | Complication
vanced fibrosis (pathological elastography (=8 kPa) or FIB-4 score .

21.3), chronic hepatitis B virus infection, MAFLD/NASH, haemochro- cation

matosis) Thyroid affection No Rare No
Unintentional weight loss, fever or night sweats Kidney affection No Possible No

Newly (especially if not documented on previous imaging) detected lonising radiation No Yes No

focal liver lesion(s) Costs <300 CHF {700 CHF 900 CHF
Documented growth of focal liver lesion(s) Accuracy CEUS = CEUS, MRI |MRI = CEUS
Current or past use of androgens (e.g. testosterone, oxymetholone, MRI >CT

danazol) Diagnostic delay after ul- |No Yes Yes
Increased serum tumour markers (e.g. alpha-fetoprotein, CA19-9, trasound

CEA) Examination time (netto) |5 min. 4 min. 35 min.
Family history of malignancy Contrast volume applica- |1-2.5 ml 100-120 ml |10-20 ml
CA19-9: carbohydrate antigen 19-9; CEA: carcinoembryonic antigen; tion

MAFLD: metabolic associated fatty liver disease; NASH: non-alcoholic Examination conditions Variable Excellent Excellent
steatohepatitis Interobserver variation Strong Low Low
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Table 3:
Contrast enhanced ultrasound: contrast phases after intravenous in-
jection of Sonovue®.

Contrast phases Start (seconds End (seconds
p.i.) p.i.)

Arterial phase(AP) 10-20 30-40

Portal venous phase 30-45 120

(PVP)

Late venous phase (LVP) |>120 Up to 360-480

of the contrast agent from the blood pool into the extravas-
cular space. CEUS can evaluate focal liver lesions in real
time and in higher temporal resolution than other imaging
modalities [3, 15—17]. Appropriate experience of the oper-
ator is required for CEUS performance and interpretation.

Obesity, meteorism and subdiaphragmal localisation of fo-
cal liver lesions can significantly limit CEUS performance.
As an imaging modality in pregnant patients, CEUS has
been studied in case control studies [18, 19]. However, the
contrast agent Sonovue® is not currently approved in preg-
nant patients (off label use also in children); thus, MRI
without a contrast agent is the preferred imaging modality.

Computed tomography

Utilising X-rays, CT is the most commonly used cross-sec-
tional imaging tool. Organs can be depicted without su-
perpositions on multidetector spiral-CT scanners by cap-
turing entire volumes during a single breath hold. When
performed for the evaluation of liver lesions, a CT protocol
must include at least two phases for assessing the dynamic
enhancement pattern. These phases include the hepatic ar-
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terial phase (30-40 s post injection) and the portal venous
phase (50-90 s post injectionem). In addition, an initial un-
enhanced scan and a delayed phase (3—10 min post injec-
tionem) can be acquired. The use of iodinated intravenous
contrast increases soft tissue contrast and is an essential
component of detection and characterisation of focal liver
lesions. A disadvantage of CT is the limitation for the use
of intravenous contrast in patients with reduced renal func-
tion or prior allergic reaction to the contrast agent.

Magnetic resonance imaging

Due to its superior soft-tissue contrast, MRI offers some
advantages compared to CT for detection and characterisa-
tion of focal liver lesions in particular in patients with liv-
er cirrhosis [20]. Multiphasic dynamic imaging using non-
specific (extracellular) or liver-specific (hepatobiliary)
gadolinium-based contrast agents allows for a definitive
diagnosis in most cases avoiding invasive procedures such
as liver biopsy. The liver-specific hepatobiliary contrast
agents (e.g. gadobenate dimeglumine, gadolinum-BOPTA,
gadoxetic acid, gadolinum-EOB-DTPA), are eliminated
through both renal and hepatic excretion pathways and
therefore provide both early perfusion information and lat-
er hepatocyte-selective information [21]. The major advan-
tage of gadolinum-EOB-DTPA over gadolinum-BOPTA is
the earlier time point for imaging the hepatobiliary phase
(20 min after injection vs. 90 min to 120 min). However,
with gadolinum-BOPTA there is the possibility to analyze
delayed phase equilibrium images, while this is not possi-
ble with gadolinum-EOB-DTPA due to the rapid uptake by

and/or 6 months or cMRI.
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Figure 1: Proposed diagnostic algorithm for work-up of focal liver lesions.

cCT: contrast-enhanced computed tomography; cMRI: contrast-enhanced magnetic resonance imaging; FLL: focal liver lesion; FNH: focal
nodular hyperplasia; HCA: hepatocellular adenoma; HCC: hepatocellular carcinoma; CCC: cholangiocellular carcinoma.

"Including also pathological liver elastography =8 kPa or FIB-4 score 21.3.

2 CEUS with unclear finding and with risk factors or multiple lesions — cMRI; CEUS with unclear finding and no risk factors — Follow up 3

3 cMRI preferred; cCT for patients with claustrophobia, inability to hold breath and MRI contraindications.
4 Abscess (due to inflam-mation/hyperaemia) and acute hematoma (by compressing portal veins) show peripheral contrast enhancement.
5 Necrotic metastases often have a peripheral contrast enhancement due to vascularisation and can be detected more accurately by CEUS.
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the hepatocytes as early as 2 minutes after injection (tran-
sitional phase). Thanks to advances to shorten scan time,
reduced breath-holding capacity is becoming less of an is-
sue for MRI. Patients with cardiac pacemakers, neurostim-
ulators or metallic foreign bodies still have limited access
to MRI.

Types and imaging characteristics of focal liver
lesions

Focal steatosis and focal fatty sparing

The most common focal liver lesions are either areas with
increased (focal steatosis) or decreased steatosis (focal
non-steatosis). Focal fatty-sparing areas are typically locat-
ed in the gallbladder fossa, the periportal region and the
segment of the ligamentum falciforme (figure 3A). Simi-
lar locations are observed for focal infiltrations of steatosis

Swiss Med WKkly. 2023;153:40099

(figure 3D-F) [22, 23]. These lesions have typically a land-
scape-shaped appearance but can also mimic solid tumours
(so-called pseudotumour). The lesions can be diffuse, focal
or multifocal and are often located either in the perivas-
cular or subcapsular regions [24]. Conventional ultrasound
imaging with typical landscape-shaped findings in typical
above-mentioned localisation without mass effect on ves-
sels can easily diagnose these pseudolesions (hypoechoic
in fatty-sparing and hyperechoic in the focal infiltration of
fat) [23, 24]. In cases of atypical appearance and localisa-
tion (figures 3E, 3F), particularly in patients with risk fac-
tors (table 1), CEUS is accurate in most cases [3]. Perfu-
sion of such lesions is isoechoic (figure 3C) in comparison
to the surrounding liver tissue and neither hyperenhance-
ment nor washout can be documented on CEUS imaging.
In unclear situations contrast-enhanced CT or MRI should
be used as next non-invasive imaging modality [22-25].

liver tissue.
2. CEUS in liver cyst: lack of contrast enhancement in all phases.

perfused) scar.

Figure 2a: Schematic CEUS enhancement patterns of selected benign focal liver lesions.
1. CEUS in regional fatty sparing and focal steatosis of the liver: Homogenous contrast enhancement in all phases similar to the surrounding

3. CEUS in echinoccocal cyst: lack of contrast enhancement in all phases and possible additional calcifications.

4. CEUS in hepatic abscess: arterial phase with well delineated avascular/necrotic area with surrounding hyperenhancement (hyperaemia).
5. CEUS in hemangioma: Peripheal nodular arterial contrast enhancement with (slow or fast) centripetal contrast enhancement. Complete or
incomplete filing in the portal-venous or late venous phase. Hyper- or isoenhanced in the late venous phase.

6. CEUS in focal nodular hyperplasia: centrifugal rapid arterial contrast enhancement (also called “spoke wheel pattern”) or decentral arterial
contrast enhancement. Portal-venous phase and late-venous phase with hyper- or isoenhancement, occasionally with visible central (non-
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On CT, steatosis will result in decreased (hypodense) at-
tenuation on non-contrast scans, with normal liver attenua-
tion of 50-57 Hounsfield unit (HU) remaining. The attenu-
ation will remain hypodense compared to normal liver and
the spleen during the portal venous phase at about 70 sec-
onds. However, MRI should be used as the next non-inva-
sive imaging modality in unclear cases due to its superior
ability to detect fat after conventional ultrasound / CEUS
(figure 4). MRI can demonstrate microscopic fat content

Figure 2b: Schematic CEUS enhancement patterns of selected malignant focal liver lesions.
7. CEUS in hypervascular, hypovascular and avascular in liver metastases with early wash-out.
8. CEUS in hypervascular or hypovascular hepatocellular carcinoma with late wash-out.

Swiss Med Wkly. 2023;153:40099

resulting in signal intensity drop from in-phase to opposed-
phase imaging. MRI even allows to quantify the fat content
[26].

Liver cysts

The prevalence of liver cysts ranges from 2.5% to 18%
with a diameter from <1 cm up to 30 cm. Liver cysts
should be differentiated in simple and complex cysts as
well as infectious and non-infectious cysts [9, 27].

Malignant Arterial phase Portal-venous phase Late-venous phase
D Hyperenhancement
Wash-out Marked wash-out
Rim hyperenhancement
. .7

Liver metastasis
- Hypoenhancement
- No enhancement
D Hyperenhancement

8 -

HCC Marked wash-out

Hypoenhancement with Isoenhancement Weak wash-out
Weak/late wash-out

Figure 3: Regional fatty sparing and focal steatosis on ultrasound and CEUS. A Focal sparing periportal in a fatty liver on US. B Focal sparing
subcapsular on US C without wash-out (= isoenhancing) in the late venous phase. D Focal steatosis in a female patient. E Focal inhomoge-
neous steatosis in a young patient with cystic fibrosis. F Focal steatosis in a young female patient.
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Figure 4: Regional fatty sparing and focal steatosis on MRI. A MRI T1 weighted image of a case with focal sparing (arrow) of steatosis in the
porta hepatis with B signal drop in the remaining liver on opposed phase images and persisting high signal in the spared area. C On fat only

images, the fatty liver shows signal with the spared area appearing dark, while on D the water only image, the spared area is brighter than the
steatotic surrounding liver.

Conventional ultrasound is the first imaging modality to
demonstrate fluid-containing lesion with smooth thin wall
with a sensitivity and specificity of 90% [2, 9]. Simple liv-
er cysts are non-enhancing on CEUS [3]. Septation, mur-
al irregularity/mural nodularity or echoic internal material
define a complex liver cyst needing further investigation.
Vascular perfusion with septa or solid enhancing noduli of
the liver cyst can be demonstrate or excluded by CEUS
(figure 5). Alternatively, CT or MRI are very sensitive
imaging modalities in this scenario.

Hepatic cysts, particularly larger than 1 cm, can generally
be characterised on CT by their homogeneous low atten-
uation (—10 to +20 HU), sharp margination and lack of
enhancement. In small lesions, attenuation measurements
can be inaccurate. On MRI imaging (figure 6), a hepatic
cyst follows the signal intensity of water on all sequences
with homogeneous low signal intensity on T1-weighed
T(1w) images, increased signal intensity, greater than other
T2 hyperintense liver lesions (e.g. haemangiomas) on
T2-weighed (T2w) images, and a lack of enhancement af-
ter the administration of contrast agents. MRI is superior in
detecting and characterising complex cysts. Complex cysts
in the liver should be characterized by MRI, particularly
when suspected to be haemorrhagic, to differentiate com-
plex liver cysts from mucinous cystic neoplasms. A diffi-

cult issue remains to differentiate complex cysts from bil-
iary mucinous cystic neoplasms and cystic metastases (e.g.
in ovarian cancer and gastrointestinal stromal tumours).
Therefore, a low density on CT is not definitive for a sim-
ple cyst in certain patients with underlying malignancy
[28]. Rupture, bleeding and superinfection represent rare
complications in liver cysts. Definitive diagnosis of simple
cysts and complex liver cysts needing interventions can be
performed by conventional ultrasound.

Figure 5: Liver cyst on ultrasound and CEUS. A Ultrasound with
cystic lesion with echogenic content. B CEUS without contrast-en-
hancement demasking a complex hepatic cyst.

tenuation and lack of enhancement.

\

Figure 6: Liver cyst on MRI and CT. Typical liver cyst in segment Il with A hyperintense signal on T2 weighted MR image, B hypointense sig-
nal on T1 weighted MR image, and C lack of enhancement on portal venous MR. D On CT the cyst appears sharply demarcated with fluid at-
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Echinococcosis of the liver

There are two main types of echinococcosis: cystic
echinococcosis (CE) caused by Echinococcus granulosus
(also known as hydatid disease) and alveolar echinococ-
cosis caused by Echinococcus multilocularis. Echinococ-
cosis of the liver is diagnosed by grey-scale ultrasound as
the screening method of choice and in combination with
serology. Ultrasound classification for cystic echinococco-
sis was elaborated by the World Health Organisation-In-
formed Working Group in Echinococcus (WHO-IWGE)
[29, 30]. These cystic lesions vary from a simple anechoic
cyst (CE 1) to vesicular multiseptated cysts with a “wheel-
like”, “rosette-like” or “honeycomb-like” structure (CE 2)
to anechoic content with a detachment of the laminated
membrane from the cyst wall visible as a floating mem-
brane or “water-lily” sign (CE 3). Heterogenous hypoe-
choic or inhomogenous degenerative contents without
daughter cysts are seen on conventional ultrasound in type
CE 4. A thick, calcified wall is typical in CE 5 and highly
suggestive of cystic echinococcosis (figure 7) [31].

Alveolar echinococcosis is endemic in Switzerland. Most
conventional ultrasound findings (70%) are hyper- and hy-
poechoic areas mimicking a tumour with irregular margins
(figure 8) and central necrosis (pseudocyst) surrounded by
an irregular hyperechogenic ring [32]. Haemangioma-like
hyperechogenic nodules as the initial lesion and small cal-
cified lesions can be found on conventional ultrasound in
30% of cases. In both cases, CEUS can easily demask this
pseudotumour as a “simple” cystic lesion without contrast
enhancement (figure 8) and demonstrate biliary or vascular
infiltration.

With conventional ultrasound being the recommended
main imaging modality for echinococcosis, CT and MRI
are used in cases where conventional ultrasound cannot
clearly assess the extent of the disease (e.g. in obese pa-
tients, in subdiaphragmatic or extra-abdominal location).
These techniques are used to perform staging in newly dis-
covered echinococcosis, assess complications such as cys-
to-biliary fistulas and for pre-surgical evaluation.

Swiss Med Wkly. 2023;153:40099

The WHO-IWGE classification for cystic echinococcosis
can be applied for CT and MRI, with MRI being superior
to CT in reproducing the conventional ultrasound-stages of
cystic echinococcosis, and CT being superior to conven-
tional ultrasound and MRI in demonstrating minute calci-
fications [33]. Cystic echinococcosis fluid on CT demon-
strates fluid attenuation (approximately 0 HU).
Calcifications are seen as hyperdensities, with faint calci-
fications potentially being missed after the administration
of an intravenous contrast agent, which is the reason why
unenhanced images should be acquired. On MRI, theses
cysts are hyperintense on T2w images, and daughter cysts
or membranes are more easily visible than on CT (figure
9).

MRI is also the second imaging modality of choice for
alveolar echinococcosis after conventional ultrasound. On
MRI, microcystic, alveolar structures are a pathognomonic
feature of alveolar echinococcosis (figure 9). However,
many lesions are atypical and of an infiltrative character.
For detection of calcifications and in patients incompatible
with MRI, CT usually has a role. On CT images, alveolar
echinococcosis presents as mixed hyperdense-hypodense
lesions with possible necroses.

MRI with hepatobiliary contrast can increase the detection
of cysto-biliary fistulas by adding a contrast-enhanced
magnetic resonance cholangiography (MRC) to conven-
tional T2w MRC [34].

Although 18F-fluorodeoxyglucose-positron emission to-
mography computed tomography (18F-FDG-PET-CT)
does not play a diagnostic role in hepatic alveolar
echinococcosis, it is the imaging modality of choice for
assessing the inflammation surrounding the lesions and is
helpful for patient management (i.e. when deciding to stop
long term medical treatment).

Pyogenic liver abscess

Abscesses can be diagnosed relatively easy by grey-scale
ultrasound, particularly in the context of typical clinical
manifestations such as fever, chills, leukocytosis and in-

tent and heavily calcified wall.

Figure 7: Systemic comparison of all stages in cystic echinococcosis (CE) by ultrasound, CT and MRI (modified from [29]). CE1: unilocular,
simple cysts with liquid content and often with the CE1-specific “double line sign”, CE2: multivesicular, multiseptated cysts, CE3a: cysts with
liquid content and the CE3a-specific detached endocyst, CE3b: unilocular cysts with daughter cysts inside a mucinous or solid cyst matrix,
CEA4: heterogenous solid cysts with degenerative CE4-specific canalicular structure of the cyst content and CE5: cysts with degenerative con-

us

MRI

CT
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creased C-reactive protein. However, the demarcation and
extension of abscesses with liquid necrosis (anechoic or
hypoechoic) in the liver can be underestimated by grey-
scale conventional ultrasound. Abscesses in early stages
with inflammation but without necrosis can be missed (fig-
ure 10). CEUS is helpful in diagnosing pyogenic liver ab-
scesses, including demarcation and extension (figure 10).
Regarding the pathogenesis of liver abscess formation with
bacterial infection, inflammation, thrombosis of small ves-
sels and ischemia provoking necrosis (inducing vicious cir-
cle with bacterial infection), a classification of pyogenic
liver abscesses by CEUS has been proposed [35]. With
CEUS, necrotic liver (anechoic) tissue can easily be distin-
guished from ischemic liver tissue, which is crucial infor-
mation guiding further diagnostic and therapeutic manage-
ment.

The appearance of liver abscesses on CT is variable, how-
ever they generally demonstrate peripheral enhancement
and central hypoattenuation due to necrosis and only rarely
contain central gas [36]. In early contrast-enhanced CT
images, segmental, wedge-shaped or circumferential in-
creased perfusion can be seen. A double target sign is a
characteristic finding on contrast-enhanced CT with cen-
tral low attenuation (fluid) surrounded by a higher atten-
uation inner rim (abscess membrane) and low attenuation
outer ring (oedema of the liver parenchyma) [37].

On MR, typical imaging features include hypointense sig-
nal on T1w, hyperintense signal on T2w, similar enhance-
ment characteristics as seen on CT. Abscesses show re-
stricted diffusion with high signal on diffusion weighted
images and low signal on apparent diffusion coefficient
maps in the abscess cavity as well as a lack of diffusion
restriction in the periphery (figure 11). These imaging fea-
ture help to differentiate between abscess and cystic or
necrotic tumour with low signal on DWI and high signal
on apparent diffusion coefficient [38].
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Note that depending on the infectious origin, patients with
liver abscesses may have different clinical presentation
and/or imaging patterns, that is, Klebsiella species or fun-
gal infections may not produce liquefactive necrosis [39].
In addition, amoebic liver abscesses caused by Entamoebia
histolytica have unique characteristics in terms of risk fac-
tors, origin, symptoms and treatment and have recently
been reviewed in detail [40].

Hepatic haemangioma

Hepatic haemangioma is the most common benign liver tu-
mour, with a prevalence up to 20% in autopsy series [1,
41]. Haemangiomas are often solitary and small (<4 cm),
though they can reach 20 cm in diameter. Additionally,
most haemangiomas are asymptomatic incidental findings.
No relationship is seen between the size of haemangiomas
and rare complications (for instance, discomfort in the case
of large or giant haemangioma, bleeding after trauma) and
little relationship is shown between symptoms and size.
This benign liver tumour may change in size during long-
term follow-up (i.e. reported annual growth rates of 0.3 to
3.4 mm) [1, 41].

Conventional ultrasound is the first imaging modality to
detect hepatic haemangioma. Most haemangiomas can be
demonstrated as hyperechoic (78%) (figure 12A) but also
as hypoechoic (15%) (figure 12D) or isoechoic lesion (7%)
[42].

In the presence of risk factors (table 1) a contrast-enhanced
imaging modality is mandatory to exclude malignant focal
liver lesions (e.g., hyperechoic liver metastasis, figure
20A). CEUS is accurate for the diagnosis of haeman-
giomas in about 95% of the cases [3]. The peripheral nodu-
lar enhancement with gradual centripetal filling (= iris-di-
aphragm sign) without washout is a highly specific finding
for a typical haemangioma [1, 42]. CEUS can classify

Figure 8: Hepatic echinococcosis on conventional ultrasound and CEUS. A Echogenic 4 cm hepatic lesion in the right liver lobe in a cystic
echinococcosis (E. granulosus) with floating membrane / “water-lily” sign (CE3) in a 39-yea-old female patient from Kosovo. B CEUS without
contrast-enhancement. C Echogenic hepatic lesion in the right liver lobe in an alveolar echinococcosis (E. multilocularis) in a 57 year old
Swiss patient. D Echogenic hepatic lesion in the left liver lobe in an alveolar echinococcosis (E. multilocularis) in a 50-year-old Swiss male with
alveolar echinococcosis. E CEUS without contrast-enhancement.
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these lesions as incomplete (22%) or complete (78%) cen-
tripetal filling haemangioma [3, 17]. Atypical features in-
clude “shunt haemangiomas” with abundant arterio- (por-
to-)venous shunts (also called high-flow or flash-filling
haemangiomas) mostly with a hypoechoic appearance on
conventional ultrasound (figure 13A), sclerosing haeman-
giomas and haemangiomas with regressive changes such

Swiss Med Wkly. 2023;153:40099

as calcifications, thrombosis and phleboliths [42—44]. The
findings of CEUS are characterised with similar but faster
centripetal contrast-enhancement in high-flow haeman-
giomas (figure 13).

In the case of slow-filling haemangiomas, the reinjection
of contrast agents without scanning the patient during the
first minute may better show contrast accumulation within

Figure 9: Hepatic echinococcosis on CT and MRI. A T2w axial MRI, B T1w fs axial image after gadolinium based i.v. contrast and C CT im-
age after iodine based i.v. contrast in a 37-year-old male patient with cystic echinococcosis (E. granulosus) demonstrating two lesions: the an-
terior with heterogenous signal on T2w, lack of enhancement and coarse calcifications visualized on CT (arrow, CE5). The posterior lesion
with hyperintense detached membrane on T2w, lack of enhancement and faint visibility of the membrane on CT (arrowhead, CE3). D T2w axi-
al MR, E T1w fs axial image after gadolinium based i.v. contrast and F CT image after iodine based i.v. contrast in a 74-year-old male patient
with alveolar echinococcosis (E. mulitlocularis) with pathognomonic microcystic features on T2w image and partial necrosis, infiltrative aspect
and coarse calcifications seen on CT.

with surrounding hyperenhancement (hyperaemia).

Figure 10: Pyogenic liver abscess on conventional ultrasound and CEUS. A 60-year-old male patient with clinical signs of infection with hardly
delimitable hepatic lesions on ultrasound. B, C CEUS with confluent well delimitable liver abscess with anechoic (avascular/necrotic) lined by

Swiss Medical Weekly - www.smw.ch - published under the copyright license Attribution 4.0 International (CC BY 4.0)

Page 9 of 19




Review article: Medical guidelines
|

the haemangioma. The diagnostic challenge of some atypi-
cal haemangiomas is washout due to the shunts mimicking
malignant focal liver lesions such as metastasis or hepa-
tocellular carcinoma. In unclear CEUS findings or the un-
availability of CEUS, MRI is the most accurate imaging
modality with a sensitivity and specificity of 91-100% [1,
41, 44]. Note that CT has a sensitivity of 98.3% and a
specificity of 55% [41].

Hepatic haemangiomas appear isodense to the blood pool
on unenhanced CT images. After the administration of
contrast material, they demonstrate peripheral, nodular en-
hancement with progressive centripetal fill-in in later con-
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trast phases [45]. In late phases, hepatic haemangiomas can
be iso- to hyperdense to the normal liver. Large haeman-
giomas may have central cystic degeneration, thrombosis,
or fibrosis with a lack of enhancement. Small haeman-
giomas will uniformly enhance in the arterial phase — de-
scribed as “flash-filling”. Therefore, it can be challenging
to differentiate small haemangiomas from hypervascular
neoplasms (e.g. metastases from neuroendocrine tumours
or hepatocellular carcinoma) on arterial phase imaging. In
contrast to haemangiomas, malignant neoplasms usually
become hypodense relative to the normal liver on portal
venous and/or delayed phase images [46].

Figure 11: Pyogenic liver abscess on CT and MRI. A Axial T2w MRI image with a central hyperintense abscess (arrowhead) in the right liver
lobe of a 62-year-old male patient with clinical signs of infection. B On T1w unenhanced MR image the abscess is hypointense. C T1w con-
trast enhanced MRI revealing the double target sign with a contrast enhancing abscess wall and a narrow peripheral hypointense edematous
rim as well as segmental adjacent hyperenhancement. D On diffusion weighted images the abscess is centrally hyperintense due to restricted
diffusion with E correlating low signal on the ADC map. F On contrast enhanced CT, the abscess is centrally hypodense with a slightly hyper-
dense rim and adjacent hyperperfusion.

Figure 12: Haemangioma on conventional ultrasound and CEUS. A Hyperechogenic haemangioma on ultrasound, B with centripetal contrast
enhancement on CEUS in the arterial phase, C with complete contrast enhancement and without wash-out in the late venous phase. D Hy-
poechogenic hemangioma next to the kidney on ultrasound. E Complete contrast enhancement on CEUS in the arterial phase.
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Enhancement characteristics of haemangiomas in MRI
(figure 14) are analogous to those on CT. On T2w images,
haemangiomas are typically very bright / hyperintense
with internal fibrotic areas appearing dark. For patients
with incidental liver lesions, multiphase contrast-enhanced
CT has a sensitivity of 75.6% to 86.7% (accuracy of 91%
to 95%), and MRI has a sensitivity of 86.7% to 97.8%
(accuracy of 95% to 99%) for diagnosis of haemangiomas
[47].

For the majority of patients with typical haemangioma
without washout on CEUS (see above), a conservative ap-
proach is appropriate. Pregnancy and the use of oral con-
traceptive pills are not contraindicated in the presence of
stable asymptomatic haemangioma. Follow-up imaging is
unnecessary in typical cases with a low risk profile [1].
A multidisciplinary approach is recommended for growing
and/or symptomatic haemangiomas by compression and in
the case of Kasabach-Merritt syndrome.

Focal nodular hyperplasia

Focal nodular hyperplasia is the second-most common be-
nign hepatic tumour with a prevalence of 0.03% (0.4 to 3%
in autopsy series) in predominantly middle-aged (35 to 50
years) female patients (10:1 female ratio) with mostly soli-
tary manifestations smaller than 5 cm (multiple focal nodu-
lar hyperplasia in 20-30% of cases) [1]. In most cases,
the focal nodular hyperplasia size remains stable over time
[48]. On a conventional ultrasound, focal nodular hyper-
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plasia usually appears slightly hypo- or isoechoic (figure
15A), sometimes with a lobulated contour and a pseudo-
capsule, which is caused by compression of the surround-
ing liver tissue or vessels and sometimes with a central scar
(figure 15C). Central feeding arteries can be demonstrated
on colour Doppler with spoke-wheel pattern (figure 15B)
with typical arterial flow in the pw-Doppler. However, ma-
lignant tumours can also present the spoke-wheel sign,
for instance. in fibrolamellar hepatocellular carcinoma [17,
49]. Therefore, contrast-enhanced imaging is mandatory in
suspected focal nodular hyperplasia.

CEUS is an excellent imaging modality to accurately diag-
nose focal nodular hyperplasia, particularly if the diameter
is below 3 cm [1]. The typical finding shows a fast arteri-
al centrifugal uptake of the contrast agent, which becomes
hyperechoic in seconds. This fast, dynamic process can be
missed by CT or MRI. Hyperenhancing focal liver lesions
can be demonstrated in the arterial, portal-venous phase up
to the late venous phase (sometime iso-enhancing in the
late venous phase), but in most cases without washout (fig-
ure 15C) [3, 17]. This vascular malformation can be divid-
ed into different groups by CEUS according to the vascu-
lar patterns. Atypical variants of focal nodular hyperplasia,
that is, without a central scar and/or with decentral contrast
enhancement, are reported in about 20% of cases [48, 50].
In general, CEUS is more accurate than MRI in focal nodu-
lar hyperplasia smaller than 3 cm, whereas the opposite is
true in larger focal nodular hyperplasia lesions [1].

Figure 13: Shunt haemangioma on conventional ultrasound and CEUS. A Hypoechoenic high flow shunt-hemangioma on ultrasound, B with
rapid arterial centripetal filling in few seconds on CEUS with C arterioportal shunt (arrows) in the arterial phase.

(right).

Figure 14: Haemangioma on MRI. Subcapsular haemangioma with hypointense signal on the unenhanced T1w image (left) and after contrast
administration peripheral nodular enhancement with filling in over time and hyperintense signal matching the blood pool on delayed phase
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On CT, focal nodular hyperplasia is usually hypo- or iso-
dense relative to the normal liver on unenhanced images,
with a hypodense scar seen in one-third of the cases. Focal
nodular hyperplasia are avidly enhanced in the arterial
phase, becoming isodense in the portal venous phase and
later phases. If present, the central scar enhances gradually
and can appear hyperdense on delayed-phase images. For
patients with incidental liver lesions, multiphase contrast-
enhanced CT has an accuracy of 85% to 93% for the diag-
nosis of focal nodular hyperplasia [51].

Enhancement characteristics of focal nodular hyperplasia
on MRI (figure 16) are again similar to those on CT with
avid arterial enhancement of the lesion and becoming
isointense to the surrounding liver during the portal venous
phase. On unenhanced T1w images, focal nodular hyper-
plasia is isointense relative to the normal liver and on T2w
images isointense to slightly hyperintense [45, 46]. The
central scar is typically dark on T1w images and bright
on T2w images. For patients with incidental liver lesions,
multiphase contrast-enhanced MRI has an accuracy of
88% to 99% for the diagnosis of focal nodular hyperplasia
[51]. High specificity (close to 100%) of CEUS and MRI
in focal nodular hyperplasia avoids biopsy and allows con-
servative treatment. Follow-up imaging in the vast majori-
ty of patients is not necessary.

To distinguish focal nodular hyperplasia from hepatocellu-
lar adenomas, hepatobiliary agents such as gadoxetate dis-
odium are helpful with focal nodular hyperplasias, which
unlike hepatocellular adenomas demonstrate high uptake
on hepatobiliary phase images [52]. A modified EASL
flowchart for the management of focal nodular hyperplasia
is shown in figure 17. In asymptomatic patients, no follow-
up is needed even during pregnancy, and oral contracep-
tives do not have to be stopped [1]. However, follow-up
is indicated in the case of underlying vascular liver dis-
ease (e.g. chronic Budd-Chiari syndrome, Fontan-associ-
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ated liver disease) as focal nodular hyperplasia and focal
nodular hyperplasia-like lesions as well as hepatocellular
carcinoma are seen more frequently in vascular liver dis-
eases. The imaging features of these lesions can be less
typical [53-55]. Therefore, liver biopsy is advisable in case
of uncertain diagnosis or when focal nodular hyperplasia is
diagnosed outside of the classical clinical context.

Symptomatic focal nodular hyperplasias due to relevant
size should be presented at a multidisciplinary board to dis-
cuss exceptional resection or transarterial embolisation.

Hepatocellular adenoma

Hepatocellular adenomas are rare, with a prevalence of
0.001-0.004%, and are most commonly found in middle-
aged women (10:1 female to male, aged 35 to 40 years)
[1]. Hepatocellular adenomas are usually solitary, some-
times pedunculated and of various sizes ranging from sev-
eral millimetres to 30 cm. Oral contraceptive use increases
the incidence of this hormone-sensitive focal liver lesions
30-40-fold. Hepatocellular adenomas are also associated
with obesity and metabolic syndrome. In males, andro-
genic steroids are associated with hepatocellular adeno-
mas. In particular, hepatocellular adenomas >5 cm have
higher risk of haemorrhage and malignant transformation
(particularly B-catenin activated hepatocellular adenomas).
The molecular classification of hepatocellular adenomas
with associated risk factors, bleeding and malignant trans-
formation has been described in detail [56]. As a result of
the sensitivity to hormones, hepatocellular adenomas can
also grow in size with an increased risk of bleeding dur-
ing pregnancy, especially in the last trimester, but also after
childbirth (rapid drop in oestrogen levels with a possible
massive hepatocellular adenoma regression). On CEUS,
hyperenhancement in the arterial phase can be seen in the

Figure 15: Focal nodular hyperplasia on conventional ultrasound and CEUS. A Symptomatic focal nodular hyperplasia on ultrasound next to
the gallbladder. B CEUS with centrifugal arterial contrast enhancement (“spoke wheel sign”). C Late phase with central scar (hypoenhancing)
of the dystrophic central artery (D, blue arrow) shown on the resection sample.

Figure 16: Focal nodular hyperplasia on MRI. MRI of focal nodular hyperplasia in liver segment VI und IVb (arrows) with A slight hyperintense
signal on T2w image with hyperintense central scar, B slight hypointense signal on T1w image with hypointense central scar, C avid arterial
enhancement and D increased metabolisation of the hepatobiliary contrast agent during the hepatobiliary phase.
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periphery and in the centre of the lesion, with chaotic, and
usually centripetal, behaviour. Washout is usually absent.

On unenhanced CT, the attenuation of hepatocellular ade-
nomas varies depending on recent haemorrhage, which can
be hyperdense, or fat content, which will appear hypo-
dense. Generally, hepatocellular adenomas are well mar-
ginated and demonstrate homogenous enhancement on ar-
terial phase images, returning to isodensity on portal
venous and delayed-phase images.

MRI is superior to all other imaging modalities for the
characterisation of hepatocellular adenomas (figure 18).
For diagnosing HNF-1a inactivated hepatocellular adeno-
mas, MRI with extracellular contrast agents ranges from
87% to 91% sensitivity and 89% to 100% specificity, and
for diagnosing inflammatory hepatocellular adenomas
from 85% to 88% sensitivity and 88% to 100% specificity
[1]. Meanwhile, the identification of PB-catenin-activated
hepatocellular adenoma and its distinction with unclassi-
fied hepatocellular adenoma and hepatocellular carcinoma
is not possible by any imaging technique. Biopsy may be
considered in these cases to exclude malignancy (particu-
larly for all adenomas that are not steatotic to inform man-
agement decisions; unless in males or >5 cm for which
resection/ablation can be recommended, see below). In
the case of histologically proven B-catenin-activated he-
patocellular adenoma, curative intervention is advised ir-
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respective of size. Hepatocellular adenomas <5 c¢cm of the
HNF-1a subtype, or those that are either inflammatory or
B-catenin non-activated on biopsy, can be managed con-
servatively. Lifestyle changes such as discontinuation of
oral contraceptives as well as weight loss should be recom-
mended. The current management of hepatocellular adeno-
ma relies ever more on the molecular classification. There-
fore, the role of biopsy is increasingly important for
diagnostic and prognostic purposes. We recommend using
a recently published algorithm for guidance [57].

On MRI images, inflammatory hepatocellular adenomas
are hyperintense on T2w images and isointense or mildly
hyperintense on Tlw images with minimal or no signal
drop-off on opposed-phase images. After the administra-
tion of gadolinium-based contrast material, inflammatory
hepatocellular adenomas usually demonstrate avid arterial
enhancement, which persists in the portal venous and de-
layed phases [58]. HNF-1a-inactivated hepatocellular ade-
nomas are hyper- or isointense on T1w images, with typ-
ical diffuse signal drop-off on opposed phase due to
intracellular fat [58].

For the differentiation between adenoma and focal nodular
hyperplasia, low signal on hepatobiliary phase images is
100% specific, 92% sensitive and 97% accurate for hepa-
tocellular adenoma [59].
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Figure 17: Recommended management of a focal nodular hyperplasia (modified flowchart for the management of focal nodular hyperplasia
by EASL [1]); imaging modalities may include ultrasound, CEUS and MRI with a hepatobiliary contrast agent. In suspected focal nodular hy-
perplasia on ultrasound, size of the focal liver lesion is important for choosing contrast-enhanced image modality. For large lesions >3 cm, MRI
sensitivity is excellent. CEUS or MRI are recommended for lesions <3 cm. If doubt remains after CEUS and MRI, patients should be referred
to a specialist centre where percutaneous biopsy (or resection) may be considered. CEUS: Contrast-enhanced ultrasound; EASL: European
Association for the Study of the Liver; FNH: focal nodular hyperplasia; MRI: magnetic resonance imaging; US: conventional ultrasound
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For all presumed hepatocellular adenomas, a reassessment
with MRI is advised after 6 months. Hepatocellular ade-
nomas persistently greater than 5 cm or increasing in size
(>20% diameter — as per RECIST criteria for solid malig-
nant tumours) should be considered for resection or cura-
tive treatment irrespective of their molecular or histologi-
cal subtype because of the risk of haemorrhage. In women,
lesions less than 5 cm should be reassessed at 1 year, and
annual imaging adopted thereafter. For lesions stable or
reducing in size after 5 years, biannual imaging can be
proposed. In men, all hepatocellular adenomas should be
resected. In the case of haemodynamic-relevant bleeding,
hepatocellular adenomas should be embolised. The man-
agement of hepatocellular adenomas recommended by the
European Association for the Study of the Liver is shown
in figure 19.

Malignant focal liver lesions and liver metastases

Liver metastases are the most common malignant focal liv-
er lesions in a non-cirrhotic liver. The correct diagnosis is
crucial for determining the next diagnostic and therapeutic
steps or the appropriate follow-up interval. On convention-
al ultrasound hepatic metastases vary in echogenicity and
can be hypoechoic, isoechoic or hyperechoic or cystic. Par-
ticularly patients with risk factors and newly documented
or increasing focal liver lesions need further contrast-en-
hanced imaging (because e.g., a hyperechoic focal liver le-
sions on conventional ultrasound could be a haemangioma
or hyperechoic liver metastasis) (figures 12 A and 20 A).

When detecting these focal liver lesions on conventional
ultrasound, CEUS could be immediately performed, with
appropriate expertise, with an excellent accuracy to differ-
entiate benign focal liver lesions from malignant focal liv-
er lesions. According to the degree of vascularisation in

Swiss Med WKkly. 2023;153:40099

the arterial phase the focal liver lesion can be categorised
by CEUS as hyper-, hypo- or avascular (corresponding to
necrosis) metastases. Ten to 15% of liver metastases are
hypervascular [17] (figure 20, B and E). A common and
highly specific feature of metastatic lesions or other ma-
lignant focal liver lesions (as hepatocellular carcinoma and
cholangiocarcinoma) is the washout of the contrast agent
in the portal venous or late phase (figure 20, C, E and G)
after initial contrast-enhancement [4, 60].

In the largest prospective multicentre trials sensitivity and
specificity of CEUS in the differentiation of benign and
malignant focal liver lesions was not inferior to CT and
MRI even for small focal liver lesions [61-63].

Meta-analyses involving hepatocellular carcinomas,
metastatic cancers, cholangiocarcinomas and other malig-
nant focal liver lesions found a comparable sensitivity and
specificity of >90% for CEUS, CT and MRI regardless of
whether the standard of reference included histology or the
studies were blinded or unblinded [64, 65] but with a lower
cost for CEUS [15].

In Switzerland, even in clinical practice, CEUS is reported
with a sensitivity of 96.0%-97.2% for malignant focal liv-
er lesions and a specificity of 84.2%—90.6% for benign fo-
cal liver lesions [66]. CEUS is useful as a first and imme-
diate diagnostic imaging tool after conventional ultrasound
to accurately diagnose or exclude malignant focal liver
lesions. Unnecessary further imaging or biopsies can be
avoided. Nevertheless, CEUS is also helpful in the detec-
tion of missed colorectal liver metastases after staging-CT.
Moreover, CEUS is particularly useful in colorectal cancer
with colorectal tumour stage T3/T4 and in cases with focal
liver lesions of uncertain dignity after staging CT with an
accuracy of 98.4% for CEUS in determining dignity [67].

Figure 18: Hepatocellular adenoma in MRI. MRI of a HNF-1a-activated hepatocellular adenoma in liver segment Il (arrow) with A hyperin-
tense signal on the T2w image, signal drop from B T1 weighted in- to C opposed-phase, D arterial enhancement persisting in E the portal ve-
nous phase and F due to lack of contrast metabolisation hypointense signal on hepatobiliary phase images.
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However, CEUS cannot replace CT or MRI in these onco-
logical patients. CT is mandatory for tumour staging and
MRI is more accurate to evaluate the exact number and lo-
calisation of liver metastases, especially in limited conven-
tional ultrasound/CEUS-conditions mentioned above.

Liver metastases are typically hypodense on unenhanced
CT, enhancing less than surrounding liver following con-
trast administration (except metastases from neuroen-
docrine tumour or renal cell carcinoma). If there is con-
comitant hepatic steatosis, it can be more difficult to detect
metastases due to their isodensity in a steatotic liver. En-
hancement of metastases is typically peripheral with
washout, helping distinguish them from haemangiomas.
The resolution of CT does not allow for a definitive charac-
terisation of lesions <1 cm. Moreover, small hypervascular
metastases, for instance from renal cell carcinoma, thyroid
carcinoma, and neuroendocrine tumours, may be difficult
to distinguish from flash-filling haemangiomas [46]. Wall
thickening, peripheral enhancement, mural nodules as well
as multiplicity and lesion growth raise the likelihood of
malignancy.
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The appearance of hepatic metastases on MRI is variable
depending on the primary tumour and the size of the
metastases. On MRI, hepatic metastases often demonstrate
hypointensity on T1w images, hyperintensity on T2w im-
ages and restricted diffusion (figure 21). Occasionally, he-
patic metastases are difficult to detect on unenhanced im-
ages without diffusion-weighted images. In the
hepatobiliary phase, metastases appear hypointense due to
the lack of metabolisation of the contrast agent.

In patients with a history of extrahepatic malignancy, con-
trast-enhanced CT can differentiate between metastases
and benign lesions with an accuracy of 74% and MRI with
an accuracy of 83% and 91%, increasing to 94% with the
addition of dynamic the hepatobiliary phase [68].

The accuracy of CT, however, strongly depends on the size
of liver metastases. The overall accuracy at preoperative
CT was 81% but only 55% for detecting colorectal liver
metastases measuring 6—10 mm, and only 8% for colorec-
tal liver metastases measuring 1-5 mm in patients under-
going liver resection [69].
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Figure 19: Recommended management of a presumed hepatocellular adenoma according to the European Association for the Study of the
Liver [1]: Baseline MRl is necessary to help to confirm a diagnosis of hepatocellular adenoma and characterise it. In men, resection (or abla-
tion) of hepatocellular adenomas of any size is recommended. In women, an observation period of 6 months after lifestyle changes is appro-
priate. Resection is indicated in lesions persistently greater than 5 cm, or in case of increasing size on follow-up. In smaller lesions, a conserv-
ative approach with interval imaging can be adopted. In specialist centres practising MRI subtyping of hepatocellular adenoma, longer
intervals between scans may be preferred for H-HCA. Biopsy is reserved for those cases where the diagnosis of HCA is uncertain on imaging
and malignancy must be ruled out. EASL: European Association for the Study of the Liver; HCA: hepatocellular adenoma; MRI: magnetic res-
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Hepatocellular carcinoma can occur in non-cirrhotic liver
disease (particularly in chronic hepatitis B and non-al-
coholic steatohepatitis with advanced fibrosis). Imaging
characteristics of hepatocellular carcinoma in non-cirrhotic
and cirrhotic patients are similar except hepatocellular car-
cinomas in non-cirrhotic livers frequently present as a soli-

Figure 20: Liver metastasis on conventional ultrasound and CEUS. A Hyperechogenic liver metastases on ultrasound. B Hyperenhancement
of biopsy proven neuroendocrine tumor-metastasis on CEUS. C Wash-out on CEUS. D Patient with abdominal wall abscess with cystic lesion
of unclear dignity on MRI with features of a cystic hepatic lesion on ultrasound. E Complete arterial contrast enhancement of this solid mass
on CEUS. F Wash-out CEUS of the biopsy proven primary lymphoma. G CEUS with arterial contrast enhancement of a melanoma metastasis
demonstrating necrosis on the non-enhancing areas (which is an important information when planning ultrasound-guided biopsy avoiding biop-
sy of the necrotic area).

tary mass with or without satellite lesions and are much
larger in tumour size and often seen with a central scar
[70]. In contrast to hepatocellular carcinoma in liver cir-
rhosis, which can be diagnosed non-invasively based on
typical contrast-enhanced MRI and CT features, suspected

Figure 21: Liver metastasis on MRI. Liver metastasis in segment VI laterally (arrow) with A slight hyperintense signal on T2w image, B re-
stricted diffusion with high signal on b800 diffusion weighted image, C hypointense signal on T1w image, D arterial enhancement, E portal ve-
nous wash-out and F hypointense signal during the hepatobiliary phase due to lack of contrast metabolisation.
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hepatocellular carcinoma in non-cirrhotic liver requires a
biopsy of the focal liver lesion [7].

Biopsy of solitary liver lesions in non-cirrhotic
liver

Biopsy and histological analysis of a focal liver lesion
should be performed if the clinical evaluation, tumour
markers, serological testing and state-of-the-art imaging
do not allow for characterizing the lesion and/or if suspi-
cion of malignancy remains high. Biopsy of a suspected
liver metastasis is often helpful in establishing diagnosis
by identifying the primary tumour as well as for tumour
staging purposes. In addition, hepatocellular adenoma can
sometimes be difficult to differentiate from well-differen-
tiated hepatocellular carcinoma. In this scenario, the indi-
cation for liver biopsy should be generously made, partic-
ularly in the event of ambiguous imaging [71].

A biopsy of focal liver lesions should be performed by ex-
perienced physicians to avoid potential tumour cell seed-
ing and post-interventional bleeding [72, 73]. When per-
forming a biopsy of a focal liver lesion, it is mandatory to
acquire a second biopsy from the surrounding liver to rule
out chronic liver disease, advanced fibrosis or cirrhosis.
The biopsy of the adjacent liver is important in diagnos-
ing a focal liver lesion, particularly hepatocellular lesions.
Detection of cirrhosis will change the patient’s focal liv-
er lesion management. Imaging of the correct location for
sonography-guided biopsy can be enabled by performing
CEUS (i.e. for focal liver lesions with insufficient demar-
cation in conventional ultrasound and for avoiding biopsy
of avascular/necrotic tumour area).

Conclusion

In clinical routines, conventional ultrasound is the first
imaging modality in patients with focal liver lesions in
non-cirrhotic liver. Patient history, physical examination,
tumour markers and imaging findings together with risk
factors for malignancy or infection determine the need of
further investigation. Contrast-based imaging studies such
as CEUS, CT or MRI allow for the accurate differentiation
of focal liver lesions in most cases. In case CEUS is un-
available, inconclusive or if there is inadequate experience
by the operator, MRI is recommended. If a focal liver le-
sion remains unclear after imaging, a biopsy of the lesion
and the surrounding liver should be considered.
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