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Abstract
Benign focal liver lesions can originate from 
all kind of liver cells: hepatocytes, mesenchy-
mal and cholangiocellular line. Their features 
at imaging may sometimes pose difficulties in 
differential diagnosis with malignant primary 
and secondary lesions. In particular, the use of 
MDCT and MRI with extracellular and 

hepatobiliary Contrast Agents may help in 
correct interpretation and definition of hepato-
cellular or mesenchymal and inflammatory 
nature, allowing to choose the best treatment 
option. The peculiarities of main benign liver 
lesions at US, CT and MRI are described, with 
special attention to differential diagnosis and 
diagnostic clue.

The identification and imaging characterization 
of benign liver lesions is fundamental for differ-
ential diagnosis with malignant primary and sec-
ondary lesions. Likewise, differentiating between 
various benign lesions is of paramount impor-
tance because of their distinct management, 
which can range from no therapeutic treatment, 
to follow-up or biopsy for definitive confirma-
tion, to surgical resection.
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Incidental focal liver lesions are for the most 
part benign, even in oncological patients. The 
most common benign focal liver lesions are 
hemangiomas which originate from the mesen-
chymal cellular line, followed by focal nodular 
hyperplasia (FNH) and hepatocellular adenoma 
(HCA), both originating from the hepatocellular 
line.

We can identify and characterize these lesions 
by using various imaging techniques: US scan 
can identify liver lesions, but the use of contrast 
agents is in most cases necessary for correct char-
acterization, whether during US (CEUS), 
CE-MDCT, or MRI with extracellular or hepato-
biliary contrast agents.

The peculiarities of the most common benign 
liver lesions at US, CT, and MRI are described 
with particular attention given to differential 
diagnosis and diagnostic clues. Recent guidelines 
about post-diagnostic management are also 
shown below.

1  Hepatocellular Origin

1.1  Hepatocellular Adenoma

Hepatocellular adenoma (HCA) is a rare benign 
liver lesion with an incidence of 1 case for 
1,000,000 people: the incidence increases to 
1–3 cases for 100,000  in females who use or 
have used oral contraceptives (OCPs) for long 
term (Cogley and Miller 2014). Although the 
precise pathogenic mechanism leading to 
hepatic adenomas is still unknown, the use of 
oral contraceptive and anabolic steroids and 
some congenital diseases such as glycogen stor-
age diseases and metabolic syndrome are con-
sidered risk factors for development and 
progression of HCA. Men with metabolic syn-
drome are at a much higher risk (10 times more 
likely than females) for malignant degeneration 
of liver adenomas, although this is rare (<5%). 
Other risk factors for degeneration are androgen 
use, large tumors (>5 cm), and histological sub-
type (β-catenin- mutated) (Lee et al. 2014; Neri 
et  al. 2016). More than ten adenomas wide-
spread into liver parenchyma configure “liver 
adenomatosis.”

HCA can be classified at least into four immu-
nohistological subtypes (Lee et  al. 2014; 
Kaltenbach et al. 2016; Katabathina et al. 2011):

 1. Inflammatory type (I-HCA) with serum amy-
loid A overexpression: they represent 45–55% 
of adenomas, initially described as telangiec-
tatic FNH, characterized by inflammatory 
infiltrates and frequent sinusoidal dilatation, 
peliotic areas, dystrophic vessels, and ductu-
lar dilatations.

 2. Hepatocyte nuclear factor 1α-mutated type 
(H-HCA): they represent 25–45% of adeno-
mas and are characterized by predominant 
intralesional fat component due to activation 
of lipogenesis.

 3. β-catenin-mutated type with upregulation of 
glutamine synthetase (β-HCA): they represent 
approximately 5–10% of adenomas, they are 
considered borderline lesions between HCA 
and HCC, and they occur more frequently in 
men and are associated with male hormone 
administration, glycogen storage disease, and 
familial adenomatous polyposis.

 4. Unclassified type: this subtype encompasses 
HCAs without any genetic abnormalities (<5–
10% of cases) (Dhingra and Fiel 2014; 
Margolskee et al. 2016; Wang et al. 2016).

Small HCAs (<5 cm) are generally asymptomatic; 
large lesions (6–30 cm) can determine right upper 
discomfort or pain due to liver capsule strain; 
acute and dangerous outset is possible if a large 
peripheral or exophytic HCA breaks and bleeds 
into abdominal cavity (Lee et al. 2014); other risk 
factors for rupture and bleeding are lack of cap-
sule, pregnancy, and left lateral lobe location.

Spontaneous hemorrhage is more likely to 
occur in I-HCA and β-HCA, due to their weak or 
even absent connective support stroma.

The accurate characterization of HCAs and pos-
sibly their subtype is essential because of their dif-
ferent therapeutic options: liver biopsy is the gold 
standard, but it represents an invasive procedure 
not devoid of risks such as pain, bleeding, infec-
tion, and possible accidental correlated injuries.

Imaging techniques (US, CT, MR) can rightly 
define different HCAs in a high percentage of 
cases because they show different characteristics 

L. Grazioli et al.



5

at “basal” acquisitions and different patterns of 
enhancement after contrast media administration, 
thus reflecting their histological subtype.

I-HCA is the most common type of HCA: it 
appears as well-delineated, often hyperechoic, 
and heterogeneous nodules on ultrasound. 
Doppler signals are commonly seen and may 
mimic central arteries (Cogley and Miller 2014; 
Gangahdar et  al. 2014). On unenhanced CT, 
HCAs may appear hypo-heterogeneously attenu-
ating with spontaneously hyperattenuating areas 
related to recent intralesional bleeding 
(Katabathina et al. 2011; Gangahdar et al. 2014). 
At real-time CEUS (contrast-enhanced US), they 
show rapid centripetal filling in the arterial phase 
and persistent peripheral rim enhancement with 
central washout during portal and late phases. On 
CECT, their characteristic pattern is the strong 
arterial enhancement and a persistent enhance-
ment in delayed phases (Kaltenbach et al. 2016; 
Katabathina et al. 2011; Gangahdar et al. 2014).

On MR, I-HCAs show discrete hyperintense 
signal on T2-weighted images and iso- to hyper-
intense signal on T1-weighted sequences with 
and without fat suppression. Some lesions may 
contain a small amount of fat, visible as a signal 
dropout in opposed-phase T1-weighted 
sequences (Kaltenbach et al. 2016; Katabathina 
et al. 2011; Darai et al. 2015). Hyperintensity on 
T1 images can be seen if glycogen component, 
or less commonly hemorrhage, is present 
(Kaltenbach et al. 2016; Katabathina et al. 2011; 
Darai et al. 2015). Most I-HCAs show diffusion 
restriction on diffusion- weighted imaging (DWI) 
(Grazioli et al. 2013). After Gd chelate adminis-
tration, the pattern of enhancement is similar to 
CECT, with arterial enhancement which persists 
on delayed phases; it seems that the persistent 
enhancement on delayed phases is less fre-
quently observed after ethoxybenzyl diethylene-
triamine pentaacetic acid (EOB-DTPA), due to 
its rapid intake from hepatocytes (pseudo-wash-
out). After hepatocyte liver-specific agent admin-
istration, such as EOB-DTPA or gadobenate 
dimeglumine  (Gd-BOPTA), I-HCA may show 
generally poor uptake in the hepatobiliary phase, 
and in the majority of cases, it appears hypoin-
tense. In about 20–25% of cases, peripheral 
hyperintensity (atoll sign) reflects the abnormal 

ductal reaction with altered biliary excretion in 
the peripheral portion of the lesion (Kaltenbach 
et al. 2016; Katabathina et al. 2011; Hartleb and 
Gutkowski 2011). This particular condition may 
also determine a hyperintense lesion rim on T2w 
sequences.

Marked T2 hyperintensity associated with 
persistent delayed enhancement has a sensitivity 
of 85–88% and a specificity of 87–100% for the 
diagnosis of inflammatory HCA (Jharap et  al. 
2015). In a small percentage of cases, inflamma-
tory HCAs may appear isointense on T2w and 
T1w images with discrete enhancement in the 
arterial phase and a quite rapid washout (Lee 
et al. 2014; Kaltenbach et al. 2016; Katabathina 
et al. 2011; Darai et al. 2015) (Fig. 1).

H-HCAs is the second most frequent type of 
HCA: on ultrasound examination, they typically 
appear as very homogeneous hyperechoic lesions 
because of marked and diffuse fat within the 
lesions; rare and poor flow signal can be detected 
at color Doppler examination (Kaltenbach et al. 
2016).

On non-enhanced CT, H-HCAs are generally 
hypoattenuating in relation to the percentage of 
fat content.

MR plays a decisive role in characterizing 
H-HCA, demonstrating the presence of intrale-
sional fat unequivocally: it shows, in fact, homo-
geneous and intense signal dropout on in- and 
opposed-phase T1-weighted sequences 
(Katabathina et al. 2011; Gangahdar et al. 2014). 
On T2w images, H-HCAs generally appear iso- 
or hypointense without significant restriction on 
DWI (Grazioli et al. 2013).

At real-time CEUS and on CECT and 
CE-MRI, the presence of abundant intralesional 
fat influences the degree of enhancement of 
H-HCAs. It shows a variable grade of con-
trast  enhancement during the arterial phase (in 
most cases not very intense) and rapid washout 
during portal and late dynamic phases. On MR 
hepatobiliary phase images, after administration 
of Gd chelates with hepatocyte affinity, they 
appear homogeneously hypointense in almost 
100% of cases (Gangahdar et al. 2014; Grazioli 
et al. 2013) (Figs. 2 and 3).

β-catenin-mutated type adenoma (β-HCA) 
and unclassified HCAs are rarer, and they have 

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma
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a b

c

d

e f

Fig. 1 41 years old, female, chronic slight pain in right 
hypochondrium. A large nodule in segment VII is homo-
geneously hyperintense on T2w images (arrow in a) and 
appears iso-slightly hyperintense in T1w in/opposed (opp) 
phase (b, c) and in T1w with fat saturation (FS) acquisi-
tion (d). During dynamic acquisition after injection of 
Gd-BOPTA, the mass shows intense enhancement in arte-
rial phase (e), without washout in portal and delayed 
phases (f, g). After 10′ (* in h), the lesion is isointense to 

the surrounding parenchyma. After 2 h (HBP), it appears 
markedly hypointense with thin hyperintense peripheral 
rim named “atoll sign” (arrow in i): inflammatory hepatic 
adenoma at biopsy. In caudate lobe, another lesion is 
isointense on T1w (*) and T2w images (a–d); it shows 
intense and homogeneous enhancement in arterial phase 
(e) and becomes isointense during the next phases of 
dynamic study (f, g), till 5  min (h); the lesion appears 
hyperintense on HBP (i): typical FNH without central scar

L. Grazioli et al.
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less specific characteristics on imaging, more 
similar to HCC pattern. They can appear 
hypoechoic on ultrasound examination and 
spontaneously iso- to hypoattenuating on unen-
hanced CT (Katabathina et al. 2011; Gangahdar 
et  al. 2014). At CEUS and CECT, they show 
arterial enhancement and portal or delayed 
washout (Vijay et  al. 2015; Wang et  al. 2016). 
They may have heterogeneous content. On MR 
imaging, β-catenin-mutated HCA appears as a 
nodule with homogeneous or heterogeneous 
hyperintense signal intensity on T1- and 

T2-weighted images, depending on the presence 
of hemorrhage and/or necrosis. After Gd chelate 
contrast media administration, they commonly 
appear as homogeneous or, more often, hetero-
geneous hypervascular masses with persistent or 
non-persistent enhancement during the delayed 
dynamic phase images. Hypointensity at the 
hepatobiliary phase is the prevalent pattern (90–
92%) (Lee et al. 2014; Kaltenbach et al. 2016; 
Katabathina et  al. 2011; Darai et  al. 2015). 
Malignant transformation simulates HCC on 
imaging (Figs. 4 and 5).

g h

i

Fig. 1 (continued)

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma
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a b

c d

e f

g h

Fig. 2 32  years old, female, asymptomatic; previous 
Ewing sarcoma. A large nodule in segment  V appears 
isointense on T1 in-phase acquisition (a) and shows 
intense signal dropout on T1 opp-phase acquisition (* in 
b); it’s slightly hyperintense on T2w images (c), and it 
shows signal dropout on T2w images with fat saturation 
(d) because of intralesional fat. No signs of restriction of 
the signal at DWI study (b0–b1000, ADC map: e–g). The 
lesion appears hypointense on T1w with fat satura-

tion  (FS) (h) and shows heterogeneous slight enhance-
ment after injection of gadoxetate disodium during arterial 
phase (i). The nodule has rapid washout and appears 
hypointense in portal and delayed phases (j, k). On hepa-
tobiliary phase  (HPB), 15  min after contrast medium 
injection (l), the lesion is markedly hypointense: hepato-
cyte nuclear factor 1α-mutated adenoma (“steatotic” ade-
noma) at biopsy

L. Grazioli et al.
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Other lesions in the same clinical setting, such 
as FNH (especially in the presence of atypical 
findings like the absence of central scar, fat infil-
tration, or regressive changes within the nodule), 
can mimic HCAs, but iso- or slightly hyperinten-
sity on T1w and T2w sequences, lack of washout 
in the dynamic evaluation, and hyperintensity on 
hepatobiliary phase are peculiar for FNH 
(Kaltenbach et  al. 2016). Furthermore, in rare 
cases, I-HCAs and β-catenin HCAs may mimic 
FNH, showing iso-hyperintensity in the hepato-
biliary phase (Fig. 6). This could happen, using 
contrast media with hepatocyte affinity, when 
there is an overexpression of the organic anionic 
transport protein (OATP1B1 and OATP1B3), 
which mediates the uptake of gadoxetic acid or 
Gd-BOPTA into the hepatocyte. Clinical infor-
mation, such as obesity, alcohol consumption, 
and use of oral contraceptives, may help to distin-
guish them in these cases correctly, but a biopsy 

is mandatory for the definitive diagnosis (Agarwal 
et al. 2014).

Another situation that may determine the dif-
ficulty in terms of differential diagnosis is the 
presence of fat and abundant vascular structures 
within the lesion (PEComas) (Fig. 7).

Given that the introduction of liver-specific 
contrast agents has improved diagnostic accuracy 
for benign hepatocellular lesion, according to the 
recently published EASL clinical practice guide-
lines, there is not a preferred MRI contrast agent, 
nor are there data indicating diagnostic superior-
ity of one agent over another. However, some 
studies suggest that Gd-EOB-DTPA is more 
accurate than Gd-BOPTA when it comes to dif-
ferentiating between HCAs and FNHs, especially 
if the lesion is intrinsically hyperintense on pre-
contrast T1-weighted images, due to glycogen 
content or hemorrhage within the lesion 
(Vanhooymissen et al. 2019).

i j

k l

Fig. 2 (continued)

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma
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a b

c

d

e

f

Fig. 3 45  years old, female, asymptomatic; incidental 
finding on US examination. Large hyperechoic mass at 
US (a), not significantly vascularized at color Doppler 
evaluation (b). At MR examination, the lesion in S4b is 
slightly hyperintense on T2w images (c); it appears isoin-
tense on T1 in-phase acquisition (d) and shows intense 
signal drop on T1 opp-phase acquisition (arrow in e) 
because of intralesional steatosis. No signs of restriction 
of the signal at DWI study with b values 50 (f) and 800 (g) 

and ADC map (h). The lesion appears hypointense on 
T1w with fat saturation (j) and shows mild enhancement 
after injection of gadoxetate disodium during arterial 
phase (l). The nodule has rapid washout and appears 
hypointense in portal and delayed phases (k, l). On HPB, 
15 min after contrast medium injection (m), the lesion is 
markedly hypointense. The nodule shows 18FDG avidity 
at PET-CT (n). Hepatocyte nuclear factor 1α-mutated 
adenoma (“steatotic” adenoma) at biopsy

L. Grazioli et al.
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Fig. 3 (continued)

g h

i
j

k

l

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma



12

m n

Fig. 3 (continued)

a

Fig. 4 38 years old, male, acute pain in right hypochon-
drium. On US examination (a), a large heterogeneous 
lesion in VIIIs, without evident intralesional vasculariza-
tion at color Doppler evaluation, suspected for atypical 
cavernous hemangioma. At MR examination, on T2w 
images (b), it appears almost homogeneously isointense 
in the right posterior part (*) and hyperintense, with some 
hypointense irregular components in its left anterior part 
(arrow). The central portion of the lesion appears hyperin-
tense in unenhanced T1w images (c), as for intraparen-

chymal bleeding. After Gd-BOPTA injection, the lesion 
shows intense enhancement in its central portion during 
arterial phase (d) with rapid washout in the next dynamic 
acquisitions, while the left anterior part remains hypoin-
tense (e–g). At MRI evaluation after pre-surgical emboli-
zation, the lesion shows cystic degeneration (arrow in h) 
on T2w images and heterogeneous hyperintense signal on 
T1w (i): β-catenin-mutated adenomas with foci of HCC at 
histologic examination after surgery

L. Grazioli et al.
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Fig. 4 (continued)

f g

h i

b c

d e
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a b

c d

e f

Fig. 5 54 years old, female, acute pain in right hypochon-
drium. On US examination (a), huge heterogeneous mass 
in right hepatic lobe that shows intense enhancement with 
central hypovascular area at CEUS (b) is found. At unen-
hanced CT (c), the lesion appears hypointense with iso-/
slightly hyper-posterior area (*). During arterial phase of 
CECT (d), it shows heterogeneous peripheral enhance-
ment, stronger and more homogeneous in the posterior 
area; on portal venous phase (PVP) (e) and delayed phases 
(f), the solid posterior area doesn’t show significant wash-
out, and the central zone presents slow pooling. At MR 
examination, two different components are confirmed: on 
T2w images (g), it appears not homogeneously hyperin-

tense in the central portion and iso/slightly hyper in its 
posterior part (*). Any lipid component is evident on T1 
in-/opp-phase acquisitions (h, i). No evident signs of 
restriction of the signal at DWI study (j, k) and ADC map 
(l). The mass is iso-/hypointense on T1w image with fat 
saturation (m). After gadoxetic acid, the lesion shows 
intense enhancement in its solid component during arte-
rial phase with rapid washout in the next dynamic acquisi-
tions (n–p). On HPB (q), the lesion is hypointense with 
some pooling in the central necrotic area; multiple other 
hypointense nodules are evident (arrows in q) in the left 
lobe: β-catenin-mutated adenomas with foci of HCC at 
biopsy

L. Grazioli et al.
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g h

i
j

k l

Fig. 5 (continued)
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HCC in non-cirrhotic liver and fibrolamellar 
HCC, because they affect the same population 
(young patients, with no history of hepatopatic 
diseases), may mimic HCAs: they show hetero-
geneously hyperintense signal on T2-weighted 
images and hypointense on T1-weighted 
sequences; they may show intense and heteroge-
neous enhancement during the arterial phase of 

dynamic study, subsequent washout, and hypoin-
tensity at hepatobiliary phase. A fat intralesional 
component can be present in HCC. Since the pre-
cise risk of malignant transformation is little 
known (5–9%) and the differential diagnosis 
between a very well-differentiated HCC and 
 borderline HCA (subtypes inflammatory and 
β-catenin) with the current pathological criteria is 

m n

o p

q

Fig. 5 (continued)

L. Grazioli et al.
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a b

c d

e f

g h

Fig. 6 44  years old, male, incidental finding. An iso-/
slightly hyperintense lesion can be seen on T1 in-/opp- 
phase acquisition (arrows in a, b) and appears isointense 
on T2w FS imaging (c); the nodule doesn’t show restric-
tion at DWI acquisition (b0–b800, ADC map, d–f). On 
T1w image with fat saturation before Gd-EOB i.v. injec-
tion (g), the nodule is slightly iso-/hyperintense. During 
arterial phase (h), it shows discrete homogeneous 

enhancement, without any washout during portal venous 
(i); during transitional phase, the lesion is iso-/slightly 
hyperintense (j). On HBP after 20′ (k), the lesion is isoin-
tense with tiny hypointense eccentric scar (arrow in coro-
nal view); not typical FNH was suspected at MRI; at 
histology (l): I-HCA—the iso-/hyperintense signal on 
HBP was the manifestation of OATP1 B3 overexpression

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma
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indeed challenging (Cogley and Miller 2014; Lee 
et al. 2014; Katabathina et al. 2011; Darai et al. 
2015), these cases should be characterized with 
immunohistochemistry (E-cadherin and metallo-
proteinases; Tretiakova et al. 2009).

American and European guidelines slightly 
differ from one another when it comes to HCA 
management: according to the former, the deci-
sion tree is based first and foremost on the size of 
the lesion, whereas the latter provides for a dif-
ferent treatment based first on patient sex and 
lifestyle changes.

However, both approaches state that with-
drawal from exogenous hormone therapy con-
sumption should be mandatory for all adenoma 
patients (surgical and nonsurgical candidates).

Management options for HCA include sur-
gery for all adenomas >5  cm, adenomas with 

dysplastic foci, and β-catenin-activated HCA, 
increasing size or imaging features of malignant 
transformation and increase in alpha-fetoprotein 
(AFP), male sex, and presence of glycogen stor-
age diseases (GSD).

Adenomas that are <5 cm and present in ana-
tomically challenging locations and those that 
undergo regression on steroid withdrawal can be 
managed conservatively with follow-up imaging 
(CT/MRI) at 6- to 12-month intervals for the first 
2 years. Following this, annual imaging may be 
modulated based on lesion stability and growth 
patterns (EASL Clinical Practice Guidelines on 
the management of benign liver tumours 2016; 
Vijay et al. 2015) (Fig. 8).

Pregnancy is no longer considered a contrain-
dication in HCA <5 cm; in these cases, it is rec-
ommended conservative management, with 

i j

k l

Fig. 6 (continued)
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a b

c

d

Fig. 7 A 53-year-old female patient, with multiple scle-
rosis and overactive bladder. At US, incidental finding of 
a heterogeneously hypoechoic lesion with hyperechoic 
spots in VIIIS (a). At CT the lesion in segment VIII (white 
arrow) is iso-/slightly hypoattenuating at baseline (b), 
with intense but heterogeneous arterial enhancement (c), 
followed by progressive washout during portal and late 
phase (d, e), and therefore was deemed as a possible 
inflammatory HA. In segment VII, another lesion (* in b) 
shows globular enhancement during dynamic acquisition 
(c–e), typical for cavernous hemangioma. At MRI the 
lesion in segment VIII appears hypointense on T1w in-/

opp-phase images (f, g), without detectable fat content; 
it’s heterogeneously hyperintense on T2w (h) and doesn’t 
show diffusion restriction at DWI (b0–b800) (i) or on 
ADC map (j). At the dynamic study (k–n) after gadoxetic 
acid injection, the lesion shows early and homogeneous 
arterial enhancement (l), with progressive washout during 
portal venous and transitional phases (m, n), without con-
trast uptake at hepatobiliary phase T1w images (o), and 
was categorized as possible inflammatory HA. At histo-
pathologic examination, the lesion was proven to be an 
epithelioid angiomyolipoma/PEComa
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Fig. 7 (continued)
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ultrasound monitoring every 6 weeks. Given that 
the increased level of endogenous hormones dur-
ing pregnancy has been postulated toward the 
increase in size of adenomas and that hyperdy-
namic circulation combined with increased liver 
vascularity may further increase the risk of ade-
noma rupture during the third trimester, 
HCA > 5 cm or those who experienced adenoma- 
related complications in previous pregnancies 
should undergo resection prior to pregnancy. If 
an HCA is detected incidentally during preg-
nancy, an individualized approach is to be taken 
into consideration (radiofrequency ablation 

[RFA], transarterial embolisation [TAE], or sur-
gical resection).

The diagnosis at imaging of HCAs can be 
challenging, as both benign and malignant 
lesions may simulate them; furthermore, if 
H-HCAs and I-HCAs are often typical and rela-
tively easy to characterize on MR, the same is 
not valid for B-catenin HCAs and unclassified 
HCAs.

The differential diagnosis can depend on clini-
cal/epidemiological features and imaging find-
ings (especially signal intensity and enhancement 
patterns at MR) (Kaltenbach et al. 2016).

Suspected
FNH

Contrast enhanced
imaging - preferably

MRI

Diagnosis
FNH - doubtful

Diagnosis
FNH - certain

>3 cm

<3 cm

CEUS

Diagnosis
uncertain

Biopsy

Discharge
No follow-up

needed

Confirmed
FNH

Fig. 8 Flowchart for the 
management of FNH 
(from EASL guidelines 
2016). Imaging 
modalities may include 
US, CEUS, and 
CE-MRI. For large 
(>3 cm), MRI sensitivity 
is very good. Different 
imaging modalities can 
be complementary, and 
for lesions <3 cm, where 
sensitivity and certainty 
may be less, a second 
imaging modalities, 
such as CEUS, is 
advised. If doubt 
remains after two 
imaging modalities, the 
patients should be 
referred to a specialist 
center, where 
percutaneous or 
resection biopsy may be 
considered
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2  Focal Nodular Hyperplasia 
(FNH)

Focal nodular hyperplasia (FNH) is the second 
most common benign hepatic tumor (8–9% of all 
primary hepatic tumors). Its origin is probably 
due to the presence of a vascular abnormality that 
under hormonal stimulation determines a 
 hyperplastic response with ensuing disorganized 
growth of hepatocytes and bile ducts representing 
a hamartomatous malformation.

In a normal liver, the artery within the portal 
tract supplies the peribiliary vascular plexus, the 
portal vein wall, and the portal tract interstitium. 
FNH results from portal tract injury, leading to 
arterioportal or hepatic venous shunts, arterial-
ized sinusoids with hepatocellular hyperplasia, 
and, often, cholestasis. Portal tract remodeling 
leads to ductular reaction and portal-periportal 
fibrosis. Arterial hyperperfusion (and resultant 
hyperoxemia) leads to increased expression of 
vascular endothelial and somatic growth factors 
and activation of hepatic stellate cells, which are 
thought to be responsible for the formation of the 
characteristic central scar (Roncalli et al. 2016). 
FNH is more frequent in females (8:1) and in the 
third–fifth decades, in most cases with a history 
of oral contraceptive consumption (Cogley and 
Miller 2014; Neri et al. 2016). Frequently FNH 
nodules are incidental findings, generally asymp-
tomatic, or can determine vague abdominal pain 
(10–15%) if very large (>5 cm) or pedunculated. 
FNH typically presents as a single lesion in 70% 
of patients and with two to four lesions in the 
remaining 30%. In 10–20% of cases, it is associ-
ated with the presence of one or more hemangio-
mas (Cogley and Miller 2014; Katabathina et al. 
2011; Jharap et al. 2015).

Histologically it appears as a homogeneous 
mass formed by aggregation of nodules of orga-
nized connective tissue and liver parenchyma, 
with well-definite margins and fibrous septa; 
rarely it may contain fat, triglycerides, and glyco-

gen. Lesions more than 5 cm frequently show a 
central scar which consists of fibrous connective 
tissue, inflammatory cell infiltration, cholangio-
cellular proliferation, and malformed vessels 
(arteries, capillaries, and veins) (Katabathina 
et al. 2011).

At US, FNH is usually lobulated isoechoic or 
slightly hypoechoic (especially in the steatotic 
liver); hypoechoic halo can be observed. In 20% of 
the cases, a central, slightly hyperechoic scar can be 
visualized. At color Doppler examination, a central 
feeding artery with a stellate or spoke- wheel appear-
ance can be identified (Cogley and Miller 2014).

On unenhanced CT, FNH is seen generally as 
a solitary lesion with central focal low attenua-
tion scar (30%) surrounded by well-defined 
homogeneously iso-/slightly hypoattenuating tis-
sue. Calcifications may rarely be present in the 
scar (1–2%) (Kaltenbach et al. 2016; Katabathina 
et al. 2011).

At MR examinations, FNHs generally appear 
homogeneously iso- or mildly hypointense on 
T1- and T2-weighted sequences (Figs. 9 and 10).

Rarely (but more often in steatotic livers), 
FNH may contain fat (with a dropout of signal 
intensity on T1-weighted out-phase acquisition), 
and in this case, it can mimic hepatocyte nuclear 
factor 1- alpha mutated type (H-HCA) (Jharap 
et al. 2015; Vijay et al. 2015). Usually the diagno-
sis of steatotic FNH can be reached on imaging 
with very high specificity, as long as all common 
imaging findings are observed in the lesion, and 
in particular the homogeneous or heterogeneous 
iso-hyperintensity on hepatobiliary phase images 
(Ronot and Vilgrain 2014) (Fig. 11).

In the literature, the sensitivity of contrast- 
enhanced ultrasound for the diagnosis of FNH 
varies depending on the studies between 80 and 
100%, with a specificity value between 85 and 
95%. Early, centrifugal, spoke-wheel arterial 
contrast uptake is the typical pattern of enhance-
ment at CEUS; nodule appears hyperechoic at the 
end of the arterial phase, and it is iso- or dis-
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a b

c d

Fig. 9 74 years old, male, chronic diarrhea after return-
ing from a trip to Thailand. Incidental finding at CT.  In 
IVs an isodense lesion at unenhanced CT (a) shows 
intense and homogeneous enhancement during arterial 
phase (* in b) and appears isodense on PVP (c). On MR 
examination, the lesion is iso-slightly hypointense on T1 
in-phase acquisition (* in d) and appears more hypoin-
tense on T1 opposed-phase sequence (e) for likely small 
intralesional steatosis; on T2w images (f), it appears fairly 

hyperintense. On DWI images (h), the mass shows signs 
of restriction, and it appears hypointense on ADC map 
(g). On T1w image with fat saturation before contrast 
medium injection (i), the nodule is fairly hypointense. 
After Gd-EOB, the lesion shows very rapid and intense 
enhancement during arterial phase (j); during PVP (k) and 
delayed (l) phases, it appears hyperintense. On HBP (m), 
the lesion is markedly hyperintense: FNH without any 
scar

L. Grazioli et al.
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Fig. 9 (continued)
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cretely hyperechoic in the portal and late phases 
(Dioguardi Burgio et al. 2016).

Both on CT and MR, after contrast media 
administration, during the arterial phase, FNH is 
homogeneously and strongly enhanced (96%) 
except for the central scar. During portal phase, it 
becomes isodense/isointense to the liver 
 parenchyma, and the central scar remains rela-
tively hypodense/hypointense. In MRI using a Gd 
chelate contrast medium with long interstitial 
phase, the central scar shows enhancement in the 
delayed phase (presence of abundant myxomatous 
stroma); differently, using  Gd-EOB–DTPA, the 

scar often remains hypointense also in the delayed 
phase. With hepatobiliary MR contrast agents, the 
sensitivity for diagnosing FNH has increased up to 
90%. Iso-hyperintensity on the hepatobiliary 
phase has high sensitivity and specificity to dif-
ferentiate FNH from HCA with Gd-BOPTA or 
gadoxetic acid MRI (92%–96.9% and 91%–100%, 
respectively). On the hepatobiliary phase, FNH 
appears more frequently iso-hyperintense with 
respect to the surrounding liver, without or with 
hypointense central scar (Katabathina et al. 2011; 
Darai et al. 2015; Grazioli et al. 2013; Hartleb and 
Gutkowski 2011).

Fig. 9 (continued)
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c
d

Fig. 10 24 years old, female, hyperechoic mass in VS, 
incidental finding during US for right hypochondrium dis-
comfort. At MR examination, the lesion located in VS, 
with partial exophytic development, appears iso-slightly 
hypointense on T1 in/opp phases (a, b), with tiny hypoin-
tense central scar (arrow in b); on T2w images (c), it’s 
isointense, and the scar appears slightly hyperintense. The 
mass doesn’t show restriction on DW imaging (B800, 
ADC map: d, e). During dynamic study before and after 

Gd-EOB injection (f–i), the mass shows very intense 
enhancement during arterial phase (g) and becomes pro-
gressively isointense in PVP (h) and slightly hyperintense 
on delayed phase (i); because of Gd-EOB short interstitial 
distribution and rapid hepatocellular uptake, central scar 
doesn’t show significant enhancement in any phase of this 
dynamic study, and the lesion appears brightly hyperin-
tense after only 15  min (coronal view: j): typical FNH 
with central starred scar
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Fig. 10 (continued)
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Fig. 11 38 years old, female, incidental findings on US 
examination. From T1 in-phase (a) to T1 opp-phase 
acquisitions (b), the signal intensity of liver drops because 
of diffuse steatosis. In liver segment VII a lesion is isoin-
tense on in-phase (* in a) and appears heterogeneously 
hypointense on T1 opp-phase sequence (b) because of 
intralesional fat; on T2w images with fat saturation, only 
a tiny portion of the nodule appears fairly hyperintense 
(arrow in c). On T1w image with fat saturation before 

contrast medium injection (d), the nodule is fairly hypoin-
tense. After Gd-EOB administration, the lesion shows 
very rapid but heterogeneous enhancement (e); during 
PVP (f) and delayed (g) phases, it appears iso-/slightly 
hyperintense. On HBP, after 10′ (h) and 20′ (i), the lesion 
is isointense, with thin hypointense rim (arrow) and 
eccentric slightly hypointense area/scar (* in i); at biopsy, 
FNH with intralesional fat
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In some cases, it can have a heterogeneous 
appearance with a so-called “salt-and-pepper” 
aspect or with hyperintense ring (Vijay et  al. 
2015). Other atypical findings include nodules 
with a dominant central scar with strong hyperin-
tensity on T2-weighted imaging (Fig.  12), 
 pseudocapsule that can mimic true capsule, and 
washout during dynamic acquisition. In atypical 
cases on imaging, liver biopsy is indicated.

Peculiar features suggesting surgical manage-
ment have to be reported: pedunculated/exo-

phytic lesions, rapid growth, and compression on 
biliary or vascular branches with functional 
parenchymal alterations (EASL 2016).

When the diagnosis is confident without any 
patient’s symptoms, follow-up imaging is not 
required. There is no indication for discontinuing 
OCPs, and follow-up during pregnancy is not 
necessary. Annual follow-up using US for 
2–3  years is prudent in women diagnosed with 
FNH who wish to continue OCP use (EASL 
2016; Marrero et al. 2014) (Fig. 13).

g h

i

Fig. 11 (continued)
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Fig. 12 54 years old, male, during US follow-up for pre-
vious colon cancer. At dynamic contrast-enhanced CT (a–
c), the lesion shows enhancement during portal venous 
phase (arrow), which was deemed as a possible hemangi-
oma. At MR examination, the lesion (arrow) appears 
hypointense on T1 in-/opp-phase acquisition (d, e). The 
nodule appears fairly hyperintense on DW images with 
different b values (arrows in 50–800; f, g); it has high val-

ues (2000  cm/s−1) on ADC map (h). Before contrast 
medium injection (i), the nodule is hypointense. After 
Gd-EOB injection during arterial phase (j), the lesion 
shows strong enhancement, without washout at portal 
phase (k). On HBP (l), the lesion presents markedly hyper-
intense peripheral rim (cellular component) and large cen-
tral heterogeneously hypointense round scar (mesenchymal 
component). At biopsy, FNH with large scar
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3  Nodular Regenerative 
Hyperplasia (NRH)

Nodular regenerative hyperplasia (NRH) is a rare 
liver condition characterized by a diffuse 
micronodular transformation of the hepatic 
parenchyma with associated portal hypertension.

There are several hypotheses behind the patho-
genesis of NRH: the “vascular hypothesis” con-
siders the chronic parenchymal ischemia related 

to a reduction of portal blood flow (due to obstruc-
tion or thrombosis of main and/or peripheral ves-
sels) as the stimulus to regenerative proliferation. 
A second theory states that NRH is a primitive 
proliferative disorder of the liver and that it is 
bound to become the cause of portal hypertension 
because of portal vessel compression by regener-
ative nodules (Maillette et al. 2010).

The alteration of portal perfusion can be trig-
gered by several causes, being autoimmune, neo-

Suspected
HCA

Contrast enhanced MRI
document size (+/- subtype)

Female
(irrespective of size)

Male
(irrespective of size)

Advise lifestyle
change

Repeat MRI after
6 months

<5 cm stable
or reduced in size

>5 cm or significant*
increase in size

1 year MRI

Stable  or
reduced size

Annual imaging Resection

Fig. 13 Flowchart for 
the management of 
presumed HCA (from 
EASL guidelines 2016). 
Baseline MRI is 
necessary to help to 
confirm a diagnosis of 
HCA and characterize it. 
In men, resection is the 
treatment of choice. In 
women, a period of 
6 month’s observation, 
after lifestyle change, is 
appropriate. Resection is 
indicated in lesions 
persistently greater than 
5 cm or increasing in 
size. In smaller lesions, 
a conservative approach 
with interval imaging 
can be adopted. In 
specialist centers 
practicing MRI 
subtyping, longer 
intervals between scans 
may be preferred for 
H-HCA
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plastic, or hematological diseases, infections, or 
drug-related causes the most common.

At US examination, NRH often cannot be 
appreciable because nodules are generally 
isoechoic to liver parenchyma; they can also 
appear slightly hypoechoic if steatosis is present. 
In these cases, at color Doppler examination, the 
nodules can show vascularity.

On non-enhanced CT, NRH is generally 
isodense to the surrounding parenchyma; some-
times, if a siderotic intralesional component is 
present, the nodules can appear slightly 
hyperdense.

At CECT, the nodules have homogeneous 
arterial enhancement, and they appear either 
isodense or slightly hyperdense on the portal and 

delayed phases (Kaltenbach et  al. 2016; 
Dioguardi Burgio et al. 2016).

On unenhanced T1w MR images, NRH is 
generally isointense or slightly hyperintense 
compared to the surrounding liver parenchyma, 
without intralesional fat.

On T2w images, the nodules can appear iso- or, 
if siderotic, slightly hypointense. After liver- 
specific Gd chelate injection, the nodules gener-
ally show rapid and progressive enhancement 
during dynamic acquisition, and they appear iso-/
hyperintense on hepatobiliary phase (the same 
with a central scar). Differential  diagnosis can be 
challenging: indeed, NRH often shows an FNH-
like appearance (Kaltenbach et  al. 2016; 
Katabathina et al. 2011; Darai et al. 2015) (Fig. 14).

a b

c d

Fig. 14 A 60-year-old man, chronic steroidal therapy for 
lumbar discal hernia; US follow-up for liver steatosis: 
multiple hypoechoic nodules suspected for metastases. 
On T1w in-phase acquisition, multiple lesions can be 
observed in all hepatic segments, iso-/slightly hypoin-
tense (arrows in a); they appears slightly hyperintense on 
T1w opp phase (b) because of parenchymal diffuse steato-
sis. At T2w imaging, the nodules are isointense (c), and 

they don’t show any restriction at DWI (d, e) or ADC map 
(f). On T1 FS acquisition, the lesions are isointense (g); 
after injection of Gd-BOPTA, they show intense enhance-
ment during arterial phase (h), and they appear slightly 
hyperintense on portal venous (i) and delayed phases after 
3  min (j) and 10  min (k). The particular of the bigger 
lesion in VII S during HBP (l): a thin scar can be noted. At 
biopsy: regenerative nodular hyperplasia

L. Grazioli et al.
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Fig. 1.14 (continued)
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4  Mesenchymal Origin

4.1  Hepatic Hemangioma

Hepatic hemangiomas (HHs) are the most com-
mon benign liver lesions with an incidence that 
may reach 20% of the general population 
(Caseiro-Alves et  al. 2007). The lesion is often 
found incidentally in asymptomatic patients dur-
ing routine radiologic examinations, but its high 
prevalence may sometimes be a diagnostic clue 
in oncologic patients or when the lesion does not 
show a typical structure, enhancement on imag-
ing techniques, or atypical T2 signal intensity at 
imaging MR, especially when the background 
liver parenchyma is altered. The lesion consists 
of blood-filled vascular cavities of different sizes, 
lined by a single layer of flat endothelial cells 
supported by connective tissue (Ishak et al. 2000). 
HH is typically fed by the hepatic artery circula-
tion, with very slow blood flow within the lesional 
vessels, being asymptomatic in the majority of 
patients. Recent retrospective cohort studies 
(Hasan et al. 2014) have shown that nearly 40% 
of HH may exhibit lesional grow, usually with a 
slow rate (2  mm/year in linear dimension and 
17.4%/year per volume). HH has been histologi-
cally categorized into three different subtypes, 
with a possible continuity in evolution among 
them: capillary, cavernous, and sclerosed. The 
pathologic structure of the lesion conditions its 
echogenicity, attenuation, signal intensity, and 
enhancement pattern at contrast- enhanced radio-
logic examinations. Moreover, the alterations of 
the background liver parenchyma may cause dif-
ferences in lesion detection and characterization, 
and for its superior contrast resolution capacities, 
MRI is considered the best imaging modality for 
detection and characterization of HHs, with high 
sensitivity and specificity (100% and 95%, 
respectively) (Rodríguez de Lope et al. 2012).

Cavernous hemangioma is the most common 
type, usually less than 3 cm in size and with few 
internal connective components, for the preva-
lence of large vascular spaces. At ultrasonogra-
phy (US), cavernous hemangioma typically 
appears as a hyperechogenic, homogeneous 
lesion with sharp outlines, frequently with poste-

rior acoustic enhancement. This pattern is related 
to histology and hemodynamic behavior (Yu 
et al. 1998). In fact, it can be related to the many 
and extensive interfaces between the vascular 
spaces and the fibrous stroma as well as to the 
slow blood flow in these large vascular spaces. 
Color and power Doppler evaluation usually does 
not show any vascular signal within the lesion, 
due to the very slow blood flow that characterizes 
it. Contrast-enhanced US (CEUS) more easily 
allows the characterization of the vascular nature 
of the lesion (Quaia et al. 2006). At unenhanced 
CT on a background of normal liver parenchyma, 
HH (<3 cm) is typically isoattenuating to vessels 
and adjacent parenchyma. The typical pattern of 
cavernous HH at contrast-enhanced examina-
tions, on CEUS, CT, or MRI (with extracellular 
contrast agents), is the presence of peripheral 
nodular enhancement in the arterial phase, with a 
centripetal progression and fill-in in the extended 
portal venous phase and late phases (Brannigan 
et al. 2004). In particular, the correlation between 
internal HH architecture and dynamic CT find-
ings in cavernous hemangiomas, showing that the 
diameters of the vascular spaces are smaller in 
the early peripheral zones of enhancement com-
pared with the central zone of progressive cen-
tripetal filling, has been analyzed in the literature 
(Yamashita et al. 1997) (Fig. 15).

Sometimes, especially in giant HH (>5 cm), a 
residual central hypodense/hypointense portion 
resembling a scar may be observed, but also in 
this pattern, the enhanced components are char-
acterized by density/intensity values similar to 
blood vessels on all phases of dynamic imaging. 
At MRI examination, the high water content of 
HH correlates to homogeneous and high signal 
intensity on T2w images and maintains hyperin-
tensity on longer echo times (TE > 120 ms), with 
low signal intensity on T1w sequences (Klotz 
et  al. 2013; Chan et  al. 2002). In the case of 
“giant” HH, a central T2w hypointense portion 
may be observed, corresponding to hyalinized or 
thrombosed areas, sometimes with calcifications, 
with incomplete contrast filling (Fig. 16).

Diffusion-weighted (DW) MRI is considered 
a useful technique for the detection and charac-
terization of focal liver lesions. Using this 
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Fig. 15 A 52-year-old male, chronic abdominal pain. US 
finding of nodular hyperechoic lesion in IIS. On T1w in/
opp imaging (a, b), the lesion appears hypointense (arrow 
in a); it’s brightly hyperintense on T2w acquisition with 
fat saturation (c). At DWI imaging (b0–b800), the signal 
intensity of the lesion is high due to shine-through effect 
(d, e), but the lesion doesn’t show restriction in the ADC 

map (f). During dynamic acquisition before and after i.v. 
administration of gadoxetic acid (g–j) with a slow flow 
injection rate (1 mL/s), the lesion shows globular enhance-
ment (arrow in h) and almost complete fulfilling during 
PVP. The lesion appears slightly hypointense after 3 min 
during transitional phase (j), and it’s markedly hypoin-
tense after 10 min (HBP in k): cavernous hemangioma
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Fig. 16 A 48-year-old, female, abdominal discomfort. 
US finding of heterogeneously hyperechoic mass in S5–
S6. At MR examination the lesion is hypointense on T1 in/
opp-phase acquisitions (a, b) and brightly hyperintense 
T2-w image (c); the lesion does not show restriction on 

b50 (d), b800 (e) and ADC map (f); at T1w images with 
fat saturation (g) the lesion is hypointense. After 
Gd-BOPTA administration (h–j) the lesion shows typical 
globular enhancement, incomplete after 5′ (j): giant cav-
ernous hemangioma
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approach, benign lesions (mostly cyst and hem-
angioma) can be correctly categorized if they 
show high signal intensity on both T2w and b0 s/
mm2, with a progressive and significant signal 
intensity decrease at high b values 500/750  s/
mm2 and an apparent diffusion coefficient (ADC) 
signal that is subjectively higher than the adja-
cent liver (Parikh et  al. 2008). Some HHs may 
demonstrate residual high signal intensity on 
high b value images (500–750  s/mm2) and are 
more difficult to characterize at the qualitative 
assessment of DW MR images. This phenome-
non, known as “T2w shine-through effect,” is 
explained by the influence of T2w properties to 
the DW images (being the other two factors 
involved in DW signal intensity the ADC and the 
spin density of the examined tissue). Moreover, 
the absence of restricted diffusion on a qualitative 
evaluation is supported by the quantitative assess-
ment on the ADC map, with values that are 
always higher than hepatic parenchyma 
(2.17 ± 0.36 × 10 − 3 mm2/s) (Duran et al. 2014).

The same peculiar aspect can be observed 
after bolus administration of EOB-DTPA due to 
its rapid hepatocyte intake. Indeed EOB vascular 
profile, in terms of globular and progressive fill-
 in, could not be typically evaluated, and, in late 
phases of dynamic evaluation, hemangiomas 
tend to appear iso- or hypointense, differently 
from what is seen when using vascular interstitial 
contrast agents (Fig. 17).

Capillary hemangioma may be observed in 
almost 16% of all HH, 42% less than 1 cm in 
size. It consists of small vascular spaces, with 

more abundant connective components, that 
may be the explanation for the different hemo-
dynamic and contrast enhancement behavior 
(Klotz et al. 2013; Vilgrain et al. 2000). It may 
appear more frequently iso-hypoechogenic at 
US, due to tight vascular spaces and faster blood 
flow, with less reverberation of acoustic echoes 
and possible demonstration of intralesional flow 
at color Doppler evaluation. In steatotic liver, 
small capillary HH may demonstrate a perile-
sional hypoechogenicity at US, corresponding 
to the hyperattenuating rim at baseline CT and 
hyperintensity on T1w “chemical shift” images 
due to peritumoral sparing of fatty infiltration. 
At CT examination, the lesion may appear 
slightly hypodense or isodense before contrast 
medium injection, with early, homogeneous, 
and rapid and intense contrast enhancement, 
that follows the aortic enhancement in each 
phase, without any washing (Caseiro-Alves 
et  al. 2007; Youssef et  al. 2015). Furthermore, 
especially in small lesions (<1 cm), a transient 
perilesional parenchymal enhancement may be 
observed, due to the presence of arterioportal 
shunting (Kim et  al. 2001, 2006). A similar 
“flash-filling” kinetic of contrast enhancement 
may be observed using CEUS and CE-MRI with 
extracellular  gadolinium contrast agents. In the 
differential diagnosis from hypervascular 
metastases, it is essential to observe delayed-
phase CT/MR lesion appearance, because HH 
remains hyperattenuating/hyperintense, whereas 
hypervascular metastases do not (Vilgrain et al. 
2000) (Figs. 18 and 19).

i j

Fig. 16 (continued)
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a b

c d

e f

Fig. 17 A 62-year-old male, hospitalization for cerebral 
stroke. At thoracic unenhanced CT, hypodense lesion in 
the liver (segment  VI). At MRI dynamic study with 
Gd-BOPTA (a–e), the lesion shows globular progressive 
enhancement, and the enhancement is complete only after 
10 min (e). At MRI dynamic study with gadoxetic acid 

(f–l), the enhancement of the lesion is recognizable in 
arterial (g), PVP (h), and transitional phase (3′ after con-
trast media injection, i); after 10′ (j), the lesion appears 
hypointense because of rapid gadoxetic acid uptake by 
liver cells and consequent intense liver enhancement on 
T1w acquisition. Sclerotic hemangioma
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Sclerosed/hyalinized hemangioma occurs when 
HH degenerates and develops extensive fibrosis, 
which usually begins at the center of the lesion, 
causing obliteration of the vascular spaces and 
changes in US echogenicity, attenuation, and signal 
intensity at MRI.  The preoperative diagnosis of 
sclerosed HH is very challenging, both for its rarity 
and for its radiological features that resemble those 
of hepatic malignancies (cholangiocarcinoma or 
metastatic lesions). The lesional heterogeneity is 
conditioned by different grades of fibrotic or hem-
orrhagic and cystic degeneration which determine 

the absence of typical early enhancement, some-
times showing a slow and inhomogeneous contrast 
progression both at CEUS, CT, and MRI, with a late 
or absent centripetal filling within the central scar. 
Moreover, if typical HH is characterized by marked 
high signal intensity on T2w MR images, sclerosed 
HH shows only slight T2w hyperintensity, more 
often at the periphery of the lesion (Vilgrain et al. 
2000; Miyamoto et  al. 2015; Ridge et  al. 2014). 
These atypical radiological structural and enhance-
ment features may cautiously suggest the diagnosis, 
which most often remains histological.

g h

i j

Fig. 17 (continued)
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Fig. 18 A 67-year-old male, suspected geographic fatty 
liver at US. On T2w imaging, a tiny bright hyperintense 
lesion (arrow in a) can be noted in VS. It appears homoge-
neously hypointense on T1 in-/opp-phase acquisition (b, 
c). No restriction of diffusivity can be observed at DWI 

(b0–b800, ADC map) (d–f). During dynamic study after 
gadoxetic acid injection (g–k), the tiny lesion shows rapid 
and homogeneous enhancement (h, i); it’s slightly hypoin-
tense at transitional phase after 3′ (j) and hypointense 
after 10′ (k): capillary hemangioma
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Fig. 1.18 (continued)
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a b

c d

e f

Fig. 19 A 55-year-old, female, US finding during staging 
for breast cancer. Hyperechoic lesion in S8 and iso-/
hypoechoic lesion in S4. At MR examination, the lesion in 
S8 is hypointense on T1 in-/opp-phase acquisition (point 
of arrow in a) and shows homogeneous hyperintense sig-
nal on T2w imaging (c); the nodule doesn’t show restric-
tion at DWI acquisition (d–f); on T1w image with fat 
saturation before contrast medium injection (g), the nod-
ule is hypointense. After Gd-EOB administration, the 
lesion shows very rapid but not homogeneous enhance-
ment during arterial phase (h): a polygonal-shaped area of 
transient enhancement surrounds it; during PVP (i), the 

lesion is homogeneously hyperintense; during transitional 
phase, after 3 min (j), it appears slightly hypointense. On 
HBP after 10′ (m), the lesion is hypointense: high-flow 
hemangioma. The lesion in S4 is isointense on T1w (a–g, 
arrow in b), T2w (c), and DWI (d–f) acquisitions; during 
dynamic acquisition, it shows intense and homogeneous 
enhancement on arterial phase (h); it appears isointense 
on PVP (i) and slightly hyperintense on transitional phase 
(j); on HPB, the lesion shows typical hyperintense periph-
eral rim (arrow in k) and central rounded hypointense 
scar: typical FNH

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma



46

References

Agarwal S, Fuentes Orrego JM et al (2014) Inflammatory 
hepatocellular adenomas can mimic focal nodular 
hyperplasia on gadoxetic acid-enhanced MRI.  AJR 
Am J Roentgenol 203(4):W408–W414. https://doi.
org/10.2214/AJR.13.12251

Brannigan M, Burns PN, Wilson SR (2004) Blood flow 
patterns in focal liver lesions at microbubble-enhanced 
US. Radiographics 24(4):921–935

Caseiro-Alves F, Brito J, EirasAraujo A, Belo-Soares 
P, Rodrigues H, Cipriano A, Sousa D, Mathieu D 
(2007) Liver haemangioma: common and uncommon 

 findings and how to improve the differential diagnosis. 
Eur Radiol 17:1544–1554

Chan YL, Lee SF, Yu SC, Lai P, Ching AS (2002) Hepatic 
malignant tumour versus cavernous hemangioma: dif-
ferentiation on multiple breath-hold turbo spin-echo 
MRI sequences with different T2 weighting and T2w- 
relaxation time measurements on a single slice multi- 
echo sequence. Clin Radiol 57(4):250–257

Cogley JR, Miller FH (2014) MR imaging of benign focal 
liver lesions. Radiol Clin North Am 52(4):657–682

Darai N, Shu R et al (2015) Atypical CT and MRI fea-
tures of focal nodular hyperplasia of liver: a study 
with radiologic-pathologic correlation. Open J Radiol 
5:131–141

g h

i
j

k

Fig. 1.19 (continued)

L. Grazioli et al.

https://doi.org/10.2214/AJR.13.12251
https://doi.org/10.2214/AJR.13.12251


47

Dhingra S, Fiel MI (2014) Update on the new classi-
fication of hepatic adenomas. Clinical, molecular, 
and pathologic characteristics. Arch Pathol Lab Med 
138(8):1090–1097

Dioguardi Burgio M, Ronot M, Salvaggio G, Vilgrain V, 
Brancatelli G (2016) Imaging of hepatic focal nodular 
hyperplasia: pictorial review and diagnostic strategy. 
Semin Ultrasound CT MRI 37(6):511–524

Duran F, Ronot M, Kerbaol A, Van Beers B, Vilgrain V 
(2014) Hepatic hemangiomas: factors associated with 
T2 shine-through effect on diffusion-weighted MR 
sequences. Eur J Radiol 83(3):468–478

EASL Clinical Practice Guidelines on the management of 
benign liver tumours (2016) J Hepatol 65(2):386–398

Gangahdar K, Santhosh D et  al (2014) MRI Evaluation 
of masses in the noncirrhotic liver. Appl Radiol 
2014:20–28

Grazioli L et  al (2013) MR imaging of hepatocellular 
adenomas and differential diagnosis dilemma. Int J 
Hepatol 374170, 20 p

Hartleb M, Gutkowski K (2011) Nodular regenerative 
hyperplasia: evolving concepts on underdiagnosed 
cause of portal hypertension. World J Gastroenterol 
17(11):1400–1409

Hasan HY, Hinshaw L, Borman EJ, Gegios A, Leverson 
G, Winslow E (2014) Assessing normal growth of 
hepatic hemangiomas during long-term follow-up. 
JAMA Surg 149(12):12661271

Ishak KG, Anthony PP, Niederau C, Nakanuma 
Y.  Mesenchymal tumours of the liver(2000) In: 
Hamilton SR, Aaltonen LA (eds) World Health 
Organization classification of tumours. Pathology and 
genetics of tumours of the digestive system. IARC, 
Lyon, pp 191–198

Jharap B, van Asseldonk DP et  al (2015) Diagnosing 
nodular regenerative hyperplasia of the liver is 
thwarted by low Interobserver agreement. PLoS One 
10(6):e0120299

Kaltenbach T, Engler P et al (2016) Prevalence of benign 
focal liver lesions: ultrasound investigation of 45,319 
hospital patients. Abdom Radiol (NY) 41:25–32

Katabathina VS, Menias CO et  al (2011) Genetics and 
imaging of hepatocellular adenomas. Radiographics 
31(6):1529–1543. https://doi.org/10.1148/
rg.316115527

Kim KW, Kim TK, Han JK, Kim AY, Lee HJ, Choi BI 
(2001) Hepatic hemangiomas with arterioportal shunt: 
findings at two-phase CT. Radiology 219(3):707–711

Kim KW, Kim TK, Han JK et  al (2006 Oct) Hepatic 
hemangiomas with arterioportal shunt: sonographic 
appearances with CT and MRI correlation. AJR Am J 
Roentgenol 187(4):W406–W414

Klotz T, Montoriola P-F, Da Ines D, Petitcolin V, Joubert- 
Zakeyh J, Garcier J-M (2013) Hepatic hemangioma: 
common and uncommon imaging features. Diagn 
Interv Imaging 94:849–859 34

Lee NK, Kim S, Kim DU, Seo HII, Kim HS, Jo HJ 
et  al (2014) Diffusion-weighted magnetic resonance 
imaging for non-neoplastic conditions in the hepa-
tobiliary and pancreatic regions: pearls and potential 

pitfalls in imaging interpretation. Abdom Imaging 
40(3):643–662

Maillette L et  al (2010) Focal nodular hyperplasia and 
hepatic adenoma: epidemiology and pathology. Dig 
Surg 27:24–31

Margolskee E, Bao F et al (2016) Hepatocellular adenoma 
classification: a comparative evaluation of immu-
nohistochemistry and targeted mutational analysis. 
Diagn Pathol 11:27

Marrero JA, Ahn J, Rajender Reddy K, ACG Clinical 
Guideline (2014) The diagnosis and manage-
ment of focal liver lesions. Am J Gastroenterol 
109(9):1328–1347

Miyamoto S, Oshita A, Daimaru Y, Sasaki M, Ohdan H, 
Nakamitsu A (2015) Hepatic sclerosed hemangioma: 
a case report and review of the literature. BMC Surg 
15:45

Neri E, Bali MA, Ba-Ssalamah A et  al (2016) ESGAR 
consensus statement on liver MR imaging and clini-
cal use of liver-specific contrast agents. Eur Radiol 
26:921–931

Parikh T, Drew SJ, Lee VS, Wong S, Hecht EM, Babb JS, 
Taouli B (2008) Focal liver lesions detection and char-
acterization with diffusion-weighted MR imaging- 
comparison with standard breath-hold T2-weighted 
imaging. Radiology 246:812–822

Quaia E, Bartolotta TV, Midiri M et  al (2006) Analysis 
of different contrast enhancement patterns after 
microbubble- based contrast agent injection in liver 
hemangiomas with atypical appearance on baseline 
scan. Abdom Imaging 31:59–64

Ridge CA, Shia J, Gerst SR, Do RK (2014 Apr) Sclerosed 
hemangioma of the liver: concordance of MRI fea-
tures with histologic characteristics. J Magn Reson 
Imaging 39(4):812–818

Rodríguez de Lope C, Reig ME, Darnell A, Forner A 
(2012) Approach of the patient with a liver mass. 
Frontline Gastroenterol 3(4):252–262. https://doi.
org/10.1136/flgastro-2012-100146

Roncalli M, Sciarra A, Di Tommaso L (2016) Benign 
hepatocellular nodules of healthy liver: focal nodular 
hyperplasia and hepatocellular adenoma. Clin Mol 
Hepatol 22(2):199–211

Ronot M, Vilgrain V (2014) Imaging of benign hepatocel-
lular lesions: current concepts and recent updates. Clin 
Res Hepatol Gastroenterol 38(6):681–688

Tretiakova M, Hart J et al (2009) Distinction of hepato-
cellular adenoma from hepatocellular carcinoma with 
and without cirrhosis using E-cadherin and matrix 
metalloproteinase. Mod Pathol 22(8):1113–1120

Vanhooymissen I, Maarten GT et  al (2019) Intrapatient 
comparison of the hepatobiliary phase of Gd-BOPTA 
and Gd-EOB-DTPA in the differentiation of hepato-
cellular adenoma from focal nodular hyperplasia. J 
Magn Reson Imaging 49(3):700–710

Vijay A, Elaffandi A, Khalaf H (2015) Hepatocellular 
adenoma: An update. World J Hepatol 7(25): 
2603–2609

Vilgrain V, Boulos L, Vullierme MP, Denys A, Terris B, 
Menu Y (2000) Imaging of atypical hemangiomas of 

Hepatic Hemangioma, Focal Nodular Hyperplasia, and Hepatocellular Adenoma

https://doi.org/10.1148/rg.316115527
https://doi.org/10.1148/rg.316115527
https://doi.org/10.1136/flgastro-2012-100146
https://doi.org/10.1136/flgastro-2012-100146


48

the liver with pathologic correlation. Radiographics 
20(2):379–397

Wang W, Liu JY et  al (2016) Hepatocellular adenoma: 
comparison between real-time contrast-enhanced 
ultrasound and dynamic computed tomography. 
Springerplus 5:951

Yamashita Y, Ogata I, Urata J, Takahashi M (1997) 
Cavernous hemangioma of the liver: pathologic 
correlation with dynamic CT findings. Radiology 
203(1):121–125

Youssef E, Baron RL, Elsayes KM (2015) Diagnostic 
approach of focal and diffuse hepatic diseases, Chapter 
2. In: Elsayes KM (ed) Cross-sectional imaging of the 
abdomen and pelvis: a practical algorithmic approach. 
Springer, New York, pp 11–76

Yu JS, Kim MJ, Kim KW, Chang JC, Jo BJ, Kim TH et al 
(1998) Hepatic cavernous hemangioma: sonographic 
patterns and speed of contrast enhancement on mul-
tiphase dynamic MR imaging. AJR Am J Roentgenol 
171(4):1021–1025

L. Grazioli et al.



49© Springer Nature Switzerland AG 2021 
E. Quaia (ed.), Imaging of the Liver and Intra-hepatic Biliary Tract,
Medical Radiology Diagnostic Imaging, https://doi.org/10.1007/978-3-030-39021-1_2

Inflammatory Liver Lesions

Anna Sara Fraia, Silvia Brocco, and Emilio Quaia

Contents
1     Pyogenic Abscess   49
1.1  Definition and Epidemiology   49
1.2  Etiology   50
1.3  Clinical Aspects, Management, and Prognosis   52
1.4  Multimodality Imaging   52

2     Inflammatory Pseudotumor of the Liver   58
2.1  Definition and General Features   58

 References   62

Abstract
Inflammatory lesions, such as pyogenic 
abscess and inflammatory pseudotumor, rep-
resent an important subgroup of focal liver 
lesions. As they could mimic primary or meta-
static tumor, the knowledge of radiological 
features of these inflammatory diseases in a 
multimodality approach allows to differentiate 
them between other entities, early establishing 
diagnosis and management of the patient.

1  Pyogenic Abscess

1.1  Definition and Epidemiology

Hepatic abscess can be defined as a localized or 
multifocal collection of suppurate material in the 
liver associated with destruction of liver  paren-
chyma and stroma (Oto et  al. 1999), caused by 
invasion and multiplication of bacterial, parasitic, 
or, more rarely, fungal pathogens (Lardière- 
Deguelte et  al. 2015). Frequently the etiology 
could be mixed (pyogenic superinfection of para-
sitic abscess).

Among the several liver diseases caused by 
bacterial infections, such as granulomatous dis-
ease and acute hepatitis, pyogenic abscess (PA) is 
a relatively uncommon entity characterized by a 
varying epidemiology according to geographical 
regions but still burdened by significant morbid-
ity and mortality worldwide (Kaplan et al. 2004).
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In the early 1900s, mortality was as high as 
75–80% (Huang et  al. 1996). Recently, the 
improvements in antibiotic therapy and inter-
ventional procedures for the treatment of PA 
markedly decreased mortality, ranging from 10 
to 40% (Law and Li 2012); however, it still 
remains high, making early diagnosis of PA 
important to improve clinical outcome (Mavilia 
et al. 2016).

Prevalence of PA is higher in East Asian coun-
tries, and it is endemic in some areas, such as 
Taiwan, where the estimated incidence increased 
from 10.8 to 15.4 cases per 100,000 per year 
between 2000 and 2011 (Chen et al. 2016).

In contrast, the incidence of bacterial abscesses 
is lower in Europe and Canada, ranging from 1.1 
to 2.3 cases per 100,000 per year (Kaplan et al. 
2004; Jepsen et al. 2005), but it represents about 
80% of the total hepatic abscesses that occur in 
Western countries (Lardière-Deguelte et  al. 
2015).

American studies suggest a male PA predomi-
nance describing that incidence is 3.92 cases per 
100,000 per year for male compared to 1.87 cases 
per 100,000 per year for female; furthermore, it 
was reported a correlation with increasing age 
because older individuals are more susceptible to 
bacterial infection and thus abscess formation 
(Sharma et al. 2018).

As shown by several recent population-based 
studies from different countries, these data will 
likely change in the nearby future: the rising fre-
quency of hepatobiliary interventions (e.g., 
ERCP, RFA, and TACE), the higher prevalence of 
liver transplantation, the frequency of organisms 
with multidrug resistance, and the predisposing 
medical conditions are already modifying the PA 
global incidence, which will increase especially 
in Western world (Sharma et al. 2018; Meddings 
et al. 2010).

Particularly, risk factors predisposing patients 
to develop PA are male gender, advanced age, 
diabetes mellitus (Lee et al. 2001), liver cirrhosis 
(Mølle et  al. 2001), general immune- 
compromised state (Eltawansy et al. 2015), and 
use of proton pump inhibitor (PPI) medications 
(Wang et al. 2015).

Other factors contributing to higher mortality 
rates include malignancy, multiorgan failure, 
respiratory distress, hypotension, PA rupture, 
large abscess size (<5 cm), jaundice, and extrahe-
patic involvement (Chen et al. 2014).

1.2  Etiology

PA etiopathogenesis is multifactorial and depends 
on the variability in geographical region, the pre-
disposing factors, and the source of initial infec-
tion. Based on the underlying conditions, PA can 
be divided into three main subgroups that can 
overlap: infectious, malignant, and iatrogenic 
(Mavilia et al. 2016).

1.2.1  Infectious
Bacteria can gain access to the liver from biliary 
tract diseases, hematogenous dissemination of a 
gastrointestinal infection via the portal vein, sys-
temic bacteremia via the hepatic artery, direct 
extension from a contiguous septic focus, or 
trauma (Huang et  al. 1996). Around 20% of 
PAs are still cryptogenic, with unknown etiology.

The most frequent causes are the biliary dis-
eases, which represent approximately 40–50% of 
cases (Meddings et  al. 2010). Biliary duct 
obstruction, especially if partial, due to gallstone 
disease, malignancy (cholangiocarcinoma), stric-
tures (sclerosing cholangitis), or congenital dis-
ease (e.g., Caroli disease), causes proliferation of 
bacteria in the biliary tract, ascending cholangi-
tis, and invasion of liver parenchyma.

Portal pyaemia may be leaded by intra-
abdominal infections with gastrointestinal or 
pelvic source, such as appendicitis (Kumar et al.  
2015), empyema of the gallbladder, diverticulitis 
(Murarka 120 et al. 2011), regional enteritis, 
perforated gastric or colonic ulcers, pancreatitis 
(Ammann et al. 1992), infected hemorrhoids, and 
leaking gastrointestinal anastomoses.

Formation of liver PAs can be associated with 
non-metastatic colon-rectal cancer, because of 
tumor erosion of the mucosa, bacterial invasion 
of portal vessels, and thus liver infection (Jeong 
et al. 2012).
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Traumatic and penetrating accidents may 
cause direct inoculation and bacterial liver 
seeding.

Systemic bacteremia usually causes multiple 
abscesses, while solitary abscess originates from 
spreading of contiguous tissue infection. Direct 
invasion of pathogens can follow cholecystitis 
and subphrenic or perinephric abscess.

1.2.2  Malignant
Malignant liver abscess can follow secondary 
infection of primary or metastatic tumor and a 
superinfection of spontaneous necrosis (Mavilia 
et al. 2016).

Pyogenic abscess may be the initial manifes-
tation of HCC  due to the infection of central 
necrosis or secondary to the ascending cholangi-
tis leading to tumor biliary obstruction. More 
rarely, PA could complicate hepatic localization 
of metastatic melanoma, colon-rectal cancer, 
esophageal carcinoma, and pancreatic cancer.

1.2.3  Iatrogenic
Patients affected by inoperable HCC or hepatic 
metastases may undergo local treatment of liver 
lesions by transarterial chemoembolization 
(TACE) or radiofrequency ablation (RFA) (Shin 
et al. 2014). PA may develop following these pro-
cedures: TACE and RFA induce necrosis of the 
tumor and the contiguous hepatic parenchyma 
and produce directly and indirectly immunosup-
pressive effects (Huang et  al. 2003; Sun et  al. 
2011). In literature, the incidence of PA after 
TACE and RFA has been reported to range from 
0 to 1.4% (Shin et al. 2014) and 0.1–0.7% (Iida 
et al. 2014), respectively.

High risk of iatrogenic PA is related to several 
surgical, endoscopic, or radiological procedures, 
despite the use of prophylactic antibiotic therapy. 
More frequently, the placement of biliary stent-
ing, enterobiliary anastomosis, and sphincterot-
omy may lead to develop abscesses 
(Montvuagnard et al. 2012).

Hepatic arterial injury during surgery (e.g., 
cholecystectomy or arterial embolization of 
abdominal trauma) can induce ischemic necrosis 
and subsequent development of PA.

Hepatic arterial thrombosis complicating 
liver transplant may be also associated with 
development of pyogenic abscesses. Also, the 
immunosuppressive drugs in transplant recipi-
ents, systemic chemotherapies, inherited immu-
nodeficiency syndromes, and acquired 
immunodeficiency states (HIV/AIDS) could be 
considered in etiology of PA (Lardière-Deguelte 
et al. 2015).

Depending on the source of initial infection, 
several bacteria, aerobes and anaerobes, can be 
involved in PA formation. If the bacteria derive 
from the gut, such as in PA associated with bili-
ary disease and intra-abdominal sepsis, the prev-
alent causative agents are Escherichia coli, 
Klebsiella pneumoniae, Streptococcus faecalis, 
and Proteus vulgaris.

Prior to 1980, Escherichia coli was the most 
common pathogen that caused PA (Keller et al. 
2013), and most abscesses were polymicrobial, 
ranging from 11 to 65% (Johannsen et al. 2000), 
but during the past two decades, this trend has 
changed. Highly virulent strains of K. pneu-
moniae, particularly serotypes K1 and K2, have 
emerged as the predominant isolate in patients 
particularly from Asia (Li et  al. 2010), United 
States (Rahimian et al. 2004), and Europe (Moore 
et al. 2013), and this trend tends to spread glob-
ally (Turton et al. 2007). This may be related to 
rising incidence of diabetes mellitus and more 
susceptibility of diabetic patient to K. pneu-
moniae infections. Furthermore, K. pneumoniae 
distant infections, including endophthalmitis, 
meningitis, septic pulmonary emboli, and empy-
ema, appear to be associated with developing of 
occult liver PA (Webb et al. 2014). Other caus-
ative pathogens include Staphylococcus and 
Streptococcus species associated with direct 
trauma and percutaneous procedures or emboli-
zation or Yersinia enterocolitica in patient with 
hemochromatosis (Johannsen et  al. 2000). 
Resistant Enterobacter or Pseudomonas species 
can cause liver abscesses, also as a complication 
following biliary stenting and endoprosthesis. 
Rare cases include Brucella species, Nocardia 
species, Clostridium perfringens, and 
Mycobacterium species (Meddings et al. 2010).
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1.3  Clinical Aspects, 
Management, and Prognosis

PA diagnosis may be quite difficult based on the 
clinical manifestations, because signs and symp-
toms are highly variable and non-specific. The 
most common clinical features are fever, severe 
right-sided abdominal pain with hepatomegaly, 
hypotension, nausea, and vomiting, but the onset 
may be more insidious in clinically occult 
(“cold”) abscesses, which cause only weight loss 
and vague abdominal tenderness. Multiple 
abscesses are more often acute, associated with a 
timely diagnosis. Occasionally, patients may 
present with peritonitis and sepsis as a sign of the 
rupture of the abscess. If the abscess causes a dia-
phragmatic irritation, the patient may refer right 
shoulder pain, cough, and pleural rubbing. 
Jaundice is usually a late manifestation, unless 
there is an underlying biliary disease (Mohsen 
et al. 2002; Singh et al. 2013).

Approximately 80% of abscesses involves the 
right liver lobe and less commonly the left liver 
lobe (15%) or both (5%) liver lobes (Singh et al. 
2013).

Laboratory findings are non-specific and 
include hypoalbuminemia and elevated levels of 
blood cell count, C-reactive protein, aspartate 
aminotransferase, alanine aminotransferase, 
alkaline phosphatase, gamma-glutamyl transpep-
tidase, and total bilirubin.

Laboratory testing and clinical manifestations 
alone are not diagnostic, as they need correlation 
with imaging features.

Management of PAs depends on the pathogen 
and the source of infection and patient’s clinical 
underlying conditions.

In general, both early and proper antibiotic 
therapy and imaging-guided or surgical drainage 
are the mainstay of treatment. Early diagnosis 
and CT-/US-guided percutaneous drainage 
reduced the mortality rates, from 65 to 2–12% 
(Mohsen et al. 2002; Huang et al. 1996) and the 
need for open surgery. Small liver  abscesses 
(<5 cm in diameter) are successfully treated by 
antibiotic therapy, without any need of drainage 
(Lardière-Deguelte et al. 2015).

1.4  Multimodality Imaging

Early diagnostic definition and treatment require 
correlation between clinical, laboratory, and 
imaging features. Imaging is essential for diagno-
sis and for specific antimicrobial therapy. CT- or 
US-guided percutaneous needle aspiration of 
pus, eventually associated with placement of 
drainage, allows to isolate pathogen.

Diagnosis of PA is made by imaging in 90% 
of cases (Lardière-Deguelte et al. 2015). The pri-
mary methods of diagnostic imaging are conven-
tional ultrasound (US) and computed tomography 
(CT), respectively, with 85% (Lin et  al. 2009) 
and 97% (Halvorsen et al. 1984) of sensitivities.

The radiological features of PA depend on 
size and pathologic stage of the abscess forma-
tion. In the early phase, the abscess frequently 
appears as microabscesses (<2 cm) with a scat-
tered distribution into hepatic parenchyma or as 
a cluster of multiple small lesions focally 
coalescing into a single larger cavity (Jeffrey 
et al. 1988). The diffuse miliary pattern typically 
occurs in sepsis caused by staphylococcal infec-
tion, while the cluster pattern is associated with 
enteric origin of infection, especially by coli-
form bacteria. During evolution, the abscess cav-
ity may appear as unilocular or multilocular 
cystic lesion filled by purulent material and lined 
by a fibrous cuff.

1.4.1  US and CEUS
The sonographic pattern of PA is correlated with 
its evolution. In the initial phase, it may appear as 
an ill-defined hypoechoic area with a surround-
ing hypervascular liver parenchyma, demon-
strated at the color Doppler ultrasound (CDUS). 
The colliquative phase is characterized by an 
anechoic area with hyperechoic spots in suspen-
sion, increased posterior acoustic transmission, 
and lateral acoustic shadows (Figs.  1 and 2). 
During the resolution phase, the lesion tends to 
reduce in size according to the progressive reduc-
tion of the liquid component (Ralls et al. 1987).

Microabscesses appear as hypo-anechoic nod-
ules or ill-defined areas of distorted liver paren-
chyma, while larger abscess may appear as 
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hypoechoic lesions or hyperechoic areas, accord-
ing to the varying presence of internal thickened 
septa and debris (Mortelé et  al. 2004). In this 
case, the PA may simulate a solid mass, espe-
cially in K. pneumoniae monomicrobial hepatic 
abscess (Hui et al. 2007).

At unenhanced US, factors as acoustic 
through-transmission and absence of internal sig-
nal at  Doppler US may help to differentiate 
PA  from solid neoplasm, but if the necrosis is 
predominant within the lesion, diagnosis may be 
challenging. In this case, CT, MR, and also 
contrast- enhanced ultrasound (CEUS) may allow 
to characterize the lesion and to make diagnosis.

On CEUS, the characteristic features of PA 
after microbubble injection are the rim enhance-

ment in arterial phase, the progressive washout 
of the lesion during the late phase, and the 
enhancement of septa with a honeycomb appear-
ance in loculated abscesses. Based on these three 
findings, Popescu et  al. suggested that CEUS 
may be more accurate than conventional US in 
detecting abscesses. They evaluated 41 patients 
with confirmed diagnosis of liver abscess and 
concluded that the method provides a definitive 
diagnosis in 93% of cases (Popescu et al. 2015). 
In contrast, according to Liu et al., these findings 
are not specific: they examined patients with 
various focal liver lesions and demonstrated that 
other entities such as infected granulomas and 
inflammatory pseudotumors may show periph-
eral or septal enhancement and late phase wash-
out (Liu et al. 2008). Therefore, it may be difficult 
to make a conclusive diagnosis by CEUS as sug-
gested by Popescu et  al., although CEUS may 
better detect the presence of septations within the 
abscess and the consistency of the central area, 
guiding a better treatment approach.

1.4.2  CT
 CE-CT represents an important method to detect 
abscess, to define the underlying clinical condi-
tion of the patient, and to reveal vascular, biliary, 
or systemic complications.

Particularly, among the complications of 
hepatic abscess, the most frequent are septic 
shock, empyema, thoracoabdominal fistula, right 
pleural effusion, portal thrombosis, inferior vena 
cava thrombosis, gastric perforation, pancreatitis, 
peripancreatic abscess, intra-abdominal collec-
tions, and peritonitis (Reyna-Sepúlveda et  al. 
2017).

A variety of CT aspects can be recognized, 
depending on the number and size of the 
lesions, the source of infections, and the under-
lying clinical patient’s conditions. In case of 
single abscess, the radiological manifestations 
range from non- loculated fluid collection to 
multiloculated cystic mass and solid (phleg-
monous) process (Halvorsen et al. 1984; Alsaif 
et al. 2011). Multiple abscesses may present a 
miliary or a cluster pattern distribution, with 

Fig. 1 Ultrasound (US) demonstrates a large, well- 
defined abscess in colliquative phase, as an anechoic 
lesion with fine internal echoes in suspension localized in 
right hepatic lobe

Fig. 2 Ultrasound shows synchronous pyogenic liver 
abscess and acute cholecystitis. The abscess (calipers) 
appears as an anechoic lesion with small internal echoes 
in suspension
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evidence  of multiple low attenuation lesions 
scattered into liver parenchyma (miliary distri-
bution) (Fig. 3a–c) or evidence of  aggregation 

in a localized area and coalescence into a larger 
abscess (Fig.  4a–d) (“cluster sign”) (Jeffrey 
et al. 1988).

a b c

Fig. 3 Multiple small nodules representing pyogenic 
microabscesses scattered throughout a cirrhotic liver. 
Large ascites volume and portal vein thrombosis coexist. 
(*). (a, b) Axial arterial and portal venous phase CT show 

multiple low-attenuated nodules with a miliary distribu-
tion within the liver. (c) Axial MR image shows the signal 
void due to the portal vein thrombosis (*)

a b

c d

Fig. 4 Contrast-enhanced computed tomography (CT) of 
coalescent pyogenic abscesses in a 50-year-old woman 
who underwent liver transplantation for congenital biliary 
atresia. Splenomegaly and ascites coexist (a, b) Axial 
arterial phase CT shows peripheral enhancement of 

abscesses that aggregate in a single large cavity (cluster 
sign). (c, d) Axial portal venous phase CT shows the late 
enhancement of the outer layer, corresponding to perile-
sional edema
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The most common findings at CE-CT of PA 
are a well-defined round mass, with a central 
low attenuation fluid-filled area, and an enhanc-
ing peripheral rim, surrounded by a low attenu-
ation outer ring (Fig.  5a, b). The inner layer 
represents the pyogenic capsule that shows an 
early contrast enhancement persisting in 
delayed phases. The outer hypodense ring is a 
localized perilesional edema of surrounding 
liver parenchyma that enhances only in delayed 
phases. This appearance reflects the “double 
target sign,” a characteristic imaging features of 
PA seen on CE-CT images (Mathieu et  al. 
1985).

A transient segmental wedge-shaped hepatic 
enhancement has been associated with 
hepatic PAs. This transient hepatic attenuation is 
visible in the early phase of dynamic CT and 
equilibrates in late phases, resulting in a reduction 
of portal venous  flow surrounding the abscess, 
due to the compression of small portal venules by 
inflammatory cell infiltration, and a compensa-
tory increase in arterial inflow. Typically, the seg-
mental enhancement associated with liver 
abscesses has a wedge shape and decreases in size 
on follow-up dynamic CT: these findings  may 
help to differentiate hepatic abscess from hepatic 
tumor with segmental enhancement caused by 
portal or hepatic vein stenosis or occlusion and 
other nontumorous arterioportal shunts (Gabata 
et al. 2001).

1.4.3  MR
At MR imaging, abscess cavity may show homo-
geneous or heterogeneous signal intensity, 
depending on the protein content. Small lesions 
may enhance homogeneously similar to small 
hemangiomas (Basilico et al. 2002), but in gen-
eral, PA appears as an area of low intensity on 
T1-weighted images and of  high intensity 
on T2-weighted images (Fig. 6a).

On T2-weighted MR image, it may be visible 
the “double target sign” of the abscess wall, with 
hyperintense content of the abscess surrounded 
by an iso- to hypointense inner layer and a mod-
erately hyperintense outer layer (Fig. 6e).

Similar to dynamic CE-CT, in T1-weighted 
MR images after gadolinium administration, the 
inner layer shows an early enhancement in arte-
rial phase that persists in delayed phase (Fig. 6b–
d). Internal septations also show an enhancement 
pattern comparable to the abscess wall. The inter-
nal area of necrosis does not show enhancement, 
but on the delayed hepatobiliary phase images, a 
central pooling due to diffusion of the contrast 
agent may be seen.

A peripheral edema can be identified in 35% 
of hepatic abscesses, and it is characterized by a 
delayed enhancement in T1-weighted MR images 
after contrast medium administration and a high 
signal intensity on T2-weighted images (Balci 
et al. 1999; Mendez et al. 1994). The presence of 
peripheral edema can be used to differentiate a 

a b

Fig. 5 Hepatic and splenic pyogenic abscesses. (a, b) 
Axial arterial and portal venous contrast-enhanced CT 
images show a small abscess localized in VII hepatic 

segment (arrow), with a persisting enhanced peripheral 
rim corresponding to the enhancing pyogenic capsule. A 
second abscess is localized in the spleen (*)
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hepatic abscess from a benign cystic lesion, while 
primary or secondary hepatic malignancy may 
also be surrounded by a localized perilesional 
edema. A variety of malignant hepatic tumors, 

including intrahepatic cholangiocarcinoma, 
 scirrhous hepatocellular carcinoma, epithelioid 
hemangioendothelioma, hepatic metastasis, and 
necrotic or cystic tumor, may show arterial rim 

a b

c

e

d

Fig. 6 Magnetic resonance (MR) of pyogenic abscess 
(arrow) in a 59-year-old woman with recurrent pyogenic 
cholangitis and chronic hepatopathy. (a) Axial non- 
enhanced fat-suppressed T1-weighted MR image shows 
an iso-hypointense nodule with a necrotic core localized 
in VI hepatic segment. (b) Axial contrast-enhanced arte-
rial phase fat-suppressed T1-weighted MR image shows 
early enhancement of the inner layer of abscess wall. (c, 

d) Axial contrast-enhanced portal venous  and delayed 
phase fat-suppressed T1-weighted MR images show late 
enhancement of the outer layers, due to perilesional 
edema. The necrotic area does not show enhancement 
during dynamic phases. (e) T2-weighted image shows an 
iso-hypointense inner layer and a moderately hyperin-
tense outer layer surrounding the high signal intensity 
content of the abscess
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enhancement, and they can mimic PA in clinical 
practice. The overlap of radiological features can 
make challenging the differentiation between 
liver PA and its malignant mimickers on conven-
tional MR imaging. According to Chan et al., the 
diffusion-weighted images (DWI) and apparent 
diffusion coefficient (ADC) may allow to charac-
terize PA lesions from cystic or necrotic tumor. In 
their study, they demonstrated that cystic or 
necrotic tumors show a greater degree of signal 
drop  on high b-value DWI and a higher ADC 
value, while high viscosity pus in abscesses 
reveals a high signal intensity on high b-value 
DWI and iso-hypointensity on ADC map 
(Fig. 7a–d) (Chan et al. 2001).

Gas bubbles or air-fluid level is described in 
up to 20% of PAs, suggesting septic origin of the 
lesion (Fig. 8a–c). Nevertheless, it is possible to 
detect nonseptic gas in necrotic liver after tumor 
ablation or other similar procedures, and it repre-
sents a potential pitfall. At US, gas shows poste-
rior acoustic reverberations and shadowing, 
while at MR imaging, it appears as a signal voids 
within the abscess, better detected on 
T1-weighted GE MRI images with a long TE . In 
K. pneumoniae infection is common to see gas 
within the abscess that appears as an air-fluid 
level or numerous thin arborizing internal bands 
that resemble the turquoise mineral (“turquoise 
sign”).

a b

c d

Fig. 7 (a–c) Axial diffusion-weighted MR image shows 
internal high signal intensity of the abscess (arrow) per-
sisting even on high b-value, due to restricted water diffu-
sion. (d) Corresponding ADC map demonstrates 

decreased water diffusivity as iso-hypointensity of the 
abscess; the inter necrotic liquid  content of the abscess 
persists with high ADC value
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2  Inflammatory Pseudotumor 
of the Liver

2.1  Definition and General 
Features

Inflammatory pseudotumors (IPT), or inflamma-
tory myofibroblastic liver tumors, are rare condi-
tions characterized by exaggerated inflammatory 
response of unknown origin (Faraj et al. 2011).

IPT is believed to be, from some authors 
(Hedlund et al. 1999; Dehner 2000), a low-grade 
fibrosarcoma with inflammatory lymphomatous 
cells because it can be locally aggressive and 
multifocal and can progress occasionally to a true 
malignant tumor.

In some cases, IPT is thought to result from 
inflammation linked to trauma and surgery and 
other malignancies (Sanders et al. 2001; Maves 
et al. 1989), to immune-autoimmune mechanism 
(Stark et al. 1995), or to infection (Dehner 2000).

IPT presents feature  of acute and chronic 
inflammation with accumulation of lymphocytes, 
plasma cells, myofibroblastic spindle cells, and 
collagen as fibrous reaction. Histiocytic cells seem 
to predominate in IPT linked to infections, whereas 
myofibroblastic cells characterize the lesions to be 
considered true neoplasms (Dehner 2000).

The lesions commonly relapses  locally and 
rarely metastasize to distant sites; there are sev-
eral studies of histologic predictors of aggressive 
behavior of IPT (presence of ganglion-like cells, 
p53 expression, aneuploidy, absence of ALK 
expression) (Hussong et  al. 1999; Jiang et  al. 

2009; Coffin et al. 2007; Mariño-Enríquez et al. 
2011); but there are case reports of spontaneous 
regression of IPT reflecting its inflammatory 
nature (Sugiyama and Nakajima 2008).

It was first observed in the lung by Brunn in 
1939, while the term IPT was first mentioned in 
1954 because the lesion can mimic a malignant 
tumor (Umiker and Iverson 1954).

IPT has been described most commonly in the 
lung (Patnana et al. 2012) but can be found also 
in the heart, head and neck, abdomen, pelvis, gas-
trointestinal tract, mesentery, omentum, retroper-
itoneum, hepatobiliary system, genitourinary 
tract, and soft tissues of trunk and extremities 
(Coffin et al. 1995).

 IPT was first described in the liver in 1953 
(Pack and Baker 1953).

It is more frequent in children and young 
adults, affects males more than females with 
a  ratio of 8:1, (Horiuchi et al. 1990), and has a 
higher incidence in Asia.

Frequent symptoms are fever and abdominal 
pain with eventually portal hypertension and liver 
failure; sometimes signs of biliary obstruction as 
jaundice are present if porta hepatis or bile ducts 
are involved (Tang et al. 2010). Other symptoms 
include abdominal pain and weight loss.

Laboratory tests may be normal or present 
abnormalities like leukocytosis, elevated erythro-
cyte sedimentation rate, C-reactive protein, liver 
enzyme, and lactate dehydrogenase values 
(Horiuchi et al. 1990).

In some cases, liver IPT was associated with 
sclerosing cholangitis, phlebitis, retroperitoneal 

a b c

Fig. 8 Axial unenhanced (a) and contrast-enhanced hepati arterial (b) and portal venous phase (c) on CT of multiple 
abscesses localized in the right hepatic lobe. Gas (*) within the major abscess cavity is present
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fibrosis (Torzilli et  al. 2001), and 
 immunosuppressive therapy after transplanta-
tion; Epstein- Barr virus has also been implicated 
(Pollock et al. 1995).

Spontaneous regression of hepatic IPT  has 
been reported (Levy et al. 2001).

The knowledge of such entity is fundamental 
because it can affect treatment. In case of periph-
eral hepatic mass with recognized features of IPT 
and exclusion of malignancies, the patients can 
be treated with observation and nonsteroidal anti- 
inflammatory drugs. Sometimes the diagnosis is 
not clear and surgical resection may be required 
(Tang et al. 2010).

2.1.1  Multimodality Imaging
The imaging findings are heterogeneous, vari-
able, and non-specific. IPT can present as a sin-
gle or multifocal mass; most hepatic cases are 
solitary solid tumors, mainly arising from the 
right hepatic lobe. The most common differen-
tial diagnosis based on imaging is HCC (Figs. 9 
and 10).

2.1.2  US
On ultrasound images, hepatic  IPTs appear as 
hypo- or hyperechoic masses with well-defined 
or ill-defined margins (Horiuchi et  al. 1990; 
Milias et al. 2009). They can have solid or cystic 
pattern  with heterogeneous internal echotexture 
mimicking liver abscess or cystic lesions 
(Horiuchi et  al. 1990; Milias et  al. 2009; Celik 
et  al. 2005). They can present multiple inter-

nal  thin septae with posterior acoustic enhance-
ment (Nam et al. 1996).

2.1.3  CT
On non-enhanced CT, IPTs present a low attenu-
ation relative to the surrounding liver. They can 
show calcifications and present indistinct and 
irregular margins (Nam et  al. 1996; Levy et  al. 
2001).

With contrast-enhanced CT imaging, they 
usually present a variable degree of portal venous 
enhancement that can show various patterns: 
heterogeneous enhancement, homogeneous 
enhancement, enhancement of septa, peripheral 
enhancement with delayed central filling; seg-
ments with no enhancement can be also present. 
Usually they can exhibit a degree of delayed 
peripheral enhancement probably related to the 
fibrous component of the lesion (Nam et al. 1996).

Central necrosis may occur in particular in 
larger lesions (Nam et al. 1996, Levy et al. 2001). 
Mass effect with dilatation of intrahepatic biliary 
tree may be present (Horiuchi et al. 1990, Milias 
et al. 2009).

2.1.4  MR
On MR images, these masses show variable pat-
tern . They are usually hypointense in T1-weighted 
images and hyperintense in T2-weighted images. 
Heterogeneous enhancement after administration 
of gadolinium has been described with cases of 
delayed enhancement (Yan et  al. 2001; Torzilli 
et al. 2001; Horiuchi et al. 1990).
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a b c

d e f

g h i

l m n

Fig. 9  Female 53 years old with previous resection of 
sigmoid carcinoma. (a, b) Contrast-enhanced CT, portal 
venous (a) and late phase (b). Evidence of hypodense 
lesion (arrow) on late phase (c–r) MR imaging. (c–f) 
Diffusion-weighted MR imaging with b = 0 (c), b = 400 
(d), b  =  800 (e), and ADC map (f). Evidence of signal 
restriction (arrow) on diffusion-weighted imaging. Lesion 
hyperintensity on T2-w images (g) and hypointensity on 
in-phase (h) and out-of-phase (i) T1-w MRI  images 

(arrow). (l) Unenhanced and (m–r) contrast-enhanced 
MRI.  Evidence of rim-like peripheral enhancement on 
arterial phase after gadoxetic acid injection (m). Evidence 
of lesion hypointensity on portal venous (n), transitional 
phase (o–q), and hepatobiliary phase (r). Surgical speci-
men analysis revealed granulomatous fibro-inflammatory 
lesion with lymphocyte infiltration (courtesy of Prof. 
Luigi Grazioli and Dr. Barbara Frittoli)
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o p q

Fig. 9 (continued)

a b c d

Fig. 10 (a–r) Male 30 years old with persistent epigas-
tric pain and weight loss. (a) Unenhanced US.  Single 
hypoechoic lesion (arrow) 5  cm in diameter. (b–d) 
Contrast-enhanced US.  On arterial phase (b), there is 
clear enhancement (arrow) with evidence of contrast 
washout on portal venous (c) and late phase (d). 
Unenhanced (e) and contrast-enhanced CT (f–h). 
Enhancement pattern is not typical with evidence of lesion 
mild enhancement on arterial phase (f) and mild contrast 
washout on portal venous (g) and late phase (h) and evi-
dence of peripheral hypodense rim. (i–k) MR imaging. 
Lesion hypointensity on in-phase (i) and out-of-phase 

(j) T1-w MRI (arrow) and lesion mild hyperintensity with 
central core hyperintensity on T2-w MRI (k). Unenhanced 
(l) and contrast-enhanced MRI (m–p). Evidence of mild 
enhancement on arterial phase after gadoxetic acid injec-
tion (m) with evidence of peripheral hypointense rim. 
Evidence of mild lesion hypointensity on portal venous 
(n), transitional phase (o), and hepatobiliary phase (p). 
Surgical specimen analysis revealed myofibroblastic 
inflammatory lesion with lymphocyte infiltration. After 
6 months of antibiotic treatment, the lesion disappeared 
(courtesy of Prof. Luigi Grazioli and Dr. Barbara Frittoli)
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Abstract
Infectious diseases of the liver include pyo-
genic and amebic abscesses and viral, fungal, 
parasitic and granulomatous infections. 
Imaging plays a fundamental role in diagnosis 
and follow-up of infectious liver diseases. All 
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imaging modalities including ultrasonography, 
computed tomography, and magnetic reso-
nance imaging may be helpful for detection 
and characterization of most hepatic infec-
tions. In certain patients, imaging may provide 
very specific signs to characterize the pathogen 
and confidently exclude other non-infectious 
clinical entities with similar imaging features.

1  Introduction

Hepatic infections are among the diseases in 
which prompt diagnosis and treatment are crucial 
for preventing potentially devastating outcomes. 
Pyogenic and amebic abscesses are the most 
common forms of liver infections; however, 
infections due to fungal and parasitic agents are 
not uncommon. The infectious organisms may 
gain access into the liver by several ways. 
Hematogenous seeding, ascending infection 
from the biliary tract, or direct external inocula-
tion during trauma should be mentioned among 
the common routes.

As for the source organisms, the demographics 
of the liver infections are also diverse. Although 
Entamoeba histolytica is globally the most com-
mon causative organism for liver abscesses, pyo-
genic infections are the most common form of 
liver abscesses in the developed world. Adding 
more to the confusion, some parasites that are 
highly uncommon in the other parts of the world 
are endemic in certain countries, which are 
located in Asia, Africa, and South America.

Prompt diagnosis and early intervention, 
whether it is surgical, medical, or percutaneous, 
are the most crucial factors for a favorable clini-
cal outcome in the victims. This situation is even 
more important in patients with pyogenic 
abscesses or fungal infections, as these diseases 
are almost uniformly fatal if left untreated.

Cross-sectional imaging revolutionized the 
diagnosis of the liver infections. With the support 
of the suggestive patient history and demographic 
findings, the diagnosis can be made promptly and 
efficiently.

2  Pyogenic Liver Abscess

2.1  Clinical Findings

The most common routes of pyogenic liver 
abscesses in the western hemisphere are the 
ascending biliary infections and hematogenous 
dissemination from other infectious sources, like 
the diverticulitis and appendicitis. Historically, 
pyogenic liver abscesses were regarded as a fatal 
disease; however, with the advance of the diag-
nostic tools and antibiotic treatments, the mortal-
ity rates have now significantly improved. In an 
early review of 470 patients with pyogenic liver 
abscesses, diagnosed between 1954 and 1979, 
the mortality rate was as high as 57% (McDonald 
and Howard 1980), while more recent studies 
demonstrated mortality rates around 15% for 
single liver abscesses and 41% for multifocal 
liver abscesses (Ralls 1998). Lower mortality 
rates have also been described around 2% (1/54 
patients) in newer studies (Stain et al. 1991). The 
highest mortality rates were reported among the 
elderly patients with underlying malignancies 
who develop multiple liver abscesses from septi-
cemia (Land et al. 1985). Pyogenic liver abscesses 
may present as solitary or multifocal lesions, 
while solitary pyogenic liver abscesses are gener-
ally cryptogenic with no identifiable underlying 
source. In patients with multiple abscesses, 
hematogenous dissemination from the gastroin-
testinal tract, generalized septicemia, or ascend-
ing biliary infections should be considered 
(Mortele et  al. 2004). While appendicitis is the 
leading underlying abnormality in the pre- 
antibiotic era, biliary tract diseases, underlying 
malignancy, trauma, or surgery should be counted 
among the common reasons in today’s medicine 
(Ralls 1998).

The diagnosis may sometimes be problematic, 
and a delay in the diagnosis is the main contribut-
ing factor to increased patient morbidity and 
mortality. Clinical findings may be deceptive and 
indolent, without any signs or symptoms. Fever 
is not universal and may be seen in less than half 
of the patients (Halvorsen et  al. 1984). Patients 
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may present with non-specific and vague symp-
toms like weight loss, malaise, vomiting, 
anorexia, or fatigue (Benedetti et  al. 2008). 
Common causative agents are Escherichia coli 
and Klebsiella pneumoniae; however, polymicro-
bial infections are common and detected in more 
than half of the cases (Benedetti et al. 2008). The 
blood cultures are negative in a significant por-
tion of the patients, and the biochemical studies 
generally don’t point any specific agent.

2.2  Imaging Findings

Advance of the new, fast, and reliable cross- 
sectional imaging modalities had revolutionized 
the diagnosis of pyogenic liver abscesses. With 
the accumulation of the experience and the wide-
spread availability, pyogenic liver abscess is today 
a generally straightforward diagnosis, especially 
in the setting of suggestive clinical history.

2.2.1  Computed Tomography
Computed tomography (CT) is the single most 
common and successful method for diagnosing 
liver abscesses with a remarkable sensitivity as 
high as 97% (Ros et al. 2015). Several CT fea-
tures of the pyogenic liver abscesses had been 
described in the literature (Kim et al. 2007a, b). 
CT is the preferred imaging modality in patients 
with open abdominal wounds and multiple surgi-
cal drains. The classical imaging finding on CT is 
a low attenuation round mass with well-defined 
borders. The lesions can be single, multiple, loc-
ulated, or non-loculated. The so-called cluster 
sign is the most characteristic finding (Fig.  1). 
This sign basically refers to coalescence of sev-
eral neighboring infectious foci into a single, 
larger cavity (Jeffrey et al. 1984). In the wall of 
some abscesses, a high attenuation inner ring and 
a low attenuation outer zone, due to perilesional 
parenchymal edema, surrounding the abscess 
cavity may be detected, known as the “double 
target” sign (Halvorsen et al. 1984). The presence 
of gas within the cavity is another sign, which is 
highly suggestive of an abscess. Gas may be seen 

as an air-fluid level or scattered bubbles, but is 
seen  to be present in only 20% of the patients 
(Halvorsen et al. 1984). The presence of gas had 
generally been regarded as suggestive of 
Klebsiella pneumoniae abscesses (Chou et  al. 
1995; Yang et al. 1993); however, this notion has 
been challenged in a different study (Kim et al. 
2007a). The presence of gas within the abscess 
cavities tends to be more common in patients 
with diabetes (Fig. 2). There are also other help-
ful  imaging clues for Klebsiella pneumoniae 
abscesses that were reported  in the imaging lit-
erature. “Septal breakage” sign refers to arboriz-
ing patterns of septa within the abscess cavity, 
and the “turquoise” sign refers to numerous sep-
tal breakages. The “hair ball sign” defines a tan-
gled pattern of blurring amorphous hairlike 
content within the abscess cavity (Kim et  al. 
2007a). The abscesses may also be named based 
on their sizes, where lesions smaller than 2 cm 
are called as microabscesses and larger lesions 
are named as macroabscesses (Fig.  3) (Mortele 
et al. 2004).

Amebic abscess, fungal and parasitic 
abscesses, hematoma, cystadenoma/cystadeno-
carcinoma, necrotic metastases, and liver infarct 

Fig. 1 A 34-year-old man hospitalized for perforated 
appendicitis. Abdominal US revealed a heterogenous, 
partly ill-defined mass within right liver parenchyma. 
Axial postcontrast abdominal CT image showed multi-
loculated, heterogenously enhancing, hypodense lesion 
(arrows) consistent with a liver abscess. Percutaneous 
drainage revealed pus and the patient placed on IV antibi-
otic treatment
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in transplanted kidneys may all mimic pyogenic 
liver abscesses. Accurate diagnosis may be 
extremely difficult in certain situations, espe-
cially in patients with vague clinical symptoms. 
Percutaneous aspiration may be used for diagno-
sis in these cases.

2.2.2  Ultrasound
Ultrasound (US) is another commonly utilized 
modality. It is a robust and highly efficient 
modality; however, its use may be difficult in 
patients who have large body mass. In early post-
surgical period, it may be difficult to scan the 
patients with US  due to  multiple bandages 
and surgical drains. The bowel distension, which 
is not uncommon in the setting of an intraabdom-
inal infection, may also further decrease the sen-
sitivity of the study. The pyogenic abscesses are 
generally detected as focal hypoechoic lesions in 
the liver parenchyma; however, the appearance 
of an abscess may be highly variable in different 
patients. It is not uncommon to detect the collec-
tion as a complex multiseptated mass with mini-
mal fluid content (Fig.  4). Color Doppler 
sonography may be helpful by outlining the 
hyperemic ring in the periphery of the abscess 
with absence of vascularity inside the collection. 
Intense echogenicity due to gas accumulation 
within the lesion may also be problematic and 
sometimes even may end up completely over-
looking the lesion, especially in abscesses from 
Klebsiella pneumoniae and Clostridium (Hui 
et al. 2007). Special attention must be paid in the 
setting of a gangrenous cholecystitis, as abscesses 

Fig. 2 A 59-year-old woman with uncontrolled type 2 
diabetes presented with right upper quadrant pain and 
fever. Abdominal US study shows thick-walled cystic 
lesion with fluid content. Postcontrast abdominal CT 
image demonstrated a large, bilobulated lesion with air- 
fluid level within right hepatic lobe consistent with a liver 
abscess (arrows). Also note peripheral hypodense area 
representing parenchymal edema. Percutaneous drainage 
revealed pus, and cultures grew Klebsiella pneumoniae

Fig. 3 A 68-year-old woman who has undergone Whipple 
surgery due to pancreatic cancer now presenting with 
abdominal pain, fever, and septicemia. Axial postcontrast 
abdominal CT image shows multiple, small-sized, 
hypodense lesions (arrows) containing air-fluid levels. 
Findings were consistent with parenchymal 
microabscesses

Fig. 4 A 46-year-old woman who was operated for perfo-
rated appendicitis a week ago now presenting with right 
upper quadrant pain and fever. Abdominal US image 
shows a large, complex, heterogenous, predominantly 
hypoechoic lesion (arrows) within the right liver lobe sug-
gestive for a liver abscess. Subsequent abdominal CT scan 
confirmed this putative diagnosis. Image-guided percuta-
neous drainage revealed pus
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may easily be missed due to sound wave attenu-
ation from the gas (Benedetti et al. 2008).

2.2.3  Magnetic Resonance Imaging
The imaging findings of pyogenic abscesses are 
variable in the magnetic resonance imaging 
(MRI) studies. Although, MRI is generally not 
the first imaging method employed in the evalu-
ation of these patients, its increasing popularity 
and application in abdominal imaging mandates 
the radiologists to make themselves familiarize 
with the findings of liver abscesses. These 
lesions are generally of low intensity in T1- and 
high on T2-weighted  (T2W) images (Mendez 
et  al. 1994; Schmiedl et  al. 1988). The cluster 
sign is the most specific finding for a pyogenic 
liver abscess, as in CT (Fig. 5). Diffuse enhance-
ment of the cavity wall may be suggestive for an 
abscess (Doyle et al. 2006). The presence of air 
may be detected as signal-void areas on 
T1-weighted  (T1W) images, which become 
more prominent on in- phase images compared to 
out-of-phase T1W images due to magnetic sus-
ceptibility. Perilesional T2 hyperintense edema 
has been detected in 50% of the patients, but this 
finding may be unreliable, as this can also be 
detected in only 20–30% of the primary and sec-
ondary liver malignancies (Fig.  6) (Pastakia 
et al. 1988).

3  Amebic Liver Abscess

3.1  Clinical Findings

Amebic liver abscess is caused by the protozoan 
Entamoeba histolytica and is a very common 
pathogen, especially in India, Africa, Far East, 

a b

Fig. 5 A 66-year-old man who has been hospitalized 
recently for acute diverticulitis started to complain with 
right upper quadrant pain and resistant fever. (a) Axial 
T2W MR image demonstrates multiloculated, thick- 
walled hyperintense lesion (arrows). (b) Axial postcon-

trast T1W MR image of the same patient demonstrates 
intense peripheral enhancement with internal fluid content 
(arrows). Image-guided percutaneous drainage revealed 
pus

Fig. 6 A 63-year-old man with a history of bladder can-
cer and known choledocholitiasis now presenting with 
right upper quadrant pain, fever, and elevated liver func-
tion tests. T2W abdominal MR image demonstrated mul-
tiple, centrally hyperintense lesions (arrows) consistent 
with an inner cystic or a necrotic content. Also note perile-
sional hyperintensity consistent with parenchymal edema. 
Percutaneous aspiration and drainage revealed pus
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and Central and South Americas. It has been 
assumed that 10% of the world population is 
infected with this agent (Ralls 1998). Although in 
most of the patients it is clinically silent, it may 
be highly symptomatic and fatal in certain indi-
viduals. An estimated 40,000–100,000 people die 
yearly from amebiasis, making it the second most 
common leading cause of death among parasitic 
diseases (Walsh 1988). Although the disease 
symptoms have been known since the ancient 
times, the pathogen could be isolated only in 
1875 by a physician from St. Petersburg, Fedor 
Aleksandrovich Losch, in the stool and the 
colonic ulcerations of a fatal dysentery case 
(Lösch 1875).

Unlike many other protozoans, E. histolytica 
has a simple life cycle, and humans seem to be 
their natural hosts. The prevalence of the infec-
tion is extremely high in underdeveloped coun-
tries, where the barriers between the human feces 
and food and water are inadequate (Stanley 
2003). Although amebiasis most commonly 
results in asymptomatic colonization of the gas-
trointestinal tract, it can also cause hepatic dis-
ease by the ascension into the portal venous 
system. Liver involvement is the second most 
common location of the parasites after the intes-
tines. Fever, right upper quadrant pain, and diar-
rhea are the most common symptoms. Another 
distinguishing feature of amebic liver abscess is 
its tendency to cause solitary abscess in most of 
the patients, in contrast to pyogenic liver 
abscesses, which tend to be multifocal in 50% of 
the cases (Benedetti et al. 2008). Enzyme immu-
noassays are very useful in the diagnosis with 
sensitivities up to 99% and specificities of greater 
than 90% (Hughes and Petri 2000).

3.2  Imaging Findings

US and CT are the most commonly employed 
modalities for the diagnosis and are quite sensi-
tive for correct identification of the disease. 
Imaging features, alone, may not be sensitive, 
and it may be hard to reliably differentiate them 
from the pyogenic liver abscesses. Needle aspira-
tion may be helpful in some patients, especially 

who are negative serologically in the early phases 
of the disease (first 7–10 days).

3.2.1  Ultrasonography
In general, sonography is the first imaging choice 
in patients with a clinical suspicion of liver 
abscesses. This point may be even more valid in 
cases of amebic liver abscesses. There are well- 
defined sonographic diagnostic criteria for ame-
bic liver abscesses (Ralls et al. 1982):

 1. Absence of significant wall echoes
 2. Oval or rounded shape
 3. Homogenous abscess content with low-level 

internal echoes
 4. Location near or touching the liver capsule
 5. Enhanced through transmission of the sound 

waves deep to the lesion

However, only 30% of proved amebic 
abscesses demonstrate all these five features 
(Fig.  7a). Target pattern may also be detected 
with a dense echogenic center and a hypoechoic 
periphery (Ralls et  al. 1982). During the first 2 
weeks of treatment, the imaging findings may 
even look worse with enlargement of the index 
lesion (Landay et al. 1980). Successfully treated 
lesions may be anechoic or calcified (Landay 
et al. 1980; Ralls et al. 1983).

3.2.2  Computed Tomography 
and MRI

Classical CT appearance is round to oval 
hypodense lesion with well-defined borders. The 
lesion is almost always of fluid attenuation. A 
very helpful imaging finding, although not spe-
cific, is the detection of the enhancing wall 
(3–15  mm) and a peripheral zone of edema 
(Fig. 7b) (Mortele et al. 2004). The appearance of 
the collection is highly variable with septations, 
fluid-debris levels, and, rarely, gas or hemorrhage 
(Radin et al. 1988).

MR imaging findings are similar to CT find-
ings. Classically, the lesion is detected as a well- 
circumscribed lesion with wall enhancement on 
dynamic imaging.

Pyogenic infections, necrotic metastases, 
cystadenoma, cystadenocarcinoma, hematoma, 
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and infarction may all be confused with amebic 
abscesses. Epidemiologic and clinical informa-
tion are the key sources of information for accu-
rate diagnosis. Associated thickening of the 
cecum (although concomitant involvement with 
the liver is rare) and elevation of the right hemi-
diaphragm are important clues for the diagnosis. 
Individuals may present with amebic liver 
abscess after months to years of their travel to 
endemic areas; therefore, careful history with 
special attention, even to the minute details, is of 
fundamental importance. Atelectasis and transu-
dative pleural effusion, especially on the right 
side, are common findings. The presence of 
treatment- resistant cough, pleuritic chest pain, 
and respiratory distress are among the signs of 
pleuropulmonary amebiasis, which typically 
appears after abscess rupture into the chest cavity 
through the diaphragm (which occurs in 7–20% 
of the patients) (Stanley 2003). Rupture of the 
liver abscess into the peritoneum is another seri-
ous clinical situation which occurs in 2–7% of 
the patients with liver involvement. Sudden onset 
of peritonitis and shock are typical clinical find-
ings in peritoneal rupture (Stanley 2003). 
Pericardial rupture and subsequent cardiac tam-
ponade are rare and most commonly detected in 
left-sided amebic liver abscesses. This is a very 

serious clinical condition with a mortality rate of 
30% (Adams and Macleod 1977).

Urogenital and central nervous system 
involvements are rare and have been reported as 
anecdotal case reports (Stanley 2003).

4  Acute Cholangitis

Acute bacterial cholangitis (ABC) is the bacterial 
inflammation of the biliary system. Fever, pain, 
and jaundice, also called as Charcot’s triad, are 
characteristic clinical symptoms. If not treated 
properly, the symptoms may quickly progress to 
diffuse septicemia and metabolic shock. Biliary 
system obstruction due to calculi is the most 
common underlying cause, which is detected in 
around 80% of the cases (Csendes et al. 1992). 
Instrumentation of the biliary system, obstructing 
malignant disease, and sclerosing cholangitis 
may be mentioned among the other causes 
(Catalano et al. 2009).

Imaging is critical for detecting the underly-
ing abnormality and suggestive biliary and paren-
chymal features. Biliary obstruction is typical in 
obstructive cases of ABC. Associated wall thick-
ening, that is typically smooth and symmetric, is 
present in 85% of the cases (Bader et al. 2001). 

a b

Fig. 7 A 70-year-old woman with a recent history of 
travel to North Africa presented with malaise, right upper 
quadrant pain, and subclinical fever. (a) Abdominal US 
shows a well-defined, round-shaped, peripherally located, 
cystic mass (arrows) with internal echoes. (b) Axial post-

contrast CT image demonstrates the same lesion as well- 
defined hypodense cystic mass (arrows) with peripheral 
hypodense rim (arrowheads) suggestive of neighboring 
parenchymal edema. Image-guided percutaneous drain-
age confirmed hepatic amebic abscess
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Postcontrast enhancement of the intrahepatic bile 
duct walls is another characteristic imaging find-
ing (Fig. 8) and has been reported in 92% of the 
cases in patients who are evaluated with MR 
imaging (Fig.  9), most prominent in delayed- 
phase fat-suppressed sequences after contrast 
injection (Catalano et al. 2009).

Parenchymal changes are also common in 
patients with ABC, and this association is most 
likely related to the extension of the inflamma-
tory reaction into the periportal areas. Dilation 
of the peribiliary plexus and increased arterial 
blood flow have also been implicated in the eti-
ology (Bader et al. 2001; Arai et al. 2003). MRI 
is more sensitive to detect these changes, and 
increased signal intensity on T2W images 
(mostly wedge- shaped or around the peribiliary 
areas) is typical. On postcontrast imaging, 
parenchymal changes appear to be most promi-
nent on arterial phase (Fig. 10). Liver abscesses 
and portal vein thrombosis may be detected in a 
subgroup of patients with ABC (Bader et  al. 
2001). Magnetic resonance cholangiopancrea-
tography (MRCP) is the preferred test to detect 
choledochal stones and is superior to CT in this 
regard.

5  Acute Viral Hepatitis

Acute viral hepatitis is most commonly caused 
by hepatitis A, B, C, or E viruses. Clinical mani-
festations may be highly variable from no symp-

Fig. 8 A 44-year-old man with a history of recently 
implanted plastic biliary stent for pancreatic adenocarci-
noma now presenting with right upper quadrant pain and 
fever. Blood count showed leukocytosis. Axial postcon-
trast arterial phase image demonstrates dilatation, wall 
thickening, and enhancement of the main bile duct 
(arrow). Also note heterogenous enhancement of the liver 
parenchyma in arterial phase

Fig. 9 A 75-year-old man with a remote history of gas-
trectomy for gastric lymphoma and cholelithiasis now 
presenting with jaundice, rigors, and fever. Blood tests 
revealed leukocytosis and elevated liver function tests. 
Coronal reformatted postcontrast T1W image demon-
strates pronounced mural enhancement of the main bile 
duct (arrow)

Fig. 10 A 52-year-old man with known pancreatic ade-
nocarcinoma now presenting with right upper quadrant 
pain, chills, and fever. Abdominal US revealed mild dila-
tation of the intrahepatic bile ducts and several small- 
sized hypoechoic lesions within liver parenchyma. Axial 
postcontrast T1W MR image demonstrates heterogenous 
enhancement of the liver parenchyma and small peripher-
ally enhancing lesions (arrows) within the right liver lobe 
which were later confirmed to be microabscesses on post 
IV antibiotic treatment scan
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toms to fever, abdominal discomfort, and jaundice 
(Ryder and Beckingham 2001). The diagnosis is 
mostly based on clinical symptomatology, sero-
logic studies, or histopathology, and imaging 
does not play a major role in the diagnosis. 
Despite this seemingly secondary role of imag-
ing, cross-sectional studies are commonly used to 
rule out other clinical conditions that may present 
with similar symptomatology such as cirrhosis, 
biliary obstruction, and metastatic liver disease 
(Bächler et al. 2016).

US findings are mostly non-specific but 
include hepatomegaly and diffuse decrease 
in  parenchymal echogenicity, which results in 
relatively increased echogenicity of the portal 
triads (a situation also called as the “starry sky” 
pattern) (Bächler et al. 2016; Kurtz et al. 1980). 
Periportal edema, heterogenous parenchymal 
enhancement, and gallbladder wall edema and 
thickening are other commonly detected imag-
ing findings on CT and MRI studies (Mortele 
et al. 2004).

6  Fungal Infection

6.1  Clinical Findings

Hepatic fungal infections are opportunistic 
infections and most commonly occur after pro-
longed neutropenia in leukemic patients under 
chemotherapy. Several fungal organisms may be 
counted among the causative organisms, where 
Candida is the most common followed by 
Aspergillus, Cryptococcus, Histoplasma, and 
Mucor. Infections with Aspergillus have also 
been reported sporadically (Eckburg and 
Montoya 2001). The fungus likely enters the 
bloodstream via the breakdown of the gastroin-
testinal mucosa (Benedetti et al. 2008). The ini-
tial manifestation is of neutropenic fever that 
does not clinically respond to conventional anti-
biotics. At this stage, the laboratory and imaging 
findings may be normal due to the inability of the 
patient to mount an inflammatory reaction. Once 
the neutrophil counts begin to recover, imaging 
findings may appear in the liver and/or the 
spleen.

6.1.1  Ultrasonography
US is almost always the first utilized imaging 
modality. It can be performed at the bedside, 
without putting the already infection-prone 
patient to additional risks of microbial exposure 
during the travel to CT or MR unit. The diagnos-
tic accuracy of US may be high, especially in 
experienced hands. Four patterns of hepatic fun-
gal infection were described on US (Pastakia 
et al. 1988):

 1. Uniform hypoechoic nodule (Fig. 11a)
 2. Echogenic nidus (inflammation) with 

hypoechoic rim (fibrosis) (“bull’s eye”)
 3. Diffusely echogenic lesion
 4. Central echogenic nidus (necrotic fungal 

debris), inner hyperechoic ring (inflammatory 
cells), and peripheral hypoechoic ring (fibro-
sis) (“wheel-within-a-wheel” appearance).

The first pattern is the least specific one, which 
may also be seen in lymphomatous or leukemic 
liver involvement and other solid organ metasta-
ses. In general, wheel-within-a-wheel pattern and 
bull’s eye pattern are detected in the active phase 
of infection, and relatively normal white blood 
cell counts are common. The other two patterns 
are seen in the late phases of the disease and may 
also represent resolution (Ralls 1998; Pastakia 
et al. 1988).

6.1.2  Computed Tomography
Contrast-enhanced CT is a very sensitive exami-
nation for diagnosing the fungal microabscesses. 
On CT, they are seen as low attenuation lesions 
with discrete margins. They are rarely larger than 
20 mm in some patients, and target appearance 
may be seen with a central focus of high attenua-
tion (Pastakia et al. 1988). Peripheral enhancing 
rim may be detected in some patients and likely 
represent compressed adjacent liver parenchyma. 
CT is also useful in the follow-up of the patients 
by demonstrating the resolution of the lesions. 
Chemotherapy may be resumed after documenta-
tion of the disappearance of the microabscesses 
by CT. Persistence of splenic abscesses, despite 
anti-fungal therapy, is associated with a mortality 
rate of 60% (Berlow et al. 1984).
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6.1.3  MR Imaging
The MR imaging appearances are not specific. 
The lesions tend to be minimally hypointense on 
T1- and brightly hyperintense on T2W sequences 
(Fig.  11b, c) (Mortele et  al. 2004). Completely 
treated lesions are minimally hypointense on T1- 
and isointense to mildly hyperintense on T2W 
images (Semelka et al. 1992). They may demon-
strate gadolinium enhancement on delayed 
phases (Fig. 12). Addition of short tau inversion 
recovery sequence has been reported to increase 
the sensitivity in the detection of the focal 
abscesses (Antilla et al. 1996).

Definitive diagnosis of the fungal infections 
may be difficult. The blood culture is positive 
in only 20% of the patients (Masood and Sallah 
2005). In some patients, liver biopsy may be 
necessary to confirm the diagnosis. The nidus 

a b
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Fig. 11 A 43-year-old woman with leukemia who is cur-
rently undergoing inpatient chemotherapy treatment now 
presenting with high fever, malaise, and elevated liver 
function tests. (a) Abdominal US showed multiple well- 
defined hypoechoic lesions (arrows). (b) Axial T2W MR 
image of the same patient demonstrates multiple, brightly 

hyperintense lesions with well-defined borders (arrow-
heads). (c) Axial postcontrast T1W image shows multiple 
hypointense lesions (arrowheads). Percutaneous biopsy 
revealed active inflammation, and microbiologic evalua-
tion of the specimen was consistent with Candida 
infection

Fig. 12 Posttreatment follow-up study of a 45-year-old 
male patient with a history of leukemia and hepatic candi-
diasis. Axial postcontrast T1W image shows multiple, 
small-sized hypointense nodules demonstrating central 
enhancement suggestive of resolution phase of the disease 
(arrowheads)

A. D. Karaosmanoglu et al.



77

of the infection should be sampled in biopsy 
for correct diagnosis (Masood and Sallah 
2005).

7  Granulomatous Infections

By definition, granulomatous diseases of the liver 
are defined as inflammatory processes of the liver 
associated with granuloma formation in the liver 
parenchyma. The definitive diagnosis is almost 
always made with tissue analysis. Histologically, 
they appear as sharply defined nodular infiltrates 
consisting of aggregates of epithelioid cells or 
macrophages. In tuberculosis, the granulomas 
may undergo central liquefaction necrosis (Balci 
et al. 2001). Tuberculosis and histoplasmosis are 
the most common granulomatous infections of 
the liver.

7.1  Tuberculosis

Tuberculosis (TB) is among the most common 
and fatal infectious diseases of the world, espe-
cially in the developing countries. The liver may 
be involved in tuberculosis in different ways: (1) 
disseminated miliary TB, (2) primary nodular TB 
only involving the liver, and (3) primary TB 
abscess or granulomas of the liver (Jain et  al. 
1999; Hickey et  al. 1999). Miliary form is the 
most commonly detected form of the disease and 
is reported to occur in 50–80% of the patients 
with terminal pulmonary tuberculosis (Mortele 
et al. 2004). Micronodular liver involvement may 
be seen as hyperechoic on US, or the liver may be 
seen as overall hyperechoic and enlarged 
(Hulnick et  al. 1985). CT findings are not spe-
cific, and the liver may be enlarged or normal in 
size with/without micronodules (Fig. 13). When 
nodules are present, they are frequently very 
small, measuring between 0.5 and 2 mm, and dif-
ficult to detect with CT (Doyle et  al. 2006). 
Diffuse calcification occurs in 50% of the cases 
with healing (Alvarez 1998). In cases where 
imaging findings are absent or non-specific, liver 

biopsy may be used for diagnosis in selected 
cases (Mortele et  al. 2004). On MR imaging, 
tuberculomas may appear as hypointense on T1- 
and hypo-isointense on T2W images (Fig.  14) 
(Hickey et al. 1999).

Abscess formation in tuberculosis is rare 
(Fig.  15). Abdominal pain, fever, weight loss, 
anorexia, night sweats, and jaundice have all 
been reported among the clinical manifestations 
of the patients (Oliva et al. 1990). It is also a well- 
known fact that the liver TB abscesses may form 
even after the start of therapy for the treatment of 
extrahepatic tuberculosis (Gracey 1965).

7.2  Histoplasmosis

Histoplasmosis of the liver is rare, and almost all 
of the patients (99%) exposed to histoplasmosis 
develop subclinical infection (Mortele et  al. 
2004). In acute setting, hepatomegaly may be 
detected with accompanying hypoattenuated 
lymph nodes. Liver involvement is not uncom-
mon in disseminated histoplasmosis. Small punc-
tate calcifications may be detected in the liver of 
healed patients.

Fig. 13 A 45-year-old man with a history of pulmonary 
miliary tuberculosis now presents with mild fever, fatigue, 
and elevated liver function tests. Axial postcontrast 
abdominal CT image demonstrates multiple, small, 
hypodense lesions (arrows) within the liver parenchyma 
which were later confirmed to represent hepatic TB nod-
ules on percutaneous biopsy
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8  Parasitic Infections

8.1  Ecchinococcal Infection

Hydatid disease is a worldwide zoonosis due to 
the larval form of the Echinococcus tapeworm 
(Pedrosa et al. 2000). After ingestion of the con-
taminated food or water, the eggs start to hatch in 

the duodenum, and the parasites penetrate the 
intestinal mucosa. After this penetration the patho-
gen gains access into the portal circulation and 
subsequently spread throughout the body. The 
liver is the most commonly affected organ; how-
ever, virtually every organ system has been 
reported to be involved, especially with 
Echinococcus granulosus. Echinococcus granulo-
sus is the most common cause of the infection fol-
lowed by Echinococcus multilocularis and 
Echinococcus vogeli which has been reported in 
Central and South America. The cyst rupture is the 
most important potential complication of the dis-
ease, which may end up with anaphylaxis and dis-
semination of the disease (Czermak et al. 2008).

8.1.1  E. granulosus Infection
E. granulosus infection is endemic in the 
Mediterranean Basin. Humans are infected by 
ingesting the food contaminated by the parasite 
or from contact with the dogs. Sheep are the 
intermediate hosts, while dogs and foxes are the 
definitive hosts. Humans may become the inter-
mediate hosts by ingesting the eggs infested with 
larvae, also called as the oncospheres. The 
ingested embryos proceed to the liver by the por-
tal venous system. Although most of these 
embryos are filtered and eliminated by the liver, 
some surviving embryos may cause the infection. 
Infected patients may be asymptomatic for many 

a b

Fig. 14 A 70-year-old man with a remote history of lung 
tuberculosis now presents with right upper quadrant pain, 
fever, and night sweats. Abdominal US showed a 
hypoechoic lesion within the right liver parenchyma. (a) 
Axial T2W MR image shows clustering, hyperintense 

lesions (arrows). (b) Axial postcontrast T1W MR image 
shows peripheral enhancement within these lesions 
(arrows). Also note the lesion in the splenic parenchyma 
with the same imaging features. Percutaneous biopsy of 
the liver lesion confirmed hepatic TB granuloma

Fig. 15 A 62-year-old woman with no significant past 
medical history now presents with recently gradually 
increasing right upper quadrant pain, fever, and night 
sweats. Axial postcontrast abdominal CT image demon-
strates peripherally located, ill-defined, hypoechoic liver 
lesion (arrows) and an adjacent perihepatic fluid collec-
tion (asterisk). Percutaneous drainage of the fluid collec-
tion confirmed active TB infection
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years when these cysts are small in size. With the 
gradual expansion of these cysts, patients may 
begin to experience abdominal pain, right upper 
quadrant mass, or obstructive jaundice when the 
cysts get large enough to compress or open into 
the biliary system.

In the liver, the cyst consists of (a) outer peri-
cyst, which corresponds to the compressed and 
fibrosed liver tissue; (b) endocyst, an inner ger-
minal layer; and (c) ectocyst, the thin, translucent 
interleaved membrane located in between the 
endocyst and pericyst (Mortele et  al. 2004). 
Brood capsules (germinating cyst) and daughter 
cysts develop from the inner surface of the endo-
cyst. The cysts expand slowly over years and 
when the brood capsules rupture the viable proto-
scoleces form (which are seen as white sediments 
floating within the cyst fluid, also called as hyda-
tid sand) (Eckert and Deplazes 2004).

8.1.1.1 Ultrasound
E. granulosus cysts may have a laminar appear-
ance of the thick cyst wall, which is visualized as 
“double-line” sign (Czermak et al. 2008). Free- 
floating protoscoleces (hydatid sand) in the cysts 
may be observed as “snowflake” on sonography 
(“snowflake” becomes even more prominent 
when the patient is repositioned) (Fig.  16). 

Daughter cysts are observed in 75% of patients 
and may be observed as “wheel-like,” “rosette- 
like,” or “honeycomb-like” structures (Czermak 
et al. 2008). Daughter cysts are the most sensitive 
sonographic finding, and sonography is the most 
sensitive modality for the detection of mem-
branes, septa, and hydatid sand (Fig.  17) (Oto 
et al. 1999). When the viability of the parasite is 
lost, intracystic pressure decreases, and the endo-
cytic membrane detaches from the wall and float 
freely within the cyst fluid. The observation of 
floating membranes in the cyst gives rise to 
“water lily” appearance (Fig.  18). These cysts 
represent a transitional form in which the integ-
rity of the cyst has been compromised (Czermak 
et al. 2008). Degenerated cysts consist of heter-
ogenous, solid-looking pseudotumor that may 
look like a “ball of wool” as the cyst gradually 
shrinks and degenerates (Fig. 19). Finally, inac-
tive dead cysts demonstrate heavy wall calcifica-
tions. Wall calcifications with intense posterior 
shadowing due to acoustic attenuation are 
detected in 50% of the cases (Mortele et al. 2004; 
Doyle et al. 2006).

The World Health Organization Informal 
Working Group on Echinococcus has published 
classification of echinococcosis, which is based 
on sonographic findings relating to the viability 
of the hydatid cyst (WHO Informal Working 
Group 2003).

Fig. 16 A 29-year-old man with no known medical his-
tory underwent an abdominal US for right flank pain. 
Abdominal US study demonstrates a well-defined purely 
cystic mass (arrows) within the liver parenchyma. 
Serologic tests and percutaneous drainage confirmed 
hydatid cyst

Fig. 17 A 24-year-old man with no known medical his-
tory presented with right upper quadrant pain. Abdominal 
US shows well-defined complex mass (arrows) with 
peripherally located cysts which were found to be consis-
tent with daughter vesicles. The lesion was then treated 
with percutaneous approach
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8.1.1.2  Computed Tomography 
and Magnetic Resonance Imaging

E. granulosus cysts are almost always seen as 
hypoattenuating lesions in the liver parenchyma 
on CT studies (Fig. 20). Daughter cysts have even 
lower attenuation than the cyst fluid (Fig.  21). 
Daughter cysts are observed in the majority of the 
cases, and “water lily” sign may also be appreci-
ated (Fig. 23). Dense or curvilinear calcification 
within the cyst wall is almost always a sign of a 
biologically inactive cyst (Fig. 23).

Hypointense wall of 4–5 mm in thickness is 
hypointense in both T1- and T2-weighted images 
and represents the pericyst (Fig.  24) (Czermak 

Fig. 18 A 9-year-old girl with no medical history has 
underwent an abdominal ultrasound for screening hydatid 
cyst because her mother has been diagnosed with active 
disease. Abdominal US demonstrates two cystic lesions 
(arrows) with internal linear echogenic structures which 
showed mobility in real-time US exam (imaging findings 
were found to be suggestive for hydatid cyst with detached 
membrane (arrowhead)). The patient subsequently under-
went percutaneous treatment

Fig. 19 A 26-year-old man who is on follow-up for percu-
taneously treated liver hydatid cyst. Abdominal US shows 
well-defined, solid lesion with heterogenous content, con-
sistent with degenerated, inactive hydatid cyst (arrows)

Fig. 20 A 70-year-old woman with a remote history of 
colon cancer (in clinical and imaging remission) underwent 
a follow-up CT.  Axial postcontrast abdominal CT image 
demonstrates well-defined, thin-walled, round- shaped 
purely cystic-appearing mass (arrows) within the liver 
parenchyma. Percutaneous drainage confirmed hydatid cyst

Fig. 21 A 66-year-old woman with no significant past 
medical history now presents with right upper quadrant 
pain. Axial postcontrast abdominal CT image demon-
strates well-defined, complex-looking mass with periph-
erally located hypodense daughter vesicles (asterisks) 
which is a typical finding for hydatid cyst (arrows). Note 
daughter vesicles are more hypodense than the central 
matrix of the mother cyst. Percutaneous drainage con-
firmed the diagnosis
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et al. 2008). The hydatid matrix or hydatid sand 
represents the free-floating scolices and appears 
hypointense on T1W and brightly hyperintense 
on T2W images (Fig.  25). Daughter cysts are 
typically hypointense on T1W images than the 
matrix of the mother cyst (Fig. 26) (Mortele et al. 

2004). They typically appear as hyperintense on 
T2W images (Fig. 27).

The differential diagnosis includes biliary 
cystadenoma-cystadenocarcinoma, pyogenic 
abscess, cystic metastases from the pancreas or 
the ovaries, and hemorrhagic or infected liver 
cyst (Mortele and Ros 2001). Curvilinear calcifi-
cation within the daughter cysts is the most char-
acteristic imaging finding.

8.1.2  Echinococcus multilocularis 
Infection

Echinococcus multilocularis can affect any organ 
or tissue, but the liver is the most commonly 
affected site. The characteristic feature of this 
parasite is its capability of multilocular alveolar 
cyst formation (1–10 mm in diameter) that resem-
bles the lung alveoli. Another important feature of 
this agent is its highly invasive biological manner. 
As a reaction of the liver parenchyma to the inva-
sion of the germinal layer, severe fibrosis is 
induced that further increases the detrimental 
effect of the parasite. The disease’s biological 
behavior is reminiscent of a malignant neoplasm.

8.1.2.1 Imaging Findings
Typical imaging finding is an infiltrative hepatic 
lesion with ill-defined borders. The lesion may 

Fig. 22 A 20-year-old man with no significant medical 
history underwent a CT exam for acute right lower quad-
rant pain. Axial postcontrast abdominal CT image inci-
dentally detected a large cystic lesion (arrows) with 
internal hyperintense linear structures which were thought 
to be consistent with detached hydatid cyst membranes. 
Percutaneous aspiration and treatment confirmed the 
diagnosis

Fig. 23 A 40-year-old man with a history of percutane-
ously treated hydatid cyst 5 years ago underwent a follow-
 up CT.  Axial postcontrast abdominal CT image 
demonstrates a round well-defined mass (arrows) with 
scattered internal and peripheral calcifications. The con-
stellation of imaging findings is typical for inactive hyda-
tid cyst

Fig. 24 A 36-year-old man with no significant past medi-
cal history underwent MRI for a cystic liver mass that was 
incidentally detected on US exam. Axial T2W MR image 
demonstrates well-defined, round-shaped hyperintense 
cystic mass (arrows) with a hypointense wall which was 
suggestive for pericyst. Percutaneous drainage confirmed 
hydatid cyst
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contain cystic and solid parts. The solid parts 
include coagulation necrosis, granuloma, and 
calcifications, whereas the cystic components 
comprise of metacestodal vesicles and liquefac-
tive necrosis (Czermak et al. 2008). As the small- 
sized lesions generally consist of small clustered 
cysts (metacestodal vesicles), invasively enlarg-
ing E. multilocularis infections tend to form cen-
tral liquefactive necrosis. This necrosis is induced 
by the ischemia associated with vascular inva-
sion. The contrast enhancement is either com-
pletely absent or very faint. Enlarged lymph 
nodes are generally not seen which may be a use-
ful sign in differentiating E. alveolaris infection 

from true malignant processes (Akin and Isiklar 
1999).

On US, the lesions appear as hypo-/hyper-
echoic mass with indistinct margins; however, 
cystic or vesicular appearance is not unusual 
(Fig. 27a). Color Doppler flow shows the absence 
of vascularity in the lesion and may help the diag-
nosis (Coskun et al. 2004).

On CT and MRI, lesions display irregular, 
ill- defined margins invading the liver tissue. 
The lesions are hypodense on CT (Fig. 28b) and 
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Fig. 25 (a) Axial T2W MR image of the same patient in 
“Fig. 16” demonstrates brightly hyperintense cystic lesion 
(arrows). (b) Axial postcontrast T1W image demonstrates 

the same lesion (arrows) as uniformly hypointense with-
out any mural or internal contrast enhancement. 
Percutaneous drainage confirmed hydatid cyst

Fig. 26 Axial postcontrast T1W image of the same 
patient in “Fig. 17” demonstrates the same lesion as non-
enhancing, well-defined mass (arrows) with internal 
daughter cysts (asterisks) and hypointense central matrix. 
Note daughter cysts are typically more hypointense than 
the matrix

Fig. 27 A 39-year-old woman with no significant medi-
cal history now presents with right upper quadrant pain. 
Axial T2W MR image demonstrates a complex, well- 
defined mass (arrows) with multiple internal thin-walled, 
round hyperintense daughter vesicles (asterisks). These 
are typical for hydatid cyst
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hypointense on T1W images. On T2W images, 
the lesions may be hypo-, hyper-, or isointense. 
On MR, solid and cystic parts of the lesions 
may be better delineated compared to CT 
(Fig. 29). Multiple round cysts with solid com-
ponents or solid structures encircling the large 
and/or  irregular cysts can be characteristic for 
E. multilocularis infection (Kodama et  al. 
2003). Calcifications are common (found in 
90% of the subjects), and poor contrast enhance-

ment is almost always present (Fig.  30) 
(Czermak et al. 2008). Hilar infiltration is fre-
quent which may result in mechanical biliary 
obstruction and invasion/occlusion of the portal 
vein (Fig.  31). Hepatic veins may also be 
involved during the process. Lobar atrophy is 
also another characteristic feature of the disease 
(Rozanes et al. 1992).

a b

Fig. 28 A 65-year-old man recently presented with right 
upper quadrant pain and elevated liver function tests. (a) 
Abdominal ultrasound demonstrates lobulated, predomi-
nantly hyperechoic mass (arrows) with centrally located, 
hypoechoic cystic component. (b) Axial postcontrast CT 

image of the same patient demonstrates a large, hypoat-
tenuating, centrally cystic/necrotic liver mass (arrows) 
with peripheral calcifications. Percutaneous biopsy con-
firmed alveolar hydatid cyst

Fig. 29 A 45-year-old woman with no known significant 
past medical history now presents with right upper quad-
rant pain and a palpable mass at the same location. Axial 
T2W MR image demonstrates a large, almost completely 
cystic mass (arrows) with irregularly thickened wall 
(arrowheads). Percutaneous biopsy of the lesion wall con-
firmed alveolar hydatid cyst

Fig. 30 A 30-year-old woman with no significant past 
medical history now presents with weight loss, right upper 
quadrant pain, and elevated liver function tests. Axial 
postcontrast abdominal CT image demonstrates an infil-
trative, hypodense lesion (arrows) within the liver paren-
chyma. Also note the scattered calcifications within the 
same lesion. Percutaneous biopsy confirmed alveolar 
hydatid cyst
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The pancreas, right kidney, right adrenal 
gland, peritoneum, or vascular structures may all 
be involved as a result of direct spread of the 
infection (Czermak et al. 2008).

8.2  Actinomycosis of the Liver

Actinomycosis is a rare cause of liver infection. 
The bacteria typically gain access to the liver via 
the hematogenous route. Prior to abdominal sur-
gery, loss of integrity in the gastrointestinal sys-
tem mucosa and immunosuppression may be 
counted among the predisposing factors (Avila 
et  al. 2015). Despite these several predisposing 
factors, around 80% of the hepatic actinomycosis 
cases are cryptogenic (Lall et  al. 2010; 
Christodoulou et al. 2004).

Imaging diagnosis may be difficult as most of 
the cases present with non-specific features on 
cross-sectional imaging. In 66% of the cases, a 
solitary lesion is typical, but multifocal hepatic 
lesions are also not rare. Right lobe is the most 
commonly affected part of the liver, and imag-
ing characteristics of these lesions may be easily 
confused with neoplastic liver disease (Avila 
et  al. 2015). The lesions mostly appear as 
hypodense on CT studies. On MRI exams, they 
are typically seen as hypointense on T1W 
images and hyperintense on T2W images 

(Fig.  32) (Kim et  al. 2007b). As the imaging 
findings may closely mimic parenchymal neo-
plastic processes, histopathologic diagnosis is 
almost always necessary for diagnosis and treat-
ment planning.

8.3  Schistosomiasis of the Liver

Schistosomiasis is endemic in the tropical and 
subtropical areas of the Africa, Asia, South 
America, and the Caribbean. The infection is 
transmitted via the freshwater snails. An esti-
mated 200 million people are infected with this 
parasite. Schistosomiasis of the liver is caused 
by trematodes Schistosoma mansoni and 
Schistosoma japonicum. Both of these parasites 
live inside the lumens of the mesenteric veins, 
and the final end result is liver fibrosis. They 
penetrate the human skin and subsequently 
migrate to their residence in the mesenteric 
veins. The eggs are carried by the portal vein to 
the liver where they lodge within the venules, 
causing granuloma formation, periportal fibro-
sis, and, finally, portal hypertension. Infections 
with S. japonicum are more virulent than those 
with S. mansoni, because each adult worm pair 
of S. japonicum produces 10 times as many eggs 
as of their S. mansoni counterparts (Manzella 
et al. 2008).

a b

Fig. 31 A 27-year-old man with no known past medical 
history now presents with right upper quadrant pain and 
abnormal liver function tests. US exam showed a 
hypoechoic mass in the left liver lobe (not shown). (a) 
Axial postcontrast T1W MR image demonstrates a well- 

defined, centrally cystic/necrotic liver mass (arrows) 
extending into the hepatic hilum. (b) MRCP image better 
demonstrates the cystic character of the lesion (arrows). 
Also note the markedly dilated intrahepatic bile ducts
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8.3.1  Imaging Findings
Periportal fibrosis is the hallmark abnormality of 
both parasites which is caused by deposition of 
their eggs. As S. japonicum eggs are smaller than 
the S. mansoni eggs, they tend to lodge in the 
peripheral veins, whereas the eggs of S. mansoni 
tend to lodge in the central veins (Manzella et al. 
2008). Therefore, the distribution of periportal 
fibrosis may be helpful in the differential diagno-
sis. Periportal fibrosis is detected as thickening 
alongside the peripheral branches of the portal 
vein with increased echogenicity. Bands of peri-
portal fibrosis give rise to Symmers’ pipe stem 
fibrosis with hyperechoic septae in a polygonal 
arrangement mimicking a “fish scale” appear-
ance and so-called “turtle back” appearance 
(Manzella et  al. 2008). The hyperechoic bands 
seen on US in peripheral locations in S. japoni-
cum infections are detected as curvilinear calcifi-
cations at the same locations on CT. S. japonicum 
eggs tend to calcify as they die which is in con-
trast with the eggs of S mansoni, which is an use-
ful clue in the differential diagnosis.

Computed tomography findings of S. mansoni 
infection are primarily hypodense low attenuation 
bands or rings around the central portal vein 
branches with marked enhancement of these areas 
after contrast injection. Calcification is not 
observed in CT in contrast to S. japonicum infec-
tion. Extensive widening of the hepatic fissures in 

the hilum and along the portal vein branches with 
diffuse atrophy is typical of schistosomiasis. MR 
imaging findings are similar to the morphological 
findings described above in US and CT. Fibrous 
tissues around the portal vein are typically 
hypointense on both T1- and T2-weighted images.

8.4  Toxocariasis

Toxocariasis is caused by the larvae of the dog 
ascarid, Toxocara canis, or less commonly by the 
cat ascarid, Toxocara cati. Ingestion of the egg or 
encapsulated larvae excreted in the feces of the 
dogs is the typical mode of infection. The larvae 
are liberated in the human intestine and reach the 
liver via the portal circulation. Infections of the 
lung, eye, brain, and heart have all been reported 
(Lim 2008). When larvae reach the liver, they 
move to different places in the liver tissue (larva 
migrans) (Beaver 1969). During its migration in 
the liver, it prompts the formation of eosinophilic 
liver abscesses, eosinophilic infiltration, and gran-
uloma formation within the liver parenchyma. The 
granulomas or abscesses are small measuring 
between 1 and 1.5 cm in diameter (Lim 2008).

8.4.1  Imaging Features
The lesions in the liver appear as small, multiple, 
hypoechoic lesions in the liver parenchyma on 

a b

Fig. 32 A 73-year-old woman with no known significant 
past medical history presents with fever and right upper 
quadrant pain. Abdominal US showed multiple, 
hypoechoic focal lesions within the liver parenchyma. (a) 
Axial T2W MR image demonstrates multiple well-defined 

mildly hyperintense lesions (arrows). (b) Axial postcon-
trast T1W MR image demonstrates the same lesions 
(arrows) as hypointense compared to the neighboring liver 
parenchyma. Percutaneous biopsy confirmed active 
inflammation and Actinomyces colonies
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US (Chang et  al. 2006). The margins of the 
lesions are not well-defined, and the lesions are 
not perfectly round. On CT, the lesions appear as 
multiple hypodense lesions scattered through the 
liver parenchyma. The lesions are generally ill- 
defined, oval or irregularly shaped, typically 
low- attenuating nodules. The lesions are small 
with a diameter between 1 and 1.5  cm (Chang 
et al. 2006). On MR, lesions are detected as mul-
tiple lesions scattered throughout the liver paren-
chyma that are mildly hypointense on T1W 
images, while on T2W images, they are mildly 
hyperintense. On postcontrast imaging, they are 
again best detected on portal venous phase and 
isointense or nearly isointense in arterial and 
equilibrium phase images (Lim 2008).

8.5  Fascioliasis

Fascioliasis is caused by a liver trematode 
named as Fasciola hepatica. The pathogen par-
ticularly affects the sheep and the cows, and 
humans are accidentally infected by ingesting 
contaminated watercress. The ingested larvae 
encyst in the stomach, penetrate the duodenal 
wall, escape into the peritoneal cavity, and then 
penetrate the liver capsule. In the liver, the 
flukes make small holes and cavities during its 
migration. This migration ends when the fluke 

reaches the larger bile duct and penetrates into 
its lumen, which is the permanent residence of 
the fluke (Lim et al. 2008).

8.5.1  Imaging Findings
During its migration in the liver, which may last 
for months, the mature flukes digest the liver 
parenchyma and “dig tunnels and caves.” During 
its migration within the liver parenchyma, the 
parasite leaves multiple small necrotic cavities 
and abscesses (Han et al. 1999). The abscesses of 
hepatic fascioliasis do not coalesce, a feature 
which is in contrast to pyogenic abscesses 
(Fig.  33). The underlying reason is most likely 
that they are caused by the necrosis of the liver 
parenchyma rather than the inflammation 
(Llorente et al. 2002). The entire path of migra-
tion may be detected on cross-sectional imaging 
as a “tunnel-like tract” from the entry site at the 
liver capsule into the depths of the liver paren-
chyma (Fig. 34) (Lim et al. 2008). Subcapsular 
abscesses have been reported in a patient with 
hepatic fascioliasis (Llorente et  al. 2002). The 
“tunnels and caves” sign was reported to be a 
useful sign in the differentiation from the cholan-
giocellular carcinoma, which may sometimes 
mimic fasciolar infection (Lim et  al. 2008). 
Although MR and US have also been reported to 
be useful, CT seems to be the most beneficial 
modality (Lim et al. 2008).

a b

Fig. 33 A 10-year-old girl with no significant past medi-
cal history now presents with right upper quadrant pain 
and fever. Abdominal US showed hypointense heteroge-
nous ill-defined mass within liver parenchyma (not 
shown). (a) T2W MR image demonstrates a complex- 

appearing mass with cystic and solid components 
(arrows). (b) Axial postcontrast T1W MR image of the 
same patient demonstrates the hypovascular nature of this 
mass (arrows). Percutaneous biopsy confirmed hepatic 
fasciolar disease
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When the adult flukes are in the biliary system, 
they grow and enlarge in size and may reside in 
the biliary system for years. They can be detected 
in both the intra- and extrahepatic  compartments 
of the biliary system, as well as within the lumen 
of the gallbladder (Lim et al. 2008; Ooms et al. 
1995). Chronic inflammation may cause the 
thickening in the walls of the affected parts of the 
biliary system and the gallbladder; however, chol-
angiocarcinoma development due to chronic 
presence of the parasites has not been reported 
before (Kabaalioglu et al. 2007).

9  Conclusion

Hepatic infections are relatively common infec-
tions, and prompt diagnosis and relevant treat-
ment are of paramount importance for preventing 
the potential, sometimes deadly, complications. 
All imaging modalities may be used for diagno-
sis, but imaging findings can sometimes be rather 
non-specific for a definitive diagnosis. In these 
patients, percutaneous biopsy may also be used 
for the diagnosis.
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Abstract
Cystic tumors of the liver are a heterogeneous 
group of neoplasms with characteristic histo-
genesis, clinico-biological features, and 
pathologic findings. They include both epithe-
lial and mesenchymal liver tumors and com-
monly originate from the biliary epithelium. 
Mucinous cystic neoplasm (MCN) and intra-
ductal papillary neoplasm of the bile duct 
(IPNB) are the most common cystic neo-

plasms of the liver. Cystic changes can develop 
in hepatocellular carcinoma (HCC) and 
hepatic metastases due to cystic degeneration 
and necrosis. Rarely, mass-forming intrahe-
patic cholangiocarcinoma and giant cavernous 
hemangioma may also show cystic appear-
ance with necrotic areas. Rare hepatic tumors 
such as mesenchymal hamartoma, undifferen-
tiated embryonal carcinoma, lymphangioma, 
and inflammatory myofibroblastic tumors are 
also cystic in nature. Select cystic hepatic 
tumors show characteristic cross-sectional 
imaging findings that permit an accurate diag-
nosis. Imaging is also pivotal in the follow-up 
and long-term surveillance of cystic hepatic 
tumors.
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1  Introduction

Cystic liver tumors are a rare, diverse group of 
neoplasms that include both benign and malig-
nant entities as well as primary and secondary 
tumors. Cystic nature in hepatic cystic tumors 
either represents an innate architectural charac-
teristic of the tumor or significant biliary dilation 
or may be related to extensive tumor necrosis. 
According to the 2010 World Health Organization 
(WHO) classification schemata of the tumors of 
the digestive system, primary epithelial cystic 
liver tumors include mucinous cystic neoplasm 
(MCN) and intraductal papillary neoplasm of the 
bile duct (IPNB) (Bosman et al. 2010). Primary 
cystic mesenchymal liver tumors include mesen-
chymal hamartoma, undifferentiated embryonal 
sarcoma, lymphangioma, inflammatory myofi-
broblastic tumor, and epithelioid hemangioendo-
thelioma (Bosman et  al. 2010). Also, extensive 
necrosis and cystic degeneration in hepatocellu-
lar carcinoma (HCC), metastases, intrahepatic 
cholangiocarcinoma, and giant cavernous hem-
angioma may result in cystic change and mimic 
cystic hepatic tumors (Table 1) (Qian et al. 2013). 
Cystic liver tumors demonstrate characteristic 
ontogeny, clinico-biological features, pathologic 
findings, and cross-sectional imaging features 
that permit better characterization. Cystic liver 
tumors should be differentiated from the wide 
spectrum of benign cystic focal lesions of the 
liver, including congenital, developmental, post-
traumatic, infectious/inflammatory, and miscel-
laneous entities (Mortele and Ros 2001; Qian 
et al. 2013; Vachha et al. 2011). Accurate preop-
erative characterization of cystic liver tumors and 
their differentiation from the other benign entities 
is pivotal in management and prognostification.

A wide array of imaging techniques are help-
ful in the diagnosis, management, and follow-

up of hepatic cystic tumors. They include 
ultrasonography (US), computed tomography 
(CT), and magnetic resonance imaging (MRI) 
with magnetic resonance cholangiopancreatog-
raphy (MRCP). US is generally the initial imag-
ing modality used to investigate the focal liver 
lesions as it is widely available, cost-effective, 
and  without risk of radiation. US helps to dif-
ferentiate cystic liver lesions from solid liver 
masses and can demonstrate internal septations 
and solid components within the cystic liver 
lesions (Borhani et al. 2014; Mortele and Peters 
2009; Mortele and Ros 2001; Qian et al. 2013). 
CT is helpful to further characterize cystic liver 
lesions by identifying the enhancing wall, inter-
nal septations, and mural nodularity. CT is also 
useful in the morphological classification of 
cystic liver lesions, such as MCN and IPNB 
(Qian et al. 2013). MRI with MRCP is the pri-
mary imaging modality for evaluating the 
hepatic cystic masses due to high soft tissue 
contrast, development of hepatobiliary-specific 
contrast agents, and multiplanar capability. 
MRCP is very useful to identify the communi-
cation of the cystic lesion with biliary ducts bet-
ter than any other imaging modality, provide 
excellent delineation of associated ductal 
obstruction, and can also identify internal septa-
tions and hence aid in differentiating lesions 
such as MCN and IPNB (Billington et al. 2012; 
Lewin et  al. 2006). Also, endoscopy- guided 
procedures such as endoscopic retrograde chol-
angiopancreatography (ERCP) and endoscopic 
US (EUS) are useful in the direct visualization 
of the biliary tract and obtaining tissue biopsy to 
confirm the diagnosis (Natov et  al. 2017; 
Tsuchida et  al. 2010). In this chapter, we will 
present the cross-sectional imaging spectrum of 
the common and relatively rare cystic tumors of 
the liver.

Table 1 Common and uncommon cystic hepatic tumors

Biliary epithelial cystic tumors Non-biliary cystic tumors Rare cystic tumors
Mucinous cystic neoplasm of liver 
(MCN)
Intraductal papillary neoplasm of the bile 
duct (IPNB)

Cystic hepatocellular carcinoma
Cystic metastases

Intrahepatic cholangiocarcinoma
Giant cavernous hemangioma
Mesenchymal hamartoma 
Undifferentiated embryonal sarcoma
Inflammatory myofibroblastic tumor

V. Kukkar and V. S. Katabathina



93

1.1  Mucinous Cystic Neoplasm 
of the Liver

Previously known as biliary cystadenoma/cystad-
enocarcinoma, the 2010 WHO classification 
defines mucinous cystic neoplasms of the liver 
(MCN) as biliary epithelial cystic tumors usually 
showing no communication with the bile ducts, 
composed of cuboidal to columnar, variably 
mucin-producing epithelium, and associated with 
ovarian-type subepithelial stroma (Bosman et al. 
2010). MCNs are further classified into three 
types based on the severity of epithelial dysplasia 
and invasiveness: (1) MCN with low- or 
intermediate- grade intraepithelial neoplasia, (2) 
MCN with high-grade intraepithelial neoplasia, 
and (3) MCN with an associated invasive carci-
noma (Bosman et  al. 2010). MCN is a distinct 
entity that differs clinicopathologically and radio-
logically from cystic IPNB and carries different 
natural histories and prognosis (Soares et  al. 
2014; Zen et  al. 2011). MCNs likely represent 
about 5% of all symptomatic liver cysts referred 
for surgical treatment with a strong female pre-
ponderance and usually occurs in middle- aged 
women with earlier age of presentation in benign/
noninvasive tumors (Zen et al. 2011).

The cell of origin of hepatic MCNs is contro-
versial given the presence of ovarian-like stroma 
in almost all cases, and the hypothesis should 
explain this unusual feature as well as structural 
similarity with pancreatic MCNs. One theory 
suggests the possibility of MCN development 
from immature endodermal stroma or primary 
yolk cells or ectopic ovarian tissue implanted in 
the liver during embryogenesis, whereas others 
suggest that hepatic MCNs develop from the 
intrahepatic peribiliary glands as a biliary coun-
terpart of pancreatic MCN (Fragulidis et al. 2017; 
Nakanuma et  al. 2014; Zen et  al. 2011). While 
the high prevalence of hepatic MCN in segment 4 
of the liver supports “the implant theory” as ham-
artomatous lesions commonly develop in seg-
ment 4, the pathologic and immunohistochemical 
similarities between the pancreatic and hepatic 
MCNs favor the origin from peribiliary glands 
(Erdogan et al. 2010; Nakanuma et al. 2014; Zen 
et  al. 2011). The fusion of both theories could 

explain the origin of MCN in a better way: the 
cell of origin is in the peribiliary glands that 
eventually receive stimulation by ectopic ovarian 
stroma resulting in the tumor formation 
(Nakanuma et  al. 2014; Zen et  al. 2011). On 
gross pathology, MCNs appear as a multilocular 
cystic mass containing clear fluid or thick mucus 
or hemorrhagic fluid with multiple papillary 
areas/mural nodules along the wall, surrounded 
by a thick fibrous capsule and without definite, 
identifiable communication with adjacent larger 
bile ducts (Bosman et al. 2010; Simo et al. 2012; 
Zen et  al. 2011). At histology, cuboidal or low 
columnar type, the mucin-producing epithelium 
lining the wall with cellular spindle cell 
 mesenchymal stroma that resembles ovarian 
stroma and tumor cells are positive for CK7, 
MUC2, MUC5AC, estrogen receptor, and pro-
gesterone receptor on immunohistochemistry 
(Bosman et al. 2010; Zen et al. 2011).

Hepatic MCNs are slow-growing tumors 
with the majority being asymptomatic, but 
some may present with abdominal pain/dis-
comfort or a palpable mass (Del Poggio and 
Buonocore 2008). Rarely, hepatic MCNs may 
distend liver capsule resulting in rupture and 
spontaneous bleeding or cause bile duct inva-
sion and obstruction with obstructive jaundice 
(Soares et  al. 2014). Imaging plays an impor-
tant role to identify MCN and preoperative 
planning and differentiate this from other 
benign/malignant cystic lesions of the liver 
(Pitchaimuthu and Duxbury 2017; Qian et  al. 
2013). MCN is typically a moderate to large 
cystic mass on cross-sectional imaging and has 
multiple internal septations. At US, MCN 
appears as a large, complex cystic mass with 
multiple internal septations, low-level internal 
echoes, and peripheral nodularity (Fig.  1) 
(Mortele and Peters 2009; Qian et  al. 2013; 
Soares et al. 2014). US is very helpful in dem-
onstrating internal septations better than any 
other imaging modality. On color Doppler 
interrogation, septations and mural nodularity 
may show increased vascularity. On CT, MCN 
appears commonly as a multilocular cystic 
lesion with the enhancing wall, a well-defined 
fibrotic capsule, internal septations, and solid 
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a b

Fig. 1 (a, b) A 79-year-old woman with mucinous cystic 
neoplasm (MCN) of the liver. Transverse grayscale (a) 
and color Doppler (b) US images of the right upper quad-
rant demonstrate a well-defined, lobulated cystic lesion in 

the liver with multiple thin internal septations and without 
any increased vascularity on Doppler interrogation 
(arrows). This cystic mass was proven to be hepatic MCN 
on pathology

a b

c

Fig. 2 (a–c) An 82-year-old woman with mucinous cys-
tic neoplasm (MCN) of the liver. Axial contrast-enhanced 
CT images of the upper abdomen obtained during the 
noncontrast (a), arterial (b), and portal venous (c) phases 
demonstrate a well-defined cystic lesion in the left lobe of 

the liver (arrows) with irregularly thickened wall and con-
taining enhancing septations and solid components 
(arrowheads). This complex cystic mass was proven to be 
hepatic MCN on surgical resection
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nodules and may also contain discontinuous 
peripheral calcifications (Fig. 2) (Borhani et al. 
2014; Mortele and Peters 2009). MCN may 
also appear as a large unilocular cystic liver 
lesion with peripheral lobulations and without 
any identifiable septations or mural nodules 
(Fig.  3) (Mortele and Ros 2001; Qian et  al. 
2013; Soares et al. 2014). Hepatic MCNs show 
variable internal signal intensities on MRI, 
depending upon the amount of mucinous mate-
rial, hemorrhage, proteinaceous debris, internal 
septations, or solid components; on MRI, the 
cyst content is variable in signal intensity on 
T1-weighted and usually hyperintense on 
T2-weighted images (Fig.  4) (Borhani et  al. 
2014; Pitchaimuthu and Duxbury 2017). MCN 
shows a thick, T2 hypointense wall that may 
demonstrate delayed enhancement; and, the 

Fig. 3 A 78-year-old woman with mucinous cystic neo-
plasm (MCN) of the liver. Coronal contrast-enhanced CT 
image of the abdomen demonstrates a unilocular, well- 
defined cystic lesion in the right lobe of the liver (arrows) 
with minimally thickened wall (arrowhead). This cystic 
liver lesion was proven to be hepatic MCN on pathology

a b

c d

Fig. 4 (a–d) Mucinous cystic neoplasm (MCN) of the 
liver in a 79-year-old woman with abdominal distension. 
Axial T1-weighted (a), coronal T2-weighted (b), axial 
fat-saturated T2-weighted (c), and gadolinium-enhanced 
coronal T1-weighted (d) MR images of the abdomen 
demonstrate a large, multilobulated, septated cystic mass 
in the left lobe of the liver, extending into the right hepatic 

lobe (white arrows). The contents of this cystic mass are 
heterogeneously hyperintense on T1-weighted image 
(white arrowheads in a) and T2 hypointense peripheral 
nodules (black arrowheads in b). Irregularly thickened 
wall is seen that demonstrates heterogeneous enhance-
ment after gadolinium administration. This mass was 
proven to be MCN of the liver on surgical resection
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internal septations and solid nodules may show 
variable enhancement after gadolinium admin-
istration (Fig. 4). Typically, MCN demonstrates 
no adjacent bile ductal dilation or definite com-
munication with the adjacent bile ductal sys-
tem on MRI or MRCP (Vachha et  al. 2011). 
The presence of a large, solitary cystic liver 
lesion in a middle-aged or older women with-
out adjacent biliary duct dilatation or commu-
nication should raise the suspicion of MCN 
(Kim et al. 2010).

Risk of malignant transformation to invasive 
cholangiocarcinoma in hepatic MCNs can be as 
higher as 20% (Fragulidis et al. 2017). Benign 
tumors have thinner septa and less papillary pro-
jections and less likely to be hypervascular or 
show contrast enhancement when compared to 
their malignant counterparts. Although the pres-
ence of enhancing mural nodules and septations 
suggest the possibility of malignant MCN, it is 
sometimes not possible to diagnose malignancy 
preoperatively, and surgical resection is recom-
mended in all cases of MCNs (Del Poggio and 
Buonocore 2008; Pitchaimuthu and Duxbury 
2017). Aim of the treatment is the complete 
excision of MCN because of the high incidence 
of local recurrence in the liver after partial 
resection or marsupialization and a slow pro-
gression toward malignant transformation with 
a  reasonable frequency (Pitchaimuthu and 
Duxbury 2017). However, considering the low 
biologic potential of hepatic MCNs wide resec-
tion margin is not mandatory. Management of 
the peripherally located MCNs is complete sur-
gical resection, and the MCNs located centrally 
and close to biliary and vascular structures can 
be managed by enucleation of the tumor 
(Pitchaimuthu and Duxbury 2017). The pres-
ence of invasion, metastatic disease, and com-
pleteness of resection dictates the prognosis in 
hepatic MCNs. The prognosis of completely 
resected, noninvasive MCN is excellent and pro-
longed survival even in patients with invasive 
cholangiocarcinoma if treated appropriately; 
however, if MCNs are incompletely excised, 
drained, or marsupialized the prognosis is less 
favorable (Pitchaimuthu and Duxbury 2017; 
Zen et al. 2011).

1.2  Intraductal Papillary 
Neoplasm of the Bile Duct

Intraductal papillary neoplasm of the bile duct 
(IPNB) is recognized as a distinct clinicopatho-
logic entity in the 2010 WHO classification and 
defined as a biliary epithelial cystic neoplasm 
with dilated intrahepatic bile ducts filled with 
papillary or villous biliary tumors covering deli-
cate fibrovascular stalks, with and without mucin 
secretions, and absence of ovarian-like stoma 
(Bosman et al. 2010; Zen et al. 2006a). Previously 
described biliary tumors such as biliary  papilloma 
or papillomatosis, intraductal type of cholangio-
carcinoma, papillary type of bile duct carcinoma, 
and mucin-producing bile duct tumor are cur-
rently considered as IPNBs (Wan et  al. 2013). 
IPNB is regarded as the biliary counterpart of the 
intraductal papillary mucinous neoplasm of the 
pancreas (IPMN) (Nakanuma et al. 2014). IPNBs 
are further classified into three types based on the 
severity of epithelial dysplasia and invasiveness: 
(1) IPNB with low- or intermediate- grade 
intraepithelial neoplasia, (2) IPNB with high-
grade intraepithelial neoplasia, and (3) IPNB 
with an associated invasive carcinoma (Bosman 
et al. 2010). Along with MCN and biliary intraep-
ithelial neoplasia, IPNB is regarded as a precur-
sor lesion of cholangiocarcinoma (Park et  al. 
2018). The classification of IPNBs has been 
evolving as new information is identified regard-
ing tumor origin and growth patterns; however, 
based on morphology, IPNB can be classified 
into three major groups that include duct-ectatic 
type, cystic type, and an intermediate type. Duct-
ectatic type is characterized by multiple papillary 
tumors within a diffusely dilated duct, and cystic 
type shows a predominantly cystic lesion with 
communication with the adjacent intrahepatic 
bile duct. Intermediate type is characterized by a 
cystic lesion containing a solid component that 
communicates with the dilated mucin-filled bile 
ducts (Kim et al. 2011a).

IPNB is relatively rare biliary tumor compris-
ing 9–38% of all bile duct carcinomas (Barton 
et al. 2009). IPNBs are typically found in patients 
from the Far East due to the high prevalence of 
hepatolithiasis and clonorchiasis (Park et  al. 

V. Kukkar and V. S. Katabathina



97

2018). IPNBs are slightly more common in older 
men rather than women and occur between the 
ages of 50–70 years. The most common symp-
toms are intermittent abdominal pain, infection, 
and jaundice (Kim et al. 2012; Yang et al. 2012). 
Abdominal pain is probably related to the pres-
ence of biliary stones, cholangitis, or mucin 
secretion, causing high pressure in the biliary 
tract. Recurrent cholangitis is probably due to a 
large amount of mucin in the bile ducts intermit-
tently impeding bile flow, leading to repeated epi-
sodes of cholangitis (Rocha et  al. 2012). 
Intrahepatic bile duct is the most common site of 
origin for IPNB (69%) followed by extrahepatic 
bile duct (22%) and hilar location (9%); also, for 
unclear reasons, left side biliary system is pre-
dominantly involved, although the primary site of 
tumor origin does not affect the progress or prog-
nosis of the disease (Kim et al. 2012; Wan et al. 
2013; Wang et al. 2015).

IPNBs develop from stem cells in the bile 
ductules, bile duct epithelium, or peribiliary 
glands; the interplay between the two factors, 
epithelial proliferation and mucus production, 
decides the morphologic subtype of IPNB (Kim 
et  al. 2011a; Lim et  al. 2011). Recent develop-
ments indicate the development of the cystic 
IPNB from the peribiliary glands located within 
the wall of bile ducts or scattered in the surround-
ing connective tissue. These are the IPNBs which 
correspond to pancreatic IPMN of the branch 
duct type (Lim et al. 2011; Nakanishi et al. 2011, 
2009; Nakanuma and Sato 2012; Sato et  al. 
2014). Some other authors have proposed that 
aberrations in the biliary stem/progenitor cells 
located in the peribiliary glands predispose to the 
development of IPNB and mucin-producing 
cholangiocarcinoma (Cardinale et al. 2012). On 
gross pathology, IPNBs demonstrate papillary 
growth/mass within the lumen of the bile ducts 
with a superficial spreading pattern of growth and 
demonstrate mucin production in about one-third 
of cases. Sometimes, they also manifest as multi-
locular cystic mass (Wan et  al. 2013). 
Microscopically, IPNB is characterized as papil-
lary proliferation with a fibrovascular core; 
sometimes, tubulopapillary architecture can be 
seen in IPNB without mucin hypersecretion. 

There are four epithelial subtypes of IPNB, 
namely: (1) pancreaticobiliary, which is most 
common, (2) intestinal, (3) gastric, and (4) onco-
cytic type (Zen et al. 2006b). Cystic type of IPNB 
has morphological features similar to MCN, but 
ovarian-like stoma is never seen in IPNB, which 
is one of the defining characteristics of the MCN 
(Zen et al. 2006a, 2011). IPNBs may share many 
genetic aberrations associated with biliary 
intraepithelial neoplasia (BilIN), a precursor 
associated with the development of nonpapillary 
invasive cholangiocarcinoma (Kim et al. 2011a; 
Lim et al. 2011; Wan et al. 2013).

Imaging plays an important role in the diagno-
sis and management of patients with IPNB. Most 
common imaging findings of IPNB on CT/MRI 
are dilated intrahepatic bile ducts with or without 
associated intraductal masses, and gross cystic 
dilatations are originating from the biliary tract 
(Fig.  5) (Park et  al. 2018; Wang et  al. 2015). 
Multiple intraductal masses may show heteroge-
neous enhancement and associated bile ductal 
wall thickening (Lim et  al. 2011; Park et  al. 
2018). IPNBs appear as iso- to hypointense 
masses on T1-weighted and hyperintense masses 
on T2-weighted images (Fig.  5) (Yoon et  al. 
2013). Cholangioscopy including PTCS (percu-
taneous transhepatic cholangioscopy) and POCS 
(peroral cholangioscopy) can be performed to 
assess tumor location and extension, including 
superficial spreading along the biliary epithelium 
(Sakai et al. 2010; Tsou et al. 2008).

IPNBs can be categorized into different sub-
types depending on the size and morphology of 
the intraductal mass, degree of mucin secretion, 
tumor location, and biliary duct dilatation. Many 
authors have described different radiological/
morphological classification systems, which, for 
the most part, are similar, although with slight 
variations (Park et  al. 2018; Ying et  al. 2018). 
Park et al. (2018) classified IPNBs into four sub-
types: (1) masses with proximal ductal dilatation, 
(2) disproportionate dilatation without masses, 
(3) mass with proximal and distal ductal dilata-
tion, and (4) cystic lesions. Out of these four vari-
eties, “mass with proximal and distal ductal 
dilatation” subtype is the most common. Ying 
et al. (Ying et al. 2018) recently described seven 
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radiological/morphological subtypes of IPNB: 
(1) upstream-ductectatic type, (2) typical, (3) 
superficial spreading, (4) no mass-forming type; 
(5) intrahepatic-cystic type; (6) extrahepatic- 
cystic type, and (7) infiltrating type. This classifi-

cation system is most appropriate, with 
contrast-enhanced CT, and MRI can display dif-
ferent types of IPNB (Ying et  al. 2018). 
Morphological classification of IPNB facilitates 
the management of the disease.

a b

c

d

e

Fig. 5 (a–e) Intraductal papillary neoplasm of the bile 
duct (IPNB) in a 58-year-old woman with abdominal pain 
and jaundice. Axial (a) and coronal (b) contrast-enhanced 
CT images and axial T1-weighted (c), coronal 
T2-weighted (d), and gadolinium-enhanced T1-weighted 
(e) MR images of the liver demonstrate a multiloculated 
cystic lesion in the left hepatic lobe with enhancing septa-

tions and solid components (arrows) with associated dila-
tion of the intrahepatic bile ducts in the left lobe as well as 
dilation of the common bile duct (arrowheads). These 
imaging findings are highly concerning for mixed type of 
IPNB, which was subsequently proved on pathologic 
examination after surgical resection
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Type I (upstream-ductectatic type): This type 
demonstrates intraductal mass with proximal 
upstream biliary dilatation. Due to the absence 
of mucin production, only upstream biliary ducts 
are dilated owing to ductal obstruction by the 
tumor. Contrast-enhanced CT or MRI demon-
strates tumoral enhancement similar to the 
hepatic parenchyma on arterial phase; also nota-
ble is the absence of intense delayed contrast 
enhancement demonstrated by the conventional 
cholangiocarcinoma, which can be attributed to 
the lack of substantial fibrosis in IPNB (Wan 
et  al. 2013). T2-weighted MRI demonstrates 
papillary filling defect with a high signal of the 
background bile. Type II (typical type): This is 
the most common type with intraductal tumors 
and dilation of both proximal and distal bile 
ducts secondary to mucin. Dilatation in bile 
ducts containing tumors may be the most promi-
nent feature (Aoki et al. 2005; Zen et al. 2006b). 
Type III (superficial spreading type): Tumors 
spread along the inner walls of dilated bile ducts 
without obvious intraluminal projection or mass. 
Mucin production is usually present. Type IV 
(no mass-forming type): Bile ducts are dilated 
due to excessive mucin production without any 
obvious visible mass or tumor. Mucin, which is 
often not visible radiologically by either CT or 
MRI, can sometimes be detected on MRCP as 
linear and curved hypointense stripes in dilated 
ducts (Hong et al. 2016). The tumor is most often 
present in the disproportionately dilated portion 
of the biliary tree (Lim et al. 2008, 2004) with 
associated lobar atrophy. This subtype can be 
confused with choledochal cyst and recurrent 
pyogenic cholangitis. Type V (intrahepatic-cys-
tic type) demonstrates spherical dilatation of the 
intrahepatic bile duct with the visible intralumi-
nal tumor. Type VI (extrahepatic-cystic type) 
demonstrates spherical dilatation of the bile duct 
protruding outside of the liver contour with a 
visible intraluminal tumor. Type VII (infiltrating 
type) is where tumors not only grow within the 
bile duct but also invade the liver parenchyma 
outside of the bile duct with associated bile duct 
dilatation.

Risk of malignant transformation to invasive 
cholangiocarcinoma in IPNBs can be as higher 

as 80% and all IPNBs should be treated as 
malignant lesions (Park et al. 2018; Wan et al. 
2013; Ying et  al. 2018). MRI and MRCP are 
helpful to differentiate IPNB with an invasive 
carcinoma from IPNB with intraepithelial neo-
plasia preoperatively. The presence of visible 
intraductal mass, tumor size greater than 2.5 cm, 
the multiplicity of the tumor, bile duct wall 
thickening, and adjacent organ invasion suggest 
the possibility of invasive carcinoma in IPNB 
(Lee et al. 2019). MRI findings of invasive IPNB 
have a negative impact on recurrent-free sur-
vival; additionally, tumor multiplicity on MRI is 
an independent risk factor for tumor recurrence 
of IPNB after surgical resection (Lee et  al. 
2019). Cystic type of IPNB has to be differenti-
ated from MCN as the management and progno-
sis vary significantly, and imaging plays an 
important role in this task (Park et  al. 2018). 
While the presence of multiple intracystic septa-
tions with minimal intramural nodularity, 
absence of significant solid components, and 
absence of definite communication or dilation 
of adjacent intrahepatic bile ducts suggest the 
diagnosis of MCN, multilocular cystic lesion 
with multiple solid enhancing areas, adjacent 
bile ductal dilation, and communication raise 
the suspicion of cystic IPNB (Kim et al. 2011a; 
Lim et  al. 2011; Park et  al. 2018; Ying et  al. 
2018). However, there are rare case reports of 
MCN with bile ductal dilation and communica-
tion, and it is important to assess overall mor-
phology and growth pattern in these cases for 
definite preoperative characterization 
(Kunovsky et al. 2018).

Surgical resection is the mainstay of treat-
ment in IPNBs, and it has been shown that 
IPNBs carry a favorable prognosis when com-
pared to nonpapillary cholangiocarcinomas. 
Treatment depends upon the location of the 
tumor. If the tumor is located only in the intrahe-
patic bile ducts, hepatectomy is commonly per-
formed, and if extrahepatic bile ducts are 
involved, pancreaticoduodenectomy and bile 
duct resection is performed. It should be noted 
that extensive resection is advisable even in 
benign varieties, as the preoperative biopsy can-
not always reflect the architectural atypia (Wan 
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et al. 2013). The intraoperative frozen section at 
the stumps of the bile duct is essential to con-
firm the cancer-free surgical margin (Wang et al. 
2015; Yeh et al. 2006). Liver transplantation is 
an option if extensive multifocal or diffuse 
involvement of the biliary tract is found preop-
eratively. In addition, invasive cholangiocarci-
nomas may develop after initial surgical 
resection of primary tumor; thus long-term 
imaging surveillance with MRI and MRCP is 
very important in patients with IPNB (Fig.  6). 
Development of invasive adenocarcinoma, par-
ticularly those with mucinous carcinomas, has 
more favorable prognoses than cholangiocarci-
noma (Park et al. 2018).

1.3  Cystic Hepatocellular 
Carcinoma

Cystic hepatocellular carcinoma (HCC) is rare 
malignancy and could present as a multilocular 
cystic mass with enhancing septations and solid 
components mimicking a hepatic MCN on imag-
ing (Vachha et al. 2011). Cystic changes in HCC 
are likely secondary to either spontaneous inter-
nal necrosis/hemorrhage or cystic degeneration 
in the rapidly growing tumor or due to liquefac-
tive necrosis after locoregional therapies such as 
radiofrequency ablation (RFA), microwave abla-
tion (MWA), and trans-arterial chemoemboliza-
tion (TACE) (Mortele and Ros 2001). While the 
cystic component of the tumor denotes either 
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Fig. 6 (a–c) Invasive cholangiocarcinoma development 
after surgical resection of intraductal papillary neoplasm 
of the bile duct (IPNB) involving the left hepatic lobe in a 
73-year-old man. Axial contrast-enhanced CT image (a), 
and 3D MRCP (b), and gadolinium-enhanced T1-weighted 
(c) MR images of the liver demonstrate an ill-defined, het-

erogeneously enhancing soft tissue mass at the porta 
hepatis abutting the right portal vein (arrows) resulting in 
moderate intrahepatic biliary ductal dilation involving the 
right hepatic lobe (arrowheads). This mass was proven to 
be invasive cholangiocarcinoma on pathology
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spontaneous necrosis or hemorrhage, solid nodu-
lar components or septa denote the viable malig-
nant portions of the tumor (Alobaidi and 
Shirkhoda 2004). Patients with cystic HCC may 
present with clinical signs of inflammation such 
as fever and elevated white count and imaging 
findings suggesting a hepatic abscess; however, if 
there are signs or complications of underlying 
cirrhosis, cystic HCC should be considered in the 
differential diagnosis (Powers et al. 1994; Vachha 
et al. 2011).

On US, cystic HCC appears either as a multi-
locular cystic mass with solid nodular compo-
nents and septations or a solid mass with extensive 
central necrosis/cystic areas (Fig. 7) (Qian et al. 
2013). At CT/MR imaging, cystic HCC may have 

a varied imaging appearances; it can either appear 
as an atypical multilocular cystic mass with inter-
nal necrotic or hemorrhagic areas or a large, cys-
tic mass with peripheral enhancement (Fig.  7) 
(Mortele and Ros 2001; Qian et al. 2013; Vachha 
et  al. 2011). Multiple cystic areas with internal 
septations and solid components may also 
develop in the infiltrating HCC (Fig. 8) (Alobaidi 
and Shirkhoda 2004). The solid components of 
the cystic HCC, including nodules or septations, 
demonstrate imaging features of HCC, including 
arterial phase hyperenhancement with portal 
venous and delayed phase washout and delayed 
capsular enhancement (Fig.  8). “Abnormal 
 internal vessels and variegated pattern” in the 
mural nodules is an interesting feature that 

a b

c

Fig. 7 (a–c) Cystic hepatocellular carcinoma (HCC) in a 
59-year-old man, who came to emergency room with right 
upper quadrant pain. (a). Transverse grayscale US image 
of the right upper quadrant shows a large liver mass with 
significant central necrosis (arrows). (b, c) Contrast- 
enhanced axial (b) and coronal (c) CT images of the upper 

abdomen demonstrate a large, necrotic liver mass (arrows) 
with peripheral rim enhancement and scattered foci of 
intralesional air (arrowheads) mimicking an abscess. This 
mass was proven to be cystic HCC with extensive necrosis 
on pathology
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strongly suggests the possibility of HCC (Fig. 8) 
(Qian et al. 2013). These findings are described 
by Nino-Murcia et  al. as either visible internal 
vessels with an irregular distorted contour or ran-
domly distributed hyperattenuating and hypoat-
tenuating regions in the hepatic mass 
(Nino-Murcia et al. 2000). Compared to sponta-
neous necrosis, the coagulative necrosis in the 
ablative zone appears as an oval or round area 
with heterogeneously high signal intensity on 
T1-weighted and low signal intensity on 
T2-weighted MR images (Fig.  9) (Kim et  al. 
2011b). At CT, TACE-induced hemorrhagic 
coagulative necrosis is characterized by hyperat-
tenuating iodized oil retention within the tumor. 

Also, adjacent hepatic capsular retraction is com-
mon in patients who have undergone prior abla-
tion or TACE (Blachar et al. 2002).

1.4  Cystic Liver Metastases

Metastases are the most common malignant neo-
plasms of the liver and are far more common 
than primary liver tumors (Borhani et al. 2014; 
Sica et  al. 2000). Most of the liver metastases 
arise from the gastrointestinal tract with colorec-
tal cancer being the most common primary 
tumor; adenocarcinomas are the most frequent 
primary tumors that metastasize to the liver, fol-

a b
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Fig. 8 (a–d) Infiltrating hepatocellular carcinoma (HCC) 
in a 50-year-old man with multifocal cystic areas second-
ary to extensive necrosis. Axial and coronal contrast- 
enhanced CT images of the liver obtained during the 
arterial phase (a, b) and axial CT image obtained during 
the portal venous phase (c) demonstrate infiltrating HCC 

in the right hepatic lobe with multiple cystic areas (arrows) 
and abnormal internal vessels and variegated pattern in 
the mural nodules during arterial phase (arrowheads). (d). 
Coronal gadolinium-enhanced T1-weighted image shows 
multiple cystic foci with the infiltrating HCC (arrows)
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lowed by squamous cell cancers (Borhani et al. 
2014; Qian et  al. 2013). While the majority of 
liver metastases spread by hematogenous route, 
ovarian carcinoma metastases spread by perito-
neal seeding that result in serosal implants on 
both the visceral peritoneal surface of the liver 
and the parietal peritoneum of the diaphragm 
(Mortele and Ros 2001). Majority of the hepatic 
metastases present as multiple solid lesions that 
are hypoattenuating to the adjacent liver paren-
chyma on CT with irregular peripheral rim 
enhancement. However, select hepatic metasta-
ses are partially or entirely cystic in nature. 
Cystic hepatic metastases are comparatively less 
common and they are commonly seen secondary 
to the rapid growth and insufficient vascular sup-

ply to the lesion, leading to cystic degeneration 
and necrosis (Mortele and Ros 2001), which is 
frequently seen in metastases from a neuroendo-
crine tumor, pancreatic adenocarcinoma, renal 
cell carcinoma, lung adenocarcinoma, chorio-
carcinoma, sarcoma, melanoma, or gastrointesti-
nal stromal tumor (GIST) (Figs.  10 and 11) 
(Qian et  al. 2013). Cystic change can also 
develop due to abundant mucin production from 
mucinous adenocarcinomas, such as colorectal 
or ovarian carcinoma or secondary to systemic 
or locoregional treatment (Fig. 12) (Kanematsu 
et al. 2006; Sandrasegaran et al. 2005; Warakaulle 
and Gleeson 2006).

On CT, cystic hepatic metastases appear as 
multiple cystic lesions with thick, irregularly 
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Fig. 9 (a–c) Cystic appearance of hepatocellular carci-
noma (HCC) after treatment with microwave ablation in a 
65-year-old woman. Axial T1-weighted (a), axial 
T2-weighted (b), and gadolinium-enhanced coronal 
T1-weighted (c) MR images of the liver demonstrate 
treated HCC in the hepatic dome with heterogeneously 

hyperintense foci on T1-weighted image (arrowheads) 
suggestive of coagulative necrosis. The treated HCC is 
diffusely hyperintense on T2-weighted image and shows 
peripheral rim enhancement after gadolinium administra-
tion (arrows)
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enhancing wall, nodular septations, mural nod-
ularity, and internal debris (Figs.  10 and 11). 
Given the presence of mucin, hemorrhage, and 
necrosis, attenuation of the cystic component is 
higher than simple fluid (Qian et  al. 2013). 
Also, mucinous metastases from colorectal or 
ovarian primary may demonstrate scattered cal-
cifications (Fig. 12). On MR, cystic metastases 
demonstrate moderately low signal on 
T1-weighted and moderately high signal on 
T2-weighted images with a hyperintense center 
(liquefactive necrosis) surrounded by a less 
intense rim of viable tumor (Fig. 11). Given the 
hypervascular nature, hepatic metastases from 
choriocarcinoma demonstrate peripheral nodu-
lar enhancing foci that likely represent pseudo-
aneurysms (Fig.  13). Differential diagnosis 

Fig. 10 Cystic metastases to the liver in an 85-year-old 
woman with pancreatic ductal adenocarcinoma. Coronal 
contrast-enhanced CT image of the abdomen shows mul-
tiple focal cystic lesions in the liver that were proven to be 
metastatic disease on pathology
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Fig. 11 (a–d) Cystic and necrotic hepatic metastases in a 
52-year-old man with pancreatic neuroendocrine tumor. 
Axial contrast-enhanced CT image of the liver (a) and 
axial T1-weighted (b), coronal T2-weighted (c), and axial 
gadolinium-enhanced T1-weighted (d) MR images of the 
liver demonstrate multiple cystic lesions of varying sizes 

that demonstrate iso- to hyperintense signal on 
T1-weighted image suggestive of hemorrhagic/protein-
aceous contents (arrows). They appear hyperintense on 
T2-weighted image and heterogeneous enhancement after 
gadolinium administration with central necrosis and cys-
tic change
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includes polycystic liver disease and multiple 
hepatic abscesses. Polycystic liver disease cysts 
have mostly smooth walls, and they displace 
adjacent vessels, whereas cystic metastases are 
heterogeneous with ragged, irregular borders. 
Multiple liver abscesses are easily distinguished 
from the cystic metastases by the clinical find-
ings, presence of intralesional air, and the pres-
ence of a late faint enhancing peripheral rim on 
CT/MR when compared to the early arterial 
enhancing ring observed in the case of metasta-
ses (Mortele et al. 2004).

2  Rare Cystic Tumors 
of the Liver

2.1  Intrahepatic 
Cholangiocarcinoma

Intrahepatic cholangiocarcinoma is usually dif-
ferentiated into three morphologic subtypes: (1) 
mass forming, (2) periductal infiltrating, and (3) 
intraductal growth (Fabrega-Foster et  al. 2017; 
Seo et  al. 2017). Mass-forming cholangiocarci-
noma (M-CCA) is the most common subtype that 
demonstrates incomplete peripheral  enhancement 
in the arterial phase that may become iso- or 
hypodense in the portal venous phase (Ringe and 
Wacker 2015). The central fibrous stroma 
enhances most prominently in the delayed phase 
unless there is abundant central mucin or necrosis 
(Valls et  al. 2000). With necrotic or mucin- 
producing M-CCAs, the central portion does not 
enhance in the late phase and remains hypodense 
throughout all three phases, when it can be con-
fused with other peripherally enhancing multi-
locular cystic liver lesions (Fig.  14) (Alobaidi 
and Shirkhoda 2004; Ringe and Wacker 2015). 
Ancillary features of M-CCA on CT/MR include 

a

b

Fig. 12 (a, b) Cystic metastases from colonic adenocar-
cinoma in a 68-year-old woman. Axial (a) and coronal (b) 
contrast-enhanced CT images of the liver demonstrate 
multiple cystic lesions in the liver (arrows) with central 
calcifications (arrowhead). These lesions were proven to 
be metastatic disease from mucinous adenocarcinoma of 
the colon

Fig. 13 Cystic metastases from gestational choriocarci-
noma in a 33-year-old woman. Coronal contrast-enhanced 
CT image of the liver demonstrates multiple hypodense, 
cystic lesions in the liver (arrows) with peripheral enhanc-
ing foci (arrowheads) suggestive of pseudoaneurysms. 
These lesions were proven to be metastatic disease from 
gestational choriocarcinoma on pathology
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capsular retraction, biliary obstruction, satellite 
nodules, vascular encasement, lobar atrophy, and 
lymphadenopathy and these features help to dif-
ferentiate cholangiocarcinoma from other malig-
nant cystic tumors (Ringe and Wacker 2015).

2.2  Giant Cavernous 
Hemangioma

Cavernous hemangioma is the second most com-
mon cause of focal liver lesions after metastases. 
Most lesions are solid, are less than 5 cm in size, 
and are asymptomatic. However, select tumors 

can become very large and outgrow their blood 
supply leading to cystic degeneration. These can 
cause symptoms such as compression of adja-
cent structures, rupture, or acute thrombosis 
(Vachha et al. 2011). On US, a giant cavernous 
hemangioma may demonstrate similar features 
as of  cavernous hemangiomas, such as a well-
circumscribed echogenic periphery with a 
hypoechoic center (Vachha et al. 2011). On CT/
MR, the central cystic component remains non- 
enhancing in all phases of the post-contrast 
study. The peripheral portion of the lesion dem-
onstrates discontinuous nodular enhancement in 
the arterial phase with progressive fill-in in the 
portal venous and delayed phases similar to the 
conventional cavernous hemangiomas (Fig. 15) 
(Vachha et al. 2011).

2.3  Mesenchymal Hamartoma

Mesenchymal hamartoma is an uncommon tumor 
that usually occurs in children less than 2 years of 
age (Qian et al. 2013). This tumor is considered 
as a developmental lesion containing bile ducts, 
immature mesenchymal cells, and hepatocytes. 
Imaging appearance of mesenchymal hamartoma 
is largely dependent on the proportion of the cys-
tic and solid components. Cystic portions are 
avascular, and stromal portions are relatively 
hypovascular (Ros et  al. 1986). At US, mesen-
chymal hamartoma appears as a cystic mass with 

Fig. 14 Cystic cholangiocarcinoma in a 57-year-old 
woman. Axial contrast-enhanced CT image of the liver 
shows a centrally necrotic tumor with peripheral hetero-
geneous enhancement (arrows). This was proven to be a 
mass-forming intrahepatic cholangiocarcinoma on 
pathology

a b

Fig. 15 (a, b) Cystic appearing giant cavernous heman-
gioma of the liver in a 25-year-old woman. Axial contrast- 
enhanced CT images of the liver obtained during the 

arterial (a) and portal venous (b) phases demonstrate a 
large cavernous hemangioma in the liver (arrows) with 
central necrosis appearing as a cystic mass
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thin or thick internal septations (Gow et al. 2009). 
On CT, these tumors appear as a complex cystic 
mass with a relatively hypodense stromal compo-
nent, when compared to the surrounding liver 
parenchyma. Solid stromal component and septa-
tions show post-contrast enhancement. On MR, 
solid stromal component demonstrates low signal 
on both T1- and T2-weighted images secondary 
to fibrosis. Cystic component demonstrates a 
high T2 signal with the variable signal on 
T1-weighted images depending upon the protein 
content of the cyst material (Mortele and Ros 
2002; Qian et al. 2013).

2.4  Undifferentiated Embryonal 
Sarcoma

Undifferentiated embryonal sarcoma (UES) is a 
rare, malignant hepatic tumor affecting older 
children and presents as a cystic mass with 
enhancing septations and solid areas (Lauwers 
et  al. 1997). Hemorrhage and necrosis are fre-
quently seen within the tumor. On CT, UES 
appears as a well-defined complex but predomi-
nantly cystic mass with enhancing solid septa-
tions and a pseudo-capsule separating it from 
adjacent normal liver parenchyma (Mortele and 
Ros 2001). It appears cystic on CT/MRI and solid 
on ultrasound due to high myxoid content of the 
cystic component (Alobaidi and Shirkhoda 2004; 
Mortele and Ros 2001). On MR, UES demon-
strates low T1 and high T2 signal with scattered 
areas of hemorrhage (Qian et  al. 2013). Solid 
areas demonstrate delayed post-contrast enhance-
ment, and pseudo-capsule demonstrates early 
arterial enhancement (Buetow et al. 1997; Yoon 
et al. 1997).

2.5  Inflammatory Myofibroblastic 
Tumor

An inflammatory myofibroblastic tumor (IMT), 
also known as “inflammatory pseudotumor,” is 
an uncommon cause of focal hepatic cystic 
lesions and is presumed to be occurring as a 
hepatic regenerative response to inflammation 

(Faraj et al. 2011; Yoon et al. 1999). Symptoms 
are nonspecific and include right upper quadrant 
pain, jaundice, and sometimes obliterative phle-
bitis. Although cross-sectional imaging features 
are nonspecific, IMT commonly appears as a 
multilocular, predominantly cystic mass with a 
remarkable delayed enhancement of internal 
septa, which is presumably due to delayed wash-
out of contrast medium accumulating in the 
extravascular space (Anderson et  al. 2009; 
Fukuya et al. 1994; Venkataraman et al. 2003).

3  Conclusion

The increasing availability of cross-sectional 
imaging has led to a significant increase in the 
incidental detection of asymptomatic cystic liver 
lesions, and it is essential to differentiate cystic 
liver neoplasms from benign entities. Cystic liver 
tumors demonstrate characteristic pathologic 
findings, imaging features, natural history, and 
prognoses. Cross-sectional imaging plays a piv-
otal role in the initial diagnosis, treatment follow-
 up, and surveillance of these tumors. Awareness 
of various cystic liver tumors and familiarity with 
their cross-sectional imaging findings permit 
appropriate diagnosis and patient management.
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Abstract
Uncommon liver tumors do not have specific 
imaging features, but MRI is still the best 
imaging modality for the detection and char-
acterization of these uncommon tumors com-
pared to other imaging modalities including 
CT and US. Due to nonspecific MRI features 
of these tumors in a significant number of 
patients, histopathologic diagnosis is usually 
required for definitive diagnosis. However, 
some distinctive imaging features could still 
be detected on MRI in this group of 

uncommon liver tumors. MRI features of 
uncommon liver tumors will be reviewed in 
this chapter, particularly emphasizing dis-
tinctive features.

1  Uncommon Liver Tumors

Magnetic resonance imaging (MRI) is the best 
imaging modality for the detection and character-
ization of focal liver lesions compared to other 
imaging modalities including computed tomog-
raphy (CT) and ultrasound (US) (Matos et  al. 
2015; Braga et  al. 2015). Common primary 
hepatic benign and malignant lesions including 
cysts, biliary hamartomas, focal nodular 
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hyperplasia, adenoma, hepatocellular carcinoma 
(HCC), and cholangiocarcinoma (CCA) can be 
characterized on MRI with high accuracy due to 
their specific imaging features (Matos et al. 2015; 
Braga et al. 2015). However, rare primary hepatic 
tumors do not have specific MRI features, and 
therefore histopathologic diagnosis is usually 
required for definitive diagnosis due to relatively 
lower accuracy of MRI for characterization of 
these tumors (Semelka et  al. 2018). Although 
MRI features are not specific, some distinctive 
MRI features could be helpful in the diagnosis of 
each entity in this group of tumors (Semelka 
et al. 2018). CT and US are generally not used for 
the characterization of uncommon hepatic lesions 
in the great majority of patients, and therefore in 
this chapter, MRI features of angiomyolipoma, 
extramedullary hematopoiesis, mixed HCC- 
CCA, fibrolamellar HCC, epithelioid hemangio-
endothelioma, sarcomas, and lymphoma will be 
reviewed.

1.1  Extramedullary 
Hematopoiesis

Extramedullary hematopoiesis (EMH) is defined 
as the production of blood elements outside of 
the bone marrow (Georgiades et al. 2002). It is a 
compensatory mechanism that occurs in ineffec-
tive erythropoiesis which could be secondary to 
infiltrative bone marrow processes or secondary 
to dysfunctional erythrocyte production.

Extramedullary hematopoiesis can occur by 
direct expansion, when normal hematopoietic tis-
sue expands through the cortex through small 
erosions. This is the more typical pattern of 
EMH, manifesting as paraspinal masses with 
areas of soft tissue and fat attenuation (Georgiades 
et  al. 2002; Orphanidou-Vlachou et  al. 2014; 
Jelali et al. 2006; Roberts et al. 2016).

The other form of EMH occurs through reacti-
vation of previously dormant hematopoietic tis-
sue, which is a site of hematopoietic production 
during fetal and early life, most commonly the 
liver, spleen, and lymph nodes (Georgiades et al. 
2002; Orphanidou-Vlachou et  al. 2014; Jelali 
et al. 2006; Roberts et al. 2016). However, other 

visceral sites, such as the kidneys, adrenal glands, 
lung, pleura, skin, breasts, dura mater, ovary, thy-
mus, gastrointestinal tract, and CNS, may also be 
involved (Georgiades et  al. 2002; Orphanidou- 
Vlachou et  al. 2014; Jelali et  al. 2006; Roberts 
et al. 2016).

Although EMH frequently involves the liver, 
it is rarely found only within the liver. More com-
monly, it presents intraabdominally with nonspe-
cific features of hepatosplenomegaly and 
adenopathy secondary to diffuse infiltration 
(Georgiades et  al. 2002; Orphanidou-Vlachou 
et al. 2014; Jelali et al. 2006; Roberts et al. 2016) 
and could be accompanied by iron deposition 
(Fig. 1).

Rarely, EMH can manifest as mass-like 
lesions. MR imaging characteristics will vary, 
depending on the fat content and hematopoietic 
elements, and are usually nonspecific (Georgiades 
et  al. 2002; Orphanidou-Vlachou et  al. 2014; 
Jelali et  al. 2006; Roberts et  al. 2016). These 
lesions are usually mildly T1 hypointense and T2 
hyperintense and show minimal enhancement 
(Georgiades et  al. 2002; Orphanidou-Vlachou 
et al. 2014; Jelali et al. 2006; Roberts et al. 2016). 
Rarely, EMH can manifest as a predominantly 
fatty lesion (Georgiades et al. 2002; Orphanidou- 
Vlachou et  al. 2014; Jelali et  al. 2006; Roberts 
et al. 2016). However, because the imaging find-
ings are nonspecific, EMH should be included in 
the differential diagnosis of hepatic lesions in 
patient with myeloproliferative disorders.

1.2  Angiomyolipoma

Angiomyolipomas (AMLs) are commonly found 
in the kidneys, but they are rare hepatic tumors 
and often present a diagnostic dilemma (Prasad 
et  al. 2005; Kamimura et  al. 2012). Hepatic 
AMLs could be sporadic or associated with 
tuberous sclerosis (TS) (Prasad et  al. 2005; 
Kamimura et al. 2012). The patients with AMLs 
do not have history of chronic liver disease and 
do not demonstrate symptoms.

Hepatic AMLs are much less common than 
renal AMLs in patients with TS (Fig. 2). AMLs in 
patients with TS tend to be smaller and multiple 
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and are most often lipomatous subtype, making 
them easier to recognize due to their mature fat 
content. In contrast to AMLs associated with TS, 
sporadic AMLs are much rarer and are usually 
solitary.

There are four subtypes of AMLs, classified 
by the predominant cell subtype: mixed, lipoma-
tous, myomatous, and angiomyomatous 
(Kamimura et al. 2012). The mixed and lipoma-
tous subtypes are the most easily identified due to 
mature fatty component, with lipomatous sub-
type being composed of more than 70% fat. 

Angiomyomatous subtype is also easier to recog-
nize, identified by large, malformed vascular 
components. Because of the large vessels, angio-
myomatous subtype may be mistaken for intrahe-
patic arterial venous malformations. The 
myomatous subtype is the most difficult to diag-
nose on imaging due to its low fat content (<10% 
fat) and overlap in appearance with other hyper-
vascular lesions (Kamimura et al. 2012).

MRI can demonstrate both mature fatty ele-
ments with fat-suppressed imaging and micro-
scopic amount of fat on opposed-phase imaging 

a b

c d

Fig. 1 Extramedullary hematopoiesis. Coronal 
T2-weighted single-shot echo train spin echo (a), coronal 
T1-weighted two-dimensional gradient echo (b), and 
transverse T1-weighted two-dimensional gradient echo 

in-phase (c) and out-of-phase (d) images demonstrate dif-
fuse iron deposition in the liver, spleen, and bone marrow, 
and this is a common finding of extramedullary hemato-
poiesis. Please note bilateral severe hydronephrosis
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(Fig. 2). While the presence of mature fatty ele-
ments suggests the diagnosis of AML, it is not a 
specific feature. Other lesions in the liver may 
contain macroscopic fat, most notably and com-
monly hepatocellular carcinoma and adenomas. 
Lipomas, liposarcomas, and teratomas may con-
tain macroscopic fat, but these lesions are 
extremely rare (Prasad et  al. 2005; Kamimura 
et al. 2012).

AMLs show avid arterial enhancement of 
their angiomyomatous components which 
become either isoenhancing or hypoenhancing 
on portal venous and interstitial phase imaging 
on postgadolinium T1-weighted sequences. The 
lipomatous elements may not demonstrate sig-
nificant enhancement on all phases (Fig. 2). The 
appearance of central enhancing vessels suggests 
the diagnosis of AML as well as the presence of a 
large draining vein extending from the tumor to 
the IVC or hepatic/portal veins, called early 
venous return, which is specific to AML. AMLs 
do not retain contrast with hepatobiliary contrast 
agents since they lack hepatocytes. Mildly 
restricted diffusion and hemorrhage could be 

detected in these lesions (Prasad et  al. 2005; 
Kamimura et al. 2012).

Since hepatocellular carcinomas also show 
avid arterial enhancement and may contain both 
mature and microscopic fatty elements, distin-
guishing between these two entities may be dif-
ficult. The presence of intralesional central 
vessels in arterial phase imaging and early venous 
return are more specific to AMLs and suggest this 
diagnosis instead of HCC.  Clinical factors are 
also useful for distinguishing AML from HCC, as 
AMLs are not associated with tumor markers, 
cirrhosis, or hepatitis (Lee et al. 2016).

1.3  Mixed Hepatocellular 
Carcinoma 
and Cholangiocarcinoma 
(Mixed HCC-CCA)

These comprise a minority of primary hepatic 
malignancies, accounting for 0.4–14.5%, and 
also referred to as biphenotypic tumors (Fowler 
et al. 2013). In general, the risk factors and patient 

a b c

d e f

Fig. 2 Angiomyolipoma. Transverse T2-weighted fat- 
suppressed single-shot echo train spin echo (a), transverse 
T1-weighted two-dimensional gradient echo in-phase (b) 
and out-of-phase (c), transverse T1-weighted three- 
dimensional fat-suppressed precontrast (d), and postgado-
linium late arterial phase (e) and hepatic venous phase (f) 
images demonstrate an angiomyolipoma in the right lobe 
of the liver (thin arrow, a–c, d, f) and pancreatic neuroen-
docrine tumor (thick arrows, a–f) in a patient with tuber-
ous sclerosis (TS). The angiomyolipoma appears 

relatively isointense on T2-weighted image but shows 
signal drop on T1-weighted out-of-phase image (c) com-
pared to in-phase image (b) and on fat-suppressed precon-
trast which is consistent with fat content. The 
angiomyolipoma appears hypoenhancing compared to the 
background liver on postgadolinium images (e, f). The 
pancreatic neuroendocrine tumor shows high T2 signal 
(a) and low T1 signal on T1-weighted in-phase (b) and 
out-of-phase (c) images and heterogeneous enhancement 
on postgadolinium images (e, f)
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demographics of mixed HCC-CCA are similar to 
HCC and CCA including chronic liver disease, 
male sex, and advanced age. Serum tumor mark-
ers including alpha-fetoprotein and CA 19-9 
could be helpful in the diagnosis of this tumor. 
Prognosis has been reported to be worse com-
pared to HCC and CCA (Fowler et al. 2013).

Mixed HCC-CCA can mimic MR imaging 
features of HCC or CCA or both (Fowler et al. 
2013; de Campos et  al. 2012; Potretzke et  al. 
2016). This tumor usually shows mildly high T2 

signal and mildly to moderately low T1 signal 
and could be associated with diffusion restric-
tion, capsular retraction, and biliary ductal dila-
tion. If the tumor contains separate components 
of HCC and CCA, combined imaging features of 
HCC and CCA could be distinctive for mixed 
HCC-CCA.  Therefore, while part of the tumor 
may demonstrate later arterial phase enhance-
ment associated with later washout (Fig. 3) ± cap-
sule on the hepatic venous or interstitial phase, 
suggestive of HCC, the other part of the tumor 

a b

c d

Fig. 3 Mixed hepatocellular carcinoma and cholangio-
carcinoma. Transverse T2-weighted fat-suppressed 
single- shot echo train spin echo (a), transverse 
T1-weighted fat-suppressed precontrast three- dimensional 
gradient echo (b), and postgadolinium late hepatic arterial 
phase (c) and interstitial phase (d) images demonstrate 
mixed hepatocellular carcinoma and cholangiocarcinoma 
in a cirrhotic liver. The lesion shows mildly high T2 signal 
(a) with central necrosis and moderately low T1 signal (b) 

on precontrast image. Heterogeneous prominent enhance-
ment on the late arterial phase (c) is noted with associated 
areas of washout and areas of persistent predominantly 
peripheral enhancement on the interstitial phase (d). 
Specifically note that an area of early enhancement on the 
late arterial phase shows relative washout on the intersti-
tial phase (arrows, c, d). Ascites and prominent/enlarged 
portacaval and retroperitoneal lymph nodes are also 
present
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may demonstrate progressive enhancement 
toward the center which increases particularly 
on the interstitial phase, suggestive of CCA 
(Fig.  3). However, the tumor can also show 
peripheral rim enhancement on the late arterial 
phase with mild central progressive enhance-
ment on the later phases, and associated periph-
eral washout may also be detected on the later 
phases (Fowler et  al. 2013; de Campos et  al. 
2012; Potretzke et al. 2016).

1.4  Fibrolamellar Hepatocellular 
Carcinoma

Fibrolamellar HCC comprises less than 1% of 
HCC in the United States and usually exhibits 
slow growth and more favorable prognosis com-
pared to HCC (Ganeshan et  al. 2014). 
Characteristically 95% of fibrolamellar HCC is 
seen in patients who do not have underlying 
chronic liver disease or cirrhosis, and it typically 
occurs in young adults and more frequently in 
females (Ganeshan et al. 2014; Smith et al. 2008).

MR imaging features include variable hetero-
geneous precontrast T1 and T2 signal, but fibrola-
mellar HCC usually shows mild to moderate high 
signal on T2-weighted sequences and moderate 
to markedly low signal on T1-weighted sequences 
(Ganeshan et al. 2014; Smith et al. 2008). Central 
scar is a typical imaging feature which is usually 
large and heterogeneous and demonstrates low 
T2 signal (Fig. 4) (Ganeshan et al. 2014; Smith 
et  al. 2008). The tumor shows heterogeneous 
increased enhancement on the late arterial phase 
with associated persistent or progressive hetero-
geneous enhancement on the later phases (Fig. 4); 
however, relative mild fading (Fig. 4) or washout 
could also be seen on the later phases. The central 
scar typically does not demonstrate enhancement 
on the late arterial phase and later phases (Fig. 4) 
(Ganeshan et al. 2014; Smith et al. 2008).

The differentiation of fibrolamellar HCC from 
conventional HCC and focal nodular hyperplasia 
(FNH) is critical. The distinctive feature of 
fibrolamellar HCC compared to FNH is the large 
heterogeneous central scar showing T2 dark sig-

nal and no or minimal enhancement on the late 
arterial phase and later phases (Semelka et  al. 
2018). The central scar of FNH, which is again a 
typical imaging feature for FNH, is usually small 
and homogeneous with associated high T2 signal 
and enhancement on the later phases (Semelka 
et al. 2018). HCCs may also have central scar or 
necrosis mimicking central scar, which usually 
shows high T2 signal. Therefore, the signal inten-
sity of central scar is a helpful feature for the dif-
ferentiation of HCC from fibrolamellar HCC 
(Semelka et al. 2018).

1.5  Epithelioid 
Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a 
rare malignant slow-growing vascular tumor, 
usually occurring in middle-aged patients with 
female predilection (Semelka et  al. 2018, 
Giardino et  al. 2016; Paolantonio et  al. 2014). 
These tumors usually have low-grade malignancy 
and contain fibrotic component (Semelka et  al. 
2018).

EHE can be nodular or diffuse in form 
(Semelka et  al. 2018, Giardino et  al. 2016; 
Paolantonio et al. 2014). Single or multiple nod-
ules could be present with nodular form (Fig. 5). 
Diffuse form is characterized by infiltrative 
masses which usually forms secondary to coales-
cence of nodules and is usually located at the 
periphery of the liver (Semelka et  al. 2018, 
Giardino et al. 2016; Paolantonio et al. 2014).

MR imaging features are not specific with 
variable precontrast T1 and T2 signal intensity 
although the lesions usually demonstrate mildly 
to moderately high T2 signal and mildly to mod-
erately low T1 signal (Semelka et  al. 2018, 
Giardino et  al. 2016; Paolantonio et  al. 2014). 
Postcontrast imaging findings could also be vari-
able, but the most common finding is peripheral 
ring enhancement on the late arterial phase 
(Fig. 5) which may be associated with targetoid 
appearance on the later phases (Semelka et  al. 
2018, Giardino et  al. 2016; Paolantonio et  al. 
2014). The targetoid appearance could 
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demonstrate peripheral rim enhancement with 
associated outer hypointense band and central 
enhancing core and delayed progressive enhance-
ment toward the center (Semelka et  al. 2018; 
Giardino et  al. 2016; Paolantonio et  al. 2014). 
However, targetoid appearance is uncommon in 
lesions smaller than 2 cm (Semelka et al. 2018).

1.6  Undifferentiated Embryonal 
Sarcomas

Undifferentiated embryonal sarcoma (UES) is a 
rare mesenchymal tumor occurring most fre-
quently in pediatric patients and accounts for 
13% of pediatric hepatic malignancies (Iqbal 

a b

c

d

Fig. 4 Fibrolamellar hepatocellular carcinoma. Coronal 
T2-weighted single-shot echo train spin echo (a), trans-
verse T1-weighted two-dimensional gradient echo (b), 
transverse T1-weighted fat-suppressed postgadolinium 
late hepatic arterial phase (c), and coronal T1-weighted 
fat-suppressed postgadolinium interstitial phase (d) 
images show metastatic fibrolamellar hepatocellular car-
cinoma. The mass shows mildly high T2 signal and cen-

tral scar with low T2 signal (arrow, a). Heterogeneous 
intense early enhancement is seen on the late arterial 
phase with associated persistent heterogeneous enhance-
ment on the interstitial phase. Please note that the central 
scar shows hypoenhancement (arrow, d). Metastatic 
lesions are seen in the liver, right lateral abdominal wall, 
porta hepatis, mediastinum and right sided lung
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et al. 2008). A few cases have been reported in 
adults. The prognosis of UES has been reported 
to be poor.

These lesions usually present as complex 
mass lesions with cystic and/or necrotic compo-
nents or centers (Iqbal et al. 2008; Tsukada et al. 
2010). Therefore, these lesions demonstrate 
moderately to markedly high T2 signal and mod-
erately to markedly low T1 signal (Iqbal et  al. 
2008; Tsukada et  al. 2010). These lesions may 
also demonstrate areas of hemorrhage showing 
high T1 signal and low T2 signal. Peripheral rim 
enhancement is seen on the late arterial phase 
with associated progressive enhancement of the 
solid components on the later phases. Cystic and 
necrotic components and areas of hemorrhage do 
not demonstrate evidence of enhancement (Iqbal 
et al. 2008; Tsukada et al. 2010).

1.7  Angiosarcoma

Primary hepatic angiosarcoma is a rare and 
aggressive malignancy of mesenchymal origin 
and accounts for less than 2% of all primary 
liver neoplasms (Thapar et  al. 2014). 
Angiosarcoma most commonly affects men in 
the fifth–sixth decades and has been reported to 
be associated with exposure to several environ-
mental carcinogens including thorotrast, arse-
nic, and vinyl chloride (Thapar et  al. 2014; 
Koyama et al. 2002).

Angiosarcomas demonstrate heterogeneous 
variable but mostly moderate to markedly high 
T2 and variable but mostly prominently low T1 
signal (Thapar et al. 2014; Koyama et al. 2002). 
These lesions could demonstrate evidence of 

a b

c d

Fig. 5 Epithelioid hemangioendothelioma. Transverse 
T2-weighted fat-suppressed single-shot echo train spin 
echo (a), transverse T1-weighted two-dimensional gradi-
ent echo (b), transverse T1-weighted fat-suppressed post-
gadolinium late hepatic arterial phase (c), and transverse 
T1-weighted fat-suppressed postgadolinium interstitial 

phase (d) images demonstrate multiple scattered foci of 
epithelioid hemangioendothelioma. The lesions show 
mildly to moderately high T2 signal (a) and moderately 
low T1 signal (b). Thick peripheral rim enhancement on 
the late arterial phase (c) with later fading of the rim 
enhancement (d) is also noted in the lesions
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internal hemorrhage (Fig.  6), which has been 
reported in 50% of the patients according to some 
studies (Semelka et al. 2018). These tumors could 
show variable enhancement patterns; however, 
nodular enhancement on the late arterial phase 
with progressive enhancement (Fig. 6) to the cen-
ter has been reported in 50% of the patients 
according to some studies (Semelka et al. 2018).

One of the distinctive features of angiosar-
coma compared to hemangioma could be the 
presence of hemorrhage and heterogeneous 
appearance, which is extremely rare in hemangi-
omas (Semelka et al. 2018). Another distinctive 
feature of angiosarcoma could be the presence of 
oval or round contours compared to lobulated 
contours of hemangiomas, which is commonly 
seen in hemangiomas larger than 18  mm 
(Semelka et al. 2018). The other distinctive fea-
ture of angiosarcoma could also be early rela-
tively large peripheral nodular enhancement with 
progressive central filling, which is different 
from discontinuous nodular enhancement on the 

late arterial phase with coalescence of nodules on 
the later phases with central progressive filling 
(Semelka et al. 2018).

1.8  Other Sarcomas

Other types of sarcomas can also be seen in the 
liver including but not limited to leiomyosar-
coma or malignant fibrous histiocytoma (Yu 
et al. 2008). These tumors usually show mildly 
to moderately high T2 and moderately to marked 
low T1 signal and are usually associated with 
the presence of central necrosis (Fig.  7) 
(Semelka et  al. 2018; Yu et  al. 2008). 
Hemorrhagic changes may also be seen in sar-
comas (Semelka et al. 2018). Peripheral hetero-
geneous enhancement on the late arterial phase 
with progressive enhancement toward the center 
is the most common enhancement pattern seen 
on dynamic imaging (Fig.  7) (Semelka et  al. 
2018; Yu et al. 2008).

a b c

d e f

Fig. 6 Angiosarcoma. Transverse T2-weighted fat- 
suppressed single-shot echo train spin echo (a), transverse 
T1-weighted out-of-phase two-dimensional gradient echo 
(b), and transverse diffusion-weighted echo planar image 
(c) with associated apparent diffusion coefficient map (d) 
and transverse T1-weighted fat-suppressed postgadolin-
ium three-dimensional gradient echo late arterial phase (e) 
and hepatic venous phase (f) images show multiple foci of 
angiosarcoma in the liver. The lesions show heteroge-

neous high T2 signal and low T1 signal on precontrast 
images with associated high signal intensity rim on 
T1-weighted image and low signal rim on T2-weighted 
image, suggestive of blood products in the dominant 
mass. Areas of prominent diffusion restriction are noted in 
these lesions. Predominantly peripheral nodular enhance-
ment (arrows, e) with progressive central filling (arrows, 
f) is noted in multiple lesions
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1.9  Primary Hepatic Lymphoma

Primary hepatic lymphoma accounts for less 
than 1% of all non-Hodgkin’s lymphoma. 
Additionally, it is more common in patients with 
immunosuppression, human immunodeficiency 
virus (HIV), Epstein-Barr virus, and hepatitis B 
and C virus.

Primary hepatic lymphoma can present as 
mass-forming lesions or infiltrative lesions 
(Semelka et al. 2018; Steller et al. 2012; Maher 
et al. 2001). These lesions demonstrate variable 
precontrast T1 and T2 signal although most com-
monly these lesions demonstrate mildly to mod-
erately high T2 signal and mildly to moderately 

low T1 signal (Fig.  8) (Semelka et  al. 2018; 
Steller et  al. 2012; Maher et  al. 2001). These 
tumors show variable enhancement (Fig.  8) 
although minimal or mild to moderate progres-
sive enhancement on dynamic postgadolinium 
series is most commonly seen (Semelka et  al. 
2018; Steller et  al. 2012; Maher et  al. 2001). 
Necrosis is not commonly seen in these tumors 
(Semelka et  al. 2018). Although MR imaging 
findings of mass-forming primary lymphoma are 
not specific, infiltrative type primary lymphoma 
encases the vessels without significant compres-
sion or deviation, and this feature is a distinctive 
feature for the identification of primary 
lymphoma (Semelka et al. 2018).

a b

c d

Fig. 7 Sarcoma. Coronal T1-weighted two-dimensional 
gradient echo (a), transverse T2-weighted fat-suppressed 
single-shot echo train spin echo (b), and transverse 
T1-weighted fat-suppressed postgadolinium late arterial 
phase (c) and interstitial phase (d) three-dimensional gra-

dient echo images show a large leiomyosarcoma with very 
heterogeneous T1 and T2 signal. Small areas of central 
necrosis are seen in the large tumor showing heteroge-
neous progressive enhancement with peripheral dominant 
enhancement and central filling (c, d)
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washout on the interstitial phase
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Abstract
Intrahepatic cholangiocarcinoma (ICC) repre-
sents the second most common primary liver 
tumor after hepatocellular carcinoma. These 
tumors arise from the bile ducts epithelium, 
peripheral to the secondary bifurcation of the 
left or right hepatic duct. Although most chol-
angiocarcinomas occur sporadically, the dis-
ease incidence is higher, and it develops earlier 

in the patients with primary sclerosing cholan-
gitis (PSC), choledochal cyst, Caroli disease, 
clonorchiasis, and viral hepatitis (especially 
type C). According to their growth pattern, 
ICCs can be classified into three types: mass-
forming, periductal-infiltrating, or intraductal-
growing cholangiocarcinoma. Imaging plays 
the most important role in preoperative char-
acterization of ICC with mass-forming type 
presenting as lobulated hypovascular lesions 
causing retraction of liver capsule and periph-
eral bile duct dilatation. Periductal-infiltating 
type is very difficult for timely diagnosis and 
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is usually discovered in follow-up of PSC 
patients as worsening of dominant stricture. 
Intraductal-growing cholangiocarcinoma is 
the rarest type of ICC with much better out-
come than other ICC forms. It presents usu-
ally as polypoid lesion filling the bile ducts 
with proximal biliary dilatation.

1  Introduction

Intrahepatic cholangiocarcinoma (ICC) repre-
sents the second most common primary liver 
tumor after hepatocellular carcinoma (Choi et al. 
2004a). These tumors arise from the bile duct 
epithelium, peripheral to the secondary bifurca-
tion of the left or right hepatic duct (Lazaridis 
and Gores 2005). Similarly to the other types of 
cholangiocarcinomas, intrahepatic form usually 
occurs in elderly population with a slight male 
predilection (men to women ratio of approxi-
mately 1.2–1.5) (Shaib and El-Serag 2004). 
Although most cholangiocarcinomas occur spo-
radically, the disease incidence is higher, and it 
develops earlier in the patients with primary scle-
rosing cholangitis (PSC), choledochal cyst, 
Caroli disease, clonorchiasis, and viral hepatitis 
(especially type C) (Lazaridis and Gores 2005; 
Shaib and El-Serag 2004; Shaib et al. 2007; Kim 
et al. 2006; Choi et al. 2004b).

According to their growth pattern, ICCs can be 
classified into three types: mass-forming, 
periductal- infiltrating, or intraductal-growing 
cholangiocarcinoma (Lim 2003). Precise preoper-
ative characterization of the growth type is impor-
tant for optimal treatment planning and prognosis, 
as mass-forming and periductal- infiltrating types 
have generally unfavorable course, while intra-
ductal-growing tumors have much better outcome 
(Isaji et  al. 1999; Sasaki et  al. 1998; Yamamoto 
et al. 1998). Additionally, a combination of growth 
patterns can frequently occur. Thus, periductal-
infiltrating type is rarely seen as the only growth 
pattern and in most cases it is encountered together 
with mass-forming cholangiocarcinoma (Lazaridis 
and Gores 2005). On the other hand, association of 
intraductal- growing cholangiocarcinoma and 
periductal- infiltrating type is not frequently pres-
ent (Choi et al. 1995).

2  Mass-Forming Intrahepatic 
Cholangiocarcinoma

Mass forming type is the most common among 
ICCs, accounting for 80% of all cases (Lim 
2003). These tumors usually present as large, 
lobulated, irregular lesions with well-defined 
borders (Choi et al. 2004a). Since it arises from 
the epithelium of small bile ducts, symptoms are 
rare early in the course of the disease. Moreover, 
laboratory and clinical findings are quite unspe-
cific leading to delay in diagnosis (Isaji et  al. 
1999). Therefore, imaging procedures have 
important role in early detection, staging, and 
evaluation for surgical resectability (Lazaridis 
and Gores 2005).

2.1  Imaging Findings

Mass-forming ICCs are tumors characterized by 
rich fibrous stroma which determines their imag-
ing appearance (Jhaveri and Hosseini-Nik 2015). 
On ultrasound examination, these lesions usually 
present as heterogeneous lesions with intermedi-
ate to increased echogenicity, while smaller 
tumors appears as iso- to hypoechoic lesions 
(Fig. 1a) (Chung et al. 2009). A hypoechoic halo, 
seen in about 15% of tumors, represents a rim of 
proliferating viable tumor cells in combination 
with compressed adjacent liver parenchyma. In 
general, there are no specific features on US 
examination which allow differentiation from the 
other more common entities, such as liver metas-
tases, except the fact that cholangiocarcinoma is 
more likely associated with bile duct dilatation 
and capsular retraction (Wibulpolprasert and 
Dhiensiri 1992).

Further evaluation with CT typically demon-
strates large, irregular, hypoattenuating mass 
with incomplete peripheral enhancement on arte-
rial and progressive enhancement on delayed 
phases (Fig. 1b, c) (Han et al. 2002). In general, 
this vascular profile reflects pathohistological 
composition of the tumor, with the periphery 
composed of active tumor cells, and the center 
rich with desmoplastic stroma, necrotic tissue, or 
mucin (Fujita et al. 2017). Therefore, progressive 
enhancement could be explained by slow diffu-
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sion of contrast material into the interstitial 
spaces of tumor which contains abundant fibrotic 
tissue (Fujita et  al. 2017; Maetani et  al. 2001; 
Valls et al. 2000). In cases of necrotic or mucin- 
producing tumors, the center of the lesion does 
not enhance and remains hypodense even in 
delayed phase (Choi et  al. 1995; Sainani et  al. 
2008). Recent studies have shown that the degree 
of intralesional fibrosis may have prognostic 
implications. Thus, ICCs which are hypovascular 
in the hepatic arterial phase are more likely to 
demonstrate lymphatic, perineural, and biliary 
invasion (Valls et al. 2000; Sainani et al. 2008). 
On the other hand, hypervascularity may serve as 
an independent preoperative prognostic factor for 
better outcome (Fujita et  al. 2017). Additional 
CT findings of mass-forming ICCs include cap-

sular retraction, peripheral biliary dilatation, sat-
ellite nodules, intralesional calcifications, 
vascular encasement, lobar atrophy, and lymph-
adenopathy (Fig.  1) (Valls et  al. 2000). Since 
these tumors arise from bile duct epithelium, 
some degree of obstruction and peripheral bile 
duct dilatation is invariably seen, unless the 
tumor is subcapsullary located (Maetani et  al. 
2001; Manfredi et al. 2004). Capsular retraction 
is considered to be pathognomonic sign of mass- 
forming ICC.  Nevertheless, this finding could 
also be seen in other tumors, such as metastatic 
colon carcinoma, scirrhous hepatocellular carci-
noma (HCC), hemangioendothelioma, and other 
tumors with marked desmoplastic reaction (Soyer 
et al. 1994). However, in association with other 
MRI findings, and the absence of primary tumor 

a b

c d

Fig. 1 Mass-forming intrahepatic cholangiocarcinoma in 
67-year-old male patient. (a) Transverse sonogram shows 
a heterogeneous irregular hyperechoic mass in subcapsu-
lar location (solid arrow). (b) Arterial dominant phase CT 
image depicts a centrally hypoattenuated mass with only 
slight peripheral enhancement in liver segment IV (solid 
arrow). A dilated left intrahepatic bile ducts are seen (dot-

ted arrow). Pneumobilia due to previous ERCP procedure 
is also visible. (c) Portal phase CT image demonstrates 
slight progressive enhancement (solid arrow) with persis-
tent central hypodensity and dilatation of intrahepatic bile 
ducts in the left lateral segments of the liver. (d) Axial 
section at the level of liver hilum shows multiple centrally 
necrotic lymph nodes (asterisk)
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elsewhere, capsular retraction is highly sugges-
tive of mass-forming ICC (Kovač et  al. 2017). 
Vascular encasement leading to lobar or segmen-
tal parenchymal atrophy is also frequently 
observed in mass-forming ICC, but unlike HCC, 
ICCs rarely lead to tumor thrombus formation 
(Han et  al. 2002). In these cases, lobar or seg-
mental atrophy secondary to vascular involve-
ment must be distinguished from capsular 
retraction (Soyer et al. 1994). As a consequence 
of portal vein invasion, perfusion abnormalities 
in affected segments are seen in terms of arterial 
hypervascularity, together with persistent 
enhancement in portal venous phase. In addition, 
infiltration of peripheral portal vein branches, 
which occur in 10–20% of cases, leads to forma-
tion of satellite lesions around the main tumor 
(Manfredi et  al. 2004). Lymphadenopathy in 

porta hepatis and hepatoduodenal ligament are 
nonspecific findings, present in up to 73% of 
cases (Valls et al. 2000).

MRI characteristics of mass-forming ICCs 
vary depending on the proportion of fibrosis, 
mucin production, and necrosis (Jhaveri and 
Hosseini-Nik 2015). The tumors are typically 
nonencapsulated T1-weighted hypointense 
lesions, while appearance on T2-weighted 
images range from hypointensity in highly 
fibrotic lesions to hyperintensity in cases of 
necrotic or mucin-rich tumors (Fig. 2) (Maetani 
et al. 2001). Central T2-weighted hypointensity 
corresponding to fibrosis is considered character-
istic MRI feature of ICC (Valls et  al. 2000). 
Nevertheless, this sign can also be seen in some 
colorectal metastases, due to the presence of 
coagulative necrosis inside the lesion (Outwater 

a b
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Fig. 2 Varying appearance of mass-forming intrahepatic 
cholangiocarcinoma on MRI. (a) Coronal fat-saturated 
T2-weighted image shows moderately hyperintense mass 
in segment IV (solid arrow) causing capsular retraction 
and marked peripheral bile duct dilatation (dotted arrow). 
(b) Axial T2-weighted image in another patient reveals a 
large liver mass (solid arrow) predominantly located in 

liver segment IV (solid arrow) with capsular retraction 
and central hypointensity reflecting rich fibrous stroma 
within the lesion (asterisk). Slight biliary dilatation is also 
seen (dotted arrow). (c) Axial T2-weighted image in third 
patient shows high signal intensity of the lesion corre-
sponding to increased mucin content which is characteris-
tic for biliary adenocarcinomas (solid arrow)
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et al. 1991). Similarly to CT, the most common 
postcontrast behavior, using conventional gado-
linium-based extracellular contrast agents, is 
minimal to moderate peripheral rimlike enhance-
ment on hepatic arterial phases, followed by pro-
gressive centripetal enhancement in late phases 
(Fig. 3) (Manfredi et al. 2004). Both peripheral 
and centripetal enhancement are better depicted 
on MR imaging in comparison to CT. In highly 
fibrotic lesions, postcontrast enhancement could 
sometimes be seen only in the delayed phase 
(Kim et  al. 2011). In some cases, central parts 
may remain hypointense even on delayed images, 
due to internal necrosis (Fig. 4). However, opaci-
fication of the viable tumor on the periphery of 
the lesion is clue for differential diagnosis with 
hepatic abscess (Maetani et  al. 2001). A few 
recent studies have pointed out the usefulness of 

gadolinium ethoxybenzyl-diethylenetriamine 
pentaacetic acid (Gd-EOB-DTPA) in character-
ization of mass-forming ICC (Kim et  al. 2016; 
Jeong et al. 2013). Similarly to other focal liver 
lesions without functional hepatocytes, ICCs 
become increasingly conspicuous on delayed 
phase, appearing as hypointense lesions with a 
sharp contrast between the lesion and the back-
ground liver parenchyma (Jeong et  al. 2013). 
Therefore, tumor extension as well as the pres-
ence of associated satellite nodules could be 
more precisely assessed on hepatobiliary phase 
in comparison to the use of conventional extra-
cellular contrast (Kim et al. 2012a). In addition, 
mass-forming ICCs commonly show multilay-
ered enhancement on the hepatobiliary phase, 
seen as cloudlike high signal intensity in the cen-
tral part and a hypointense peripheral rim (Kim 

a b

c d

Fig. 3 Dynamic MRI findings of mass-forming intrahe-
patic cholangiocarcinoma in 73-year-old male. (a) 
Unenhanced T1-weighted image shows a hypointense 
mass with an irregular margin (solid arrow) in the left 
lobe of the liver. Note also capsular retraction (dotted 
arrow). (b) On the arterial phase image, the mass shows 

only slight enhancement along the periphery (solid 
arrow). (c) On the portal venous phase image, the tumor 
(solid arrow) shows progressive and concentric filling of 
contrast material with further enhancement on the delayed 
phase image (d)
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et al. 2016; Feng et al. 2015). This appearance is 
closely related with pathological features of these 
tumors, since central fibrosis and necrosis are 
surrounded by highly cellular and vascular tumor 
cells (Jeong et  al. 2013). As on CT, ancillary 
imaging features of mass-forming ICCs on MRI 
are vascular encasement, biliary obstruction, 
lobar atrophy, capsular retraction, and lymphade-
nopathy (Manfredi et al. 2004).

2.2  Differential Diagnosis

The differential diagnosis for mass-forming ICCs 
includes HCC, metastatic adenocarcinoma (espe-
cially from colorectal, breast, and pancreatic can-
cer), inflammatory pseudotumor, and 

angiosarcoma (Chung et  al. 2009). HCC is the 
most common primary hepatic tumor and should 
be differentiated from mass-forming cholangio-
carcinoma, because of different prognosis and 
treatment (Park et al. 2013). The typical vascular 
profile consisting of early arterial enhancement 
and washout in portal venous phase is the main 
feature of HCC, especially in the setting of cir-
rhotic liver (Lee et al. 2001). On the other hand, 
early peripheral enhancement which progresses 
centripetally on delayed phases, in association 
with capsular retraction and peripheral bile duct 
dilatation, favors the diagnosis of mass-forming 
ICC (Lee et al. 2001). Nevertheless, besides the 
typical enhancement pattern described for larger 
mass-forming ICCs, smaller lesions could dis-
play atypical vascular characteristics (Fig.  5) 

a b
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Fig. 4 Dynamic MR findings of mass-forming intrahe-
patic cholangiocarcinoma in 63-year-old male. (a) 
Unenhanced T1-weighted image shows a large hypoin-
tense mass occupying segment IV with slight central 
hyperintensity corresponding to necrotic and/or mucinous 
content (solid arrow). (b) On the arterial phase image no 

enhancement is seen inside the lesion (solid arrow). Portal 
venous phase (c) and delayed phase image (d) shows 
slight progressive opacification of the peripheral part of 
the lesion while central portion remains hypointense due 
to internal necrosis. Note also capsular retraction and 
peripheral biliary dilatation (dotted arrow)
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(Kim et  al. 2012a; Vilana et  al. 2010). 
Homogeneous hypervascular enhancement on 
arterial phase has been demonstrated in 12.5–
47% of ICCs in previous studies (Kim et al. 2011, 
2012a). This behavior is mainly seen in smaller 
lesions and could be explained by abundant 
tumor vasculature in fibrotic stroma, less intratu-
moral fibrosis, and higher cellularity (Outwater 
et al. 1991; Lee et al. 2001). These tumors usu-
ally appear in the setting of cirrhotic liver and are 
discovered early due to surveillance protocol, 
which makes differential diagnosis with hepato-
cellular carcinoma very difficult (Rimola et  al. 
2009). In such cases, the absence of washout and 
the presence of progressive enhancement instead 
is suggestive of cholangiocellular carcinoma, 
rather than HCC (Vilana et al. 2010). Conversely, 

in the study by Kim et al. all hypervascular ICC 
showed washout in portal phase (Kim et  al. 
2011). In this regard, additional findings such as 
EOB-cloud appearance in the hepatobiliary 
phase, and capsular retraction, could be helpful 
in differentiation from HCC (Manfredi et  al. 
2004; Kim et  al. 2012a). However, scirrhous 
HCC may strongly mimic mass-forming ICC on 
imaging, and their differentiation may only be 
possible histopathologically (Park et al. 2013).

Solitary hypovascular metastases may closely 
resemble mass-forming ICC (Al Ansari et  al. 
2014). Besides enhancement pattern, these lesions 
can display some of the typical ICC features such 
as central T2-weighted hypointensity or peripheral 
intrahepatic bile duct dilatation (Al Ansari et  al. 
2014). Several other imaging features could be 

a b
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Fig. 5 Mass-forming intrahepatic cholangiocarcinoma in 
69-year-old female patient with cirrhosis. (a) Contrast- 
enhanced CT in arterial phase shows heterogeneous 
hypervascular lesion in liver segment II (solid arrow). (b) 
Portal venous phase reveals slight “washout“ with persis-
tent peripheral enhancement (solid arrow). (c) On 

T2-weighted MR image the lesion (solid arrow) has mod-
erate hyperintensity and irregular margins with high sig-
nal intensity on diffusion-weighted image (d). Note also 
small area of T2-weighted hypointensity within the lesion 
corresponding to rich fibrous stroma (dotted arrow) on c
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useful for distinction among mass- forming ICCs 
and solitary hypovascular metastases, such as 
shape of the lesion, capsular retraction, segmental 
bile duct dilatation, and portal lymphadenopathy 
(Kovač et al. 2017). Recently, target sign defined as 
a central hypointensity with a peripheral hyperin-
tense rim on diffusion-weighted images (DWI) 
was proposed as a characteristic finding of mass-
forming ICC (Fig. 6) (Park et al. 2013). In this con-
text Park et al. found target sign to be significant 
predictor of IMC, as it was present in 75% of mass- 
forming ICC patients (Park et al. 2013). Similarly, 
in another study target sign was found in 93.5% of 
ICCs, while only 4.5% of solitary hypovascular 
liver metastases showed this feature (Kovač et al. 
2017). Nevertheless, the differential diagnosis 
between these two entities can be difficult even at 
histopathology and requires special immunohisto-
chemistry studies. In conclusion, since both imag-
ing and pathohistological features of mass- forming 
ICC and liver metastases significantly overlap, the 
first step in diagnosis of mass- forming ICC should 
be exclusion of extrahepatic primary malignancies, 
especially colorectal carcinoma.

3  Periductal-Infiltrating Type

Periductal-infiltrating type is the most com-
mon type of hilar cholangiocarcinoma, but is a 
rare manifestation of intrahepatic cholangio-

carcinoma (Lee et  al. 2001). This tumor is 
characterized by longitudinal growth along the 
bile duct wall, resulting in concentric thicken-
ing and irregular narrowing of the lumen with 
subsequent peripheral biliary dilatation (Lim 
2003). In the later stage, the tumor may trans-
form into exophytic cholangiocarcinoma and 
invade the hepatic parenchyma (Lee et  al. 
2001).

3.1  Imaging Findings

On US, segmental bile duct wall thickening with 
or without obliteration of the bile duct lumen can 
be found (Mittelstaedt 1997). However, lobar or 
segmental intrahepatic bile duct dilatation could 
be the only finding without obvious cause of 
obstruction. Further CT and MR examination 
may show mural thickening with increased 
enhancement of the bile duct wall at the level of 
irregularly narrowed duct, associated with 
upstream biliary dilatation (Lee et  al. 2001). 
Prominent delayed phase enhancement is seen in 
up to 80% of periductal ICC, due to their scleros-
ing histology, and is considered to be pathogno-
monic finding for these tumors. Similarly to CT, 
periductal-infiltrating ICC manifests as periduc-
tal thickening at the level of biliary obstruction 
on MRI (Fig. 7). Lesions are mostly T1-weighted 
hypointense, whereas T2-weighted signal inten-

a b

Fig. 6 Diffusion-weighted characteristics of mass- 
forming ICC. (a) Axial DWI image shows target appear-
ance of the lesion (solid arrow) with central hypointense 
area surrounded by high signal intensity rim, correspond-

ing to viable cells on the periphery and central fibrous 
stroma, respectively. (b) Target sign is also depicted on 
ADC map, as peripheral ringlike hypointensity and cen-
tral hyperintensity (solid arrow)
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sity varies from hypo- to hyperintense, depend-
ing on the amount of associated sclerosis or 
fibrosis. Prominent enhancement of the lesion is 
seen in the delayed phase, with variable degrees 
of arterial and venous phase enhancement 
(Maetani et  al. 2001). It has been previously 
shown that the degree of enhancement strongly 
correlates with periductal and perineural spread 
(Ayuso et al. 2013). Additional MRCP examina-
tion allows accurate assessment of the longitudi-
nal extent of lesion, thus providing useful 
information regarding resectability of the tumor 
(Kim et al. 2007).

3.2  Differential Diagnosis

The early diagnosis of periductal-infiltrating 
cholangiocarcinoma is very challenging, since 
this tumor may resemble to benign strictures 
(Kim et al. 2007). Findings of a long-segmental 
stricture with an irregular margin, asymmetric 
luminal narrowing, increased bile duct wall 
enhancement, hilar lymphadenopathy, and a peri-
ductal soft tissue lesion favor the diagnosis of 
malignant stricture (Katabathina et  al. 2014). 
Rigorous follow-up must be performed in all 
cases where correct diagnosis cannot be made. If 

a b
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Fig. 7 Periductal-infiltrating ICC in 36-year-old women 
with long-standing PSC. (a) Irregular T2-weighted 
hypointense lesion is seen surrounding bile ducts in right 
posterior liver segments with subsequent peripheral bili-
ary dilatation (solid arrow). In addition, bile duct dilata-
tion is also observed in left liver lobe due to tumor 
propagation on primary biliary confluence. (b) Coronal 
T2-weighted image shows branching pattern of hypoin-

tense lesion growing along bile duct wall (solid arrow). 
(c) Axial T1-weighted image in portal venous phase 
shows hypovascularity of the lesion, representing scle-
rotic nature of the lesion (solid arrow). (d) MRCP shows 
loss of visualization of bile ducts in right posterior liver 
segments due to tumor infiltration (asterisk) with periph-
eral bile duct dilatation. Note also marked biliary dilata-
tion in left liver lobe
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there is a progression of bile duct dilatation due 
to advanced stricture, diagnosis of periductal- 
infiltrating ICC is highly suspected.

4  Intraductal-Growing Type

Intraductal cholangiocarcinoma is a rare type, 
representing 8–18% of all ICCs, with a variety of 
imaging features and a better prognosis than 
other types of cholangiocarcinoma (Han et  al. 
2002; Lim et al. 2002). Most of these tumors are 
small, sessile, polypoid, or papillary lesions 
which grow slowly toward the lumen with intact 
bile duct wall. Occasionally, this type of 
 cholangiocarcinoma spread superficially along 
the mucosa, resulting in multiple tumors (papil-
lomatosis) along different segments of bile ducts 
(Han et al. 2002; Lim et al. 2002). However, if 
left untreated, tumor may infiltrate the surround-
ing liver parenchyma. In such cases, it might be 
difficult to differentiate the mass-forming type 
from the advanced intraductal-growing type of 
ICC with stromal invasion (Lim et al. 2002).

4.1  Imaging Findings

Currently, five distinct imaging patterns have 
been described: (1) diffuse and marked bile duct 
dilatation with a grossly visible intraductal mass 
(45.4%), (2) diffuse and marked biliary dilatation 
without a visible mass (23.7%), (3) an intraductal 
papillary mass with localized duct dilation 
(19.6%), (4) intraductal cast-like lesions within a 
moderately dilated duct (4.1%), and (5) focal 
stricture-like lesion with mild proximal duct dila-
tion (7.2%) (Chung et al. 2009; Lim et al. 2002; 
Kim et al. 2012b). First type is the most common 
type and is characterized by diffuse biliary dilata-
tion with multifocal superficial papillary or 
plaquelike lesions within the bile ducts (Fig. 8) 
(Kawakatsu et al. 1997). In contrast to other types 
of cholangiocarcinoma, where only upstream 
biliary dilatation is present, in this type of intra-
ductal cholangiocellular carcinoma dilatation of 
the downstream bile ducts is also seen. This find-

ing is considered to be highly specific for 
intraductal- growing ICC.  In addition, bile ducts 
are usually disproportionately dilated, being 
most prominent in branches containing tumors 
(Kim et  al. 2012b; Kawakatsu et  al. 1997; Lim 
et al. 2008). US can show biliary dilatation, but it 
can detect a low-echoic mass in less than 50% of 
patients (Lee et  al. 2004). Endoscopic ultraso-
nography (EUS) and intraductal ultrasonography 
(IDUS) are useful imaging modalities for evalua-
tion of the depth of invasion and involvement of 
the lymph nodes, even in the presence of thick 
mucin (Tsuyuguchi et al. 2010). CT examination 
demonstrates diffuse biliary dilatation and intra-
ductal papillary lesions if larger than 1 cm (Yoon 
et al. 2000). Since these tumors are usually sus-
pended on small fibrovascular stalks, washout is 
frequently seen, rather than progressive enhance-
ment observed in conventional cholangiocarci-
noma (Lee et al. 2000). MR with MRCP provides 
even better visualization of the tumor with mul-
tiple polypoid or papillary moderately 
T2-weighted hyperintense lesions within the 
lumen of bile ducts (Kim et al. 1998, 2010).

The second pattern of intraductal cholangio-
carcinoma is characterized by diffuse and marked 
duct ectasia, but without a visible mass on CT, 
MRI, or even gross examination (Jhaveri and 
Hosseini-Nik 2015). These findings could be 
explained with micropapillary nature of the 
tumor and a high mucin production which leads 
to bile duct dilatation without visible tumor mass 
(Lim et al. 2004). Mucin is usually not visible on 
CT and MRI, because it shows attenuation and 
signal intensity same as the surrounding bile. 
Recently, a thread sign, described as linear or 
curvilinear hypointense striations within dilated 
bile ducts, was described as novel and character-
istic MRCP finding of intraductal mucin- 
producing tumor (Hong et al. 2016). If MR with 
MRCP is not sufficient for definitive diagnosis, 
further work-up with endoscopic retrograde 
cholangioscopy (ERCP) should be performed. 
On ERCP mucin can be seen as amorphous, 
elongated cordlike filling defect in a bile duct 
filled with contrast medium (Tsuyuguchi et  al. 
2010). This mismatch between ERCP and MRCP 
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findings indicates the presence of mucin. 
Moreover, ERCP can show hypersecretion of 
mucin draining through the ampulla (Tsuyuguchi 
et  al. 2010). However, ERCP has a few draw-
backs. An excessive amount of mucin within bile 
ducts and obstruction by the tumor may prevent 
opacification of the entire biliary system. 
Furthermore, cholangiography cannot detect 
multiple small tumors or lesions confined to 
mucosa, and it can be hard to distinguish tumors 
from stones or benign strictures. In certain diffi-
cult cases, cholangioscopy with direct visualiza-
tion of bile ducts is suggested.

Third type of intraductal-growing ICCs, with 
localized ductal dilatation and intraductal polyp-
oid mass, is usually not difficult to diagnose (Lim 

et al. 2008). In this type mucin secretion is not 
remarkable; thus only bile ducts proximal to the 
tumor are dilated (Lim et  al. 2008; Kim et  al. 
1998). Intraductal papillary mass is nicely 
depicted on T2-weighted images owing to the 
high contrast between the background bile and 
the tumor. This subtype usually shows enhance-
ment equivalent to that of the hepatic parenchyma 
in the arterial phase of contrast enhanced CT or 
MRI. Persistent, intense enhancement on delayed 
phase is rarely seen, since fibrous stroma is scarce 
in these lesion, in contrast to other types of chol-
angiocarcinoma (Chung et al. 2009).

Intraductal cast-like lesion is the rarest type of 
intraductal-growing ICC.  It presents as dilated 
lobar or segmental bile ducts filled with soft tis-

a b
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Fig. 8 Intraductal-growing intrahepatic cholangiocarci-
noma in 73-year-old man. Axial T2-weighted (a) and 
T2-weighted fat-saturated (b) images show multiple pol-
ypoid soft tissue lesions along diffusely dilated intrahe-
patic bile ducts (solid arrows). (c) Axial T1-weighted 

image in portal venous phase demonstrates only slight 
enhancement of intraductal lesions. (d) Coronal MRCP 
image clearly depicts papillary feature of intraductal 
lesions (solid arrows) which are present in whole intrahe-
patic biliary tree
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sue material, seen as heteroechogenic content 
within ducts on US examination (Chung et  al. 
2009). The characteristic CT finding is increased 
attenuation of the dilated ducts caused by diffuse 
superficial spread of the papillary tumor. On 
MRI, these tumors are seen as moderately hyper-
intense lesions with branching pattern, filling 
lobar or segmental bile ducts. Parenchymal atro-
phy of affected segments is almost always pres-
ent. The enhancement pattern of a tumor is 
related to its pathohistological composition. 
Since these lesions are usually confined to the 
mucosa of the bile duct with a high blood flow 
and small amount stromal space, washout in por-
tal venous phase is almost always observed 
(Fig. 9) (Lim et al. 2003). Loss of visualization of 
bile ducts filled with tumor, together with periph-
eral bile duct dilatation, is seen on MRCP 
(Fig. 10).

a

d e f
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Fig. 9 Intraductal-growing intrahepatic cholangiocarci-
noma in 65-year-old women. Axial T2-weighted (a) and 
T2-weighted fat-saturated (b) images show a cast-like 
tumor (solid arrow) filling bile ducts in left lateral seg-
ments associated with parenchymal atrophy. (c) On DWI 
tumor presents as hyperintense lesion in left lateral seg-

ments (solid arrow). (d) Unenhanced transverse fat- 
saturated T1-weighted shows a hypointense mass (solid 
arrow) in the lumen of affected bile ducts. (e) Arterial 
phase T1-weighted image shows hypervascularity of the 
lesion with washout on portal venous phase (f)

Fig. 10 Intraductal-growing intrahepatic cholangiocarci-
noma in 65-year-old women. MRCP shows a central 
defect in the left lateral lobe corresponding to cast-like 
tumor with proximal biliary dilatation
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4.2  Differential Diagnosis

The differential diagnosis of intraductal-growing 
ICC includes intrahepatic lithiasis, biliary cystade-
noma/cystadenocarcinoma, HCC with intra- bile 
duct growth, and intraductal metastases (Lim et al. 
2003; Rocha et al. 2012; Kojiro et al. 1982; Kim 
and Jeong 2016). The absence of calcifications and 
postcontrast enhancement within intraductal mass 
favors the diagnosis of intraductal cholangiocarci-
noma (Lim et al. 2003). However, the presence of 
stones does not exclude the diagnosis of tumor. It is 
well known that long- standing intrahepatic lithiasis 
is predisposing factor to carcinogenesis (Rocha 
et al. 2012). Thus, all patients with this condition 
should be thoroughly examined on regular follow-
up. Rarely, HCC can invade bile ducts leading to 
CT and/or MRI detection of soft tissue mass within 
the lumen of the duct (Kojiro et al. 1982). However, 
differential diagnosis is not difficult since intra-
ductal part of the tumor shows typical enhance-
ment pattern and is frequently accompanied by a 
parenchymal mass. Biliary cystadenoma and cyst-
adenocarcinoma are cystic lesion with papillary 
soft tissue mass inside the cyst, mimicking intra-
ductal cholangiocarcinoma (Arnaoutakis et  al. 
2014). These tumors occur mainly in females, and 
ovarian-like stroma is the pathognomonic micro-
scopic finding (Arnaoutakis et  al. 2014). The 
absence of communication with bile ducts is a clue 
for diagnosis, as it is always present in cystic forms 
of intraductal- growing ICC.  Moreover, bile duct 
dilatation in intraductal cholangiocarcinoma is 
rarely such prominent to resemble cystic lesions, 
like biliary cystadenocarcinoma (Arnaoutakis et al. 
2014). Intraductal metastasis from other primary 
malignancies could also mimic intraductal cholan-
giocarcinoma (Kim and Jeong 2016). However, 
these lesions are usually associated with a contigu-
ous parenchymal mass in patients with a history of 
primary malignancy, particularly colorectal cancer 
(Kim and Jeong 2016).

5  Intraductal Papillary 
Neoplasm of Bile Ducts

Recently, the new clinical entity called intra-
ductal papillary neoplasm of the bile duct (IPNB), 
including majority of intraductal papillary 

cholangiocarcinoma, and its precursor lesions, 
was added to the 2010 World Health Organization 
(WHO) classification (Bosman et  al. 2010). 
These lesions are characterized predominantly by 
intraductal papillary growth, occasionally multi-
focal, with macroscopically visible mucin secre-
tion present in one-third of cases (Wan et  al. 
2013). This entity includes lesions of any type of 
pathological transformation, from low-grade 
dysplasia to invasive carcinoma (Nakanuma et al. 
2017). Many terms have previously been used to 
describe this condition, such as biliary papillo-
matosis, mucin-producing cholangiocarcinoma, 
mucin-hypersecreting bile duct tumor, and bili-
ary intraductal papillary mucinous neoplasm 
(Wan et al. 2013). Histologically, IPNB is defined 
as tumor which shows papillary proliferation of 
neoplastic biliary epithelial cells with fibrovascu-
lar stalks within the bile duct, macroscopic or 
microscopic existence of mucin, and dilatation of 
the proximal or remote bile duct (Kim et  al. 
2012b; Nakanuma et al. 2017). Currently, IPNB 
is considered to be counterpart of more common 
similar lesion in pancreas, intraductal papillary 
mucinous neoplasm of the pancreas (IPMN) 
(Rocha et al. 2012; Kloppel and Kosmahl 2006). 
In contrast to IPMN, the most cases of IPNB are 
high-grade dysplastic and invasive neoplasms, 
while low-grade IPNB is rare (Nakanuma et al. 
2014). Additionally, mucin secretion is present in 
one-third of patients while it is invariably seen in 
IPMN lesions (Kloppel and Kosmahl 2006). In 
recent literature, there has been some confusion 
regarding the relation between intraductal- 
growing ICC and IPNB, since both entities share 
many common features. In this regard, study by 
Nakanuma et  al. has shown that a majority of 
intraductal-growing ICCs were found to belong 
to an IPNB spectrum of disease, while a minority 
of them showed other types of malignant lesions, 
such as poorly differentiated adenocarcinoma, 
tubular adenocarcinoma, carcinosarcoma, chol-
angiocarcinoma component of combined HCC- 
CCC, and other malignant neoplasms (Nakanuma 
et al. 2014).

The most common clinical manifestations of 
patients with IPNB are recurrent episodes of 
acute cholangitis and obstructive jaundice (Kim 
et al. 2012b; Lee et al. 2004). Intermittent bili-
ary obstruction can be the consequence of 
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detached tumor emboli, abundant mucin dis-
charge into the bile ducts, or, rarely, concomi-
tant biliary stones (Hayashi et al. 1996; Bennett 
et al. 2015). These intermittent nature of symp-
toms is pathognomonic for IPNB lesions (Lee 
et al. 2004). Almost all patients have an elevated 
level of alkaline phosphatase. Nevertheless, 
despite massive ductal dilatation, clinical jaun-
dice is relatively rare (Kubota et al. 2014). This 
discrepancy between a marked dilatation and a 
normal to slightly elevated level of serum biliru-
bin, especially with an elevated carcinoembry-
onic antigen level, may suggest the diagnosis of 
this rare entity (Choi et al. 1995; Han et al. 2002; 
Kim and Jeong 2016).

6  Preoperative Staging 
and Management

Cholangiocarcinomas have overall a poor prog-
nosis with 5-year survival rate of approximately 
1% (Lazaridis and Gores 2005; Isaji et  al. 
1999). The only curative treatment is surgical 
resection which can prolong survival (5-year 
survival rate of approximately 10–30%) (Isaji 
et  al. 1999). Hepatic resection is contraindi-
cated in the presence of severe comorbidities, 
metastases, distant lymph node involvement, 
and/or advanced underlying liver disease 
(Doherty et  al. 2017). Moreover, specific con-
traindications include diffuse bilobar involve-
ment and/or future liver remnant less than 25% 
in the otherwise healthy liver (Doherty et  al. 
2017). Besides tumor characterization, in 
patients with ICC, CT or MRI report must 
include preoperative assessment of tumor rela-
tionship with major blood vessels (Choi et  al. 
2004a). Vascular involvement should be sus-
pected when nonenhancing or stenotic vessel is 
seen, ipsilateral hepatic atrophy, contour defor-
mity of vessel, or tumor-vessel contact more 
than half of the circumference (Han et al. 2002; 
Fujita et  al. 2017; Maetani et  al. 2001; 
Hennedige et al. 2014). Liver transplantation is 
not recommended in patients with unresectable 
ICC due to high risk of recurrence.

7  Combined Hepatocellular 
Carcinoma 
and Cholangiocarcinoma

Combined or biphenotypic HCC-CCC (cHC) are 
rare tumors and represent less than 1% of all 
liver carcinomas, with worse prognosis in com-
parison to pure HCC (Taguchi et al. 1996). The 
pathogenesis of cHC is still unclear, although 
recent studies have proposed the concept that 
cHC originates from hepatic progenitor stem 
cells. cHC has been classified into three catego-
ries: (1) double cancer representing tumors in 
which areas of HCC and CCC coexist separately, 
(2) combined type where both components are 
present adjacent each other and mixed together, 
and (3) mixed type in which both components 
are intimately mixed (Allen and Lisa 1949; Yeh 
2010). However, this classification has its draw-
backs as it is often very difficult to distinguish 
mixed and combined types. To date, there are 
only a few studies describing the radiological 
characteristics of cHC, which depend on the pro-
portion of each tumor within the lesion (Sasaki 
et  al. 2015; Lee et  al. 2006; De Campos et  al. 
2012; Nishie et al. 2005; Aoki et al. 1993). The 
combined cHC usually presents as solitary het-
erogeneous mass, with variable hyperintensity 
on T2-weighted image (Fig.  11) (Hashimoto 
et al. 1994; Schiettecatte et al. 2008). De Campos 
et  al. have shown that early ring enhancement 
with progressive enhancement in later phases is 
the most common vascular pattern (De Campos 
et al. 2012). The presence of washout in part of 
the lesion may favor the diagnosis of cHC, but is 
rarely seen. Enhancement pattern may also be 
geographic with parts of the lesion exhibiting 
typical vascular profile of HCC and other parts 
showing progressive enhancement (Fowler et al. 
2013). Moreover, lesions may show arterial 
hypervascularity characteristic for HCC without 
subsequent washout (Fig.  11) (Willekens et  al. 
2009). In those cases the use of hepatospecific 
contrast agents together with tumor characteris-
tics on T1- and T2-weighted images and epide-
miological data allows differentiation from 
FNH.  However, the preoperative diagnosis of 
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cHC is very difficult, since the imaging features 
overlap with both HCC and CCC, and in major-
ity of cases it is established on histopathology 
(Lee et al. 2006).
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Abstract
Liver metastases are the most common malig-
nant hepatic lesions. Their accurate and early 
detection is crucial to select the most appro-
priate therapeutic strategy. Advances in the 
treatment of metastatic liver disease have been 
shown to improve significantly the survival of 
affected patients. Radiological diagnostic 
modalities play a major role in the workup and 
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selection of appropriate treatment planning. 
An exact knowledge of lesion number, size, 
and distribution within the liver parenchyma, 
as well as volumetric and functional informa-
tion about residual liver parenchyma, are 
essential for the optimal selection of patients 
who will benefit from individually planned 
resection. The detection of small focal liver 
lesions, in particular, remains a diagnostic 
challenge. The development of new imaging 
modalities, functional imaging, the availabil-
ity of novel contrast agents, and the discussion 
about alternative tumor response criteria have 
further improved the radiological role in lesion 
detection, characterization, and assessment of 
treatment response. In addition to the typical 
imaging pattern of hepatic metastases, unusual 
radiological findings, uncommon response 
patterns, complications, and therapeutic tox-
icities should be known by radiologists to 
guide proper patient management.

1  Introduction, Epidemiology, 
Pathophysiology

The liver parenchyma is a common site for meta-
static disease from a large variety of primary 
tumors, partly due to the double blood supply by 
the portal vein and the hepatic artery and partly 
due to the specific hepatic microenvironment, 
also called the “seed-and-soil” hypothesis (Paget 
1989). Metastases do not contain functioning 
hepatocytes and biliary ducts and show variable 
vascularity and tissue composition, depending on 
the primary tumor. A nationwide analysis of 
pathology reports of liver biopsies revealed carci-
nomas as the most frequent tumor type at 92% 
(with the following primary origin in decreasing 
order: adenocarcinoma (75%) of colorectal, pan-
creatic, or breast origin, small cell carcinoma, 
neuroendocrine carcinoma, large cell carcinoma, 
and squamous cell carcinoma, followed by mela-
noma in 2.4% and sarcoma in 1% (de Ridder 
et al. 2016)). The last several years have seen a 
paradigm shift in the management of hepatic 
metastases, leading to a significant increase in 

patients’ survival. This is the result of the devel-
opment of new chemotherapeutic regimens that 
include the use of new molecular target agents 
(antiangiogenesis drugs and immunomodula-
tors). In addition, in several types of cancer, the 
presence of hepatic metastases does not preclude 
a curative approach, and a wider access to indi-
vidually planned resection in patients with oligo-
metastatic liver disease has demonstrated 
improved long-term survival, reaching 5-year 
survival rates of up to 50–60% (Kopetz and 
Vauthey 2008) after potentially curative resection 
of colorectal liver metastases.

2  Indications for Imaging

Diagnostic imaging plays a crucial role in select-
ing the most appropriate therapy for patients with 
hepatic metastases. Radiologists are integrated in 
the decisions on treatment, beginning after detec-
tion of the primary malignancy as part of the 
global staging, the more detailed assessment for 
the evaluation of suspected liver metastases, and 
presurgical planning before resection, as well as 
post-therapeutic follow-up, in particular cases 
over years. This includes accurate lesion detec-
tion, characterization, determination of resect-
ability, and assessment of treatment response. 
Although radiologists are also an integral part of 
local specific interventional therapy to increase 
the number of surgical candidates, provide cura-
tive treatment options for nonsurgical patients, or 
improve survival in a palliative setting, the inter-
ventional radiological approaches will not be part 
of this chapter. The incidence of liver metastases 
at time of the initial presentation of the primary 
malignancy has been correlated with tumor type, 
location of the primary tumor, degree of differen-
tiation, T and N staging, and other factors. Studies 
have shown that, even in patients with an under-
lying malignancy, small liver lesions (≤ 1 cm) are 
much more often found to be benign: only 11.6% 
of lesions too-small-to-characterize at CT were 
found to be malignant at follow-up (Schwartz 
et al. 1999). Therefore, accurate characterization 
of focal hepatic abnormalities is an important 
radiological task.
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3  Imaging Modalities

Various imaging modalities are available for the 
detection of hepatic metastases. MRI and multi-
phasic CT are the primary imaging modalities for 
the assessment of liver metastases, with PET/CT 
and ultrasound as complementary methods. 
Many noninvasive diagnostic methods exist com-
prising certain advantages and disadvantages 
over others. Nevertheless, despite the high accu-
racy for the detection and follow-up of liver 
metastases, optimal, generally valid imaging 
strategies for patients with liver metastases are 
still lacking.

3.1  Transabdominal Sonography

Transabdominal sonography (US), an inexpen-
sive and readily available method, is widely used 
as a primary imaging modality with which to 
assess the liver parenchyma, but has several limi-
tations: variability in operator expertise and 
patient’s habitus; less than ideal patients’ coop-
eration; the presence of interfering bowel gas, or 
moderate results in patients with chemotherapy, 
such as induced fatty infiltration of the liver. 

Ambiguity in segmental localization may be 
another drawback for surgical planning. Isoechoic 
lesions with an acoustic impedance similar to 
that of the liver parenchyma and hyperechoic 
lesions that resemble hemangiomas are difficult 
to detect and differentiate. Sonography is also a 
helpful guide for percutaneous biopsy of suspi-
cious liver lesions if the lesion is easily visible 
and accessible by ultrasound.

Use of contrast-enhanced sonography (CE- 
US) is a safe, relatively inexpensive, and widely 
available possibility with which to increase the 
diagnostic capability for detection and character-
ization of focal liver lesions. Metastases may 
show a wide range of imaging appearances at 
gray-scale US.  By intravenous application of 
contrast medium-containing microbubbles and 
the use of dedicated ultrasound sequences, 
dynamic real-time imaging with high temporal 
and spatial resolution is possible. In a large mul-
ticenter study, the addition of contrast-enhanced 
ultrasound increased the sensitivity for the detec-
tion of metastases on a per-lesion basis from 71% 
with standard US to 87% with CEUS (Albrecht 
et al. 2003). Lesions that are not or barely detect-
able on gray-scale ultrasound are distinctly visi-
ble with CEUS (Fig.  1). Due to the lack of 

Fig. 1 CEUS of a small, singular colorectal liver metastasis. In gray-scale ultrasound (left), the lesion is not visible, but 
in the portal venous phase of CEUS (right), the metastasis in segment 4A is clearly detectable as a hypoenhancing focus
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possible nephrotoxic complications, CEUS rep-
resents a valuable alternative to CECT and 
CEMRI in patients with renal insufficiency or 
with a known allergy to CT or MR contrast 
agents. In addition, in inconclusive lesions on 
CECT or CEMRI, CEUS can be used as a 
problem- solving tool. The efficacy of CEUS for 
the detection of liver metastases has been 
included in recent international guidelines 
(Claudon et al. 2013). CEUS has shown variable 
reports in the literature, ranging from 64.5% 
(Vialle et al. 2016) to a high diagnostic accuracy 
of up to 93% when assessing all vascular phases 
for the differentiation of benign from malignant 
liver lesions (Nicolau et al. 2006). Similar results 
have been found when comparing CEUS to 
CEMRI with gadoxetic acid (Shiozawa et  al. 
2017). Fusion imaging of CEUS with CECT or 
CEMRI (Bo et al. 2017), as well as quantitative 
dynamic CEUS (Krix 2005) and three- 
dimensional imaging (El Kaffas et al. 2017), are 
promising future tools for the detection of 
changes in tumor perfusion after stereotactic 
radiotherapy or chemotherapy and prediction of 
treatment response.

Intraoperative sonography has emerged as a 
valuable tool, showing higher sensitivities and 
specificities than conventional transabdominal 
ultrasound, especially if used with contrast- 
enhanced intraoperative ultrasound. Studies sug-
gest that up to 32–57% of patients who are 
undergoing surgery have non-recognized hepatic 
metastases. IOUS may show liver metastases not 
detected by prior contrast-enhanced CT in up to 
14% (Ellebæk et al. 2017). However, in this sys-
tematic review, no comparison between CE-MRI 
and IOUS could be performed. Since laparo-
scopic surgery of liver metastases is becoming 
increasingly important, laparoscopic ultrasound, 
although not routinely performed, may represent 
a helpful alternative imaging modality in the 
operating theater.

3.2  Computed Tomography

Computed tomography has been the most widely 
used imaging modality for the assessment of 
hepatic metastases due to the high speed of image 

acquisition, relatively inexpensive cost, and its 
ability to assess extrahepatic sites of metastatic 
disease as well. Volumetric acquisitions with iso-
tropic voxels allow the reconstruction of high- 
quality reformatted images in various planes for 
the assessment of small lesions and exact seg-
mental localization. Depending on various 
enhancement patterns, the portal venous phase or 
recently called “hepatic venous phase” (60–70 s 
after intravenous contrast medium administra-
tion) is the most reliable phase, with a detection 
rate of 85% and a positive predictive value of 
96% (Soyer et al. 2004). The benefit of adding an 
arterial phase 15–18  s after the intravenous 
administration of contrast medium has been 
shown, with increasing detection rates of up to 
8–13% (Silverman 2006). This is especially 
important for hypervascular tumors, including 
neuroendocrine tumors, melanoma, sarcoma, 
carcinoid, renal cell, thyroid, and choriocarci-
noma. An equilibrium phase (>100  s after i.v. 
contrast injection) adds no significant value and 
is not routinely recommended. The use of non- 
contrast- enhanced CT is still under debate, but 
studies have shown only a small value to CECT 
(Sadigh et al. 2014). When using dual-energy CT, 
virtual non-contrast images may be occasionally 
helpful for the detection of calcified or hemor-
rhagic metastases. In addition, after liver-directed 
therapy, such as chemoembolization or radioem-
bolization, differentiation from injected high- 
attenuation lipiodol and viable tumor can be 
facilitated. Nevertheless, in patients of younger 
age and potentially curative disease, radiation 
exposure should be kept in mind. The diagnostic 
accuracy of CT can be reduced by chemotherapy, 
which induces steatohepatitis or sinusoidal 
injury, resulting in decreased attenuation values 
of the liver parenchyma.

With regard to the amount of intravenous con-
trast medium for standard 64-slice CT, an iodine 
dose of 0.6 g/kg body weight is recommended, 
with a high flow rate ranging between 3 and 
5 mL/s. For excellent arterial phase  enhancement, 
the iodine delivery rate (iodine administered per 
second) is essential. An appropriate iodine deliv-
ery rate can be equally achieved by higher iodine 
concentrations (400  mg I/mL) and lower flow 
rates as well as by lower iodine concentrations 
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(300  mg/mL) with higher flow rates. The total 
amount of iodine administered largely rules the 
hepatic enhancement in the portal venous phase. 
However, higher amounts of iodine have the dis-
advantage of increasing the risk of contrast-
induced nephropathy, which is related to the 
total quantity of iodine in patients with renal 
insufficiency. Reduction of tube kilovoltage 
results in decreased radiation dose and allows a 
reduction of iodine-contrast material dosage, but 
increases image noise, and therefore, reduces 
image quality. A relatively new algorithm, the 
“iterative reconstruction algorithm,” enables the 
generation of images of comparable quality 
despite reduced contrast dose (Buls et al. 2015). 
The use of thinner reconstructed images over 
thicker ones improves lesion detection (Weg 
et al. 1998); therefore, slice thickness for recon-
struction of axial acquired series should not 
exceed 3 mm.

CT texture analysis, a technique that shows 
spatial heterogeneity beyond visual perception, 
has been tested for non-contrast imaging 
(Ganeshan et al. 2009) and portal venous phase 
imaging (Miles et al. 2009), and showed promis-
ing results for the assessment of occult 
micrometastases.

3.3  Magnetic Resonance Imaging

During the past decade, MRI has emerged as the 
leading imaging modality for the assessment of 
focal liver lesions. Technical advances have 
enabled routine implementation of new MR 
sequences, such as 3D T1-weighted fast-spoiled 
gradient echo (GRE) and diffusion-weighted 
imaging (DWI). The unique, high, intrinsic soft 
tissue contrast between normal liver parenchyma 
and liver lesions on MR imaging can further be 
enhanced with the help of intravenous, nonspe-
cific (extracellular) and liver-specific (hepatobili-
ary) gadolinium-based contrast agents, enabling 
morphological and functional assessment as well. 
Disadvantages include a higher susceptibility to 
motion artifacts, longer duration of a liver MR 
examination, and recently reported concerns 
about gadolinium deposition in human tissue. A 
multichannel phased array coil in combination 

with table-embedded spine coils are preferred 
whenever possible. A field strength of at least 
1.5  T is required, but it has been shown that 
contrast- enhanced 3D-GE imaging at 3  T pro-
vides higher image quality (Ramalho et al. 2009).

3.3.1  Contrast Media
For dynamic phase imaging, all non-blood pool 
gadolinium-based contrast agents (GBCAs) are 
suitable, with distribution in the extracellular 
space within and outside the vessels comparable 
to the iodinated contrast media used in 
CT. However, due to possible gadolinium reten-
tion in a number of tissues, such as bone, skin, 
and brain, macrocyclic GBCAs should be used in 
favor of linear GBCAs (McDonald et al. 2018). A 
weight-based dosage of 0.1  mmol/kg is recom-
mended at a rate of 1–2  mL/s, followed by a 
20-mL saline flush at 1–2  mL/s using a power 
injector.

Hepatobiliary contrast agents represent a 
group of paramagnetic molecules that are taken 
up by hepatocytes and excreted into the bile, 
delineating lesions without functioning hepato-
cytes as hypointense to a normal-enhancing liver 
parenchyma in the hepatobiliary phase. 
Gadobenate dimeglumine (formerly known as 
Gd-BOPTA, MultiHance®, Bracco) and gadox-
etic acid (formerly known as Gd-EOB-DTPA; 
Primovist® or Eovist®, Bayer Healthcare) show a 
biphasic liver enhancement and are eliminated by 
renal and hepatic excretion pathways as well, 
allowing assessment of early perfusion informa-
tion about the renal elimination pathway and 
hepatocyte-specific information about the hepatic 
excretion pathway. There are only few currently 
available studies comparing both liver-specific 
contrast agents, indicating no diagnostic superi-
ority of one agent when comparing the hepatobi-
liary phase (Gupta et al. 2012; Park et al. 2010), 
although gadoxetic acid provides the highest 
hepatocyte enhancement (Kim et  al. 2013). 
Dosing is 0.025 mmol/kg bodyweight for gadox-
etic acid and 0.1 mmol/kg gadobenate dimeglu-
mine with a flow rate of 1 mL/s, followed by a 
sodium chloride flush. Respiratory artifacts dur-
ing the arterial phase after injection of gadoxetic 
acid have been observed (Davenport et al. 2013; 
Motosugi et  al. 2016; Luetkens et  al. 2015). 
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However, fewer artifacts were reported with the 
use of a diluted power-injected protocol or a spe-
cial 3D gradient-echo (GRE) pulse sequence 
with incomplete interpolated k-space filling and a 
parallel imaging technique (Polanec et al. 2017; 
Gruber et al. 2018).

A manganese-based liver-specific agent, man-
gafodipir trisodium, could not be administered as 
a bolus, and thus, the assessment capabilities of 
vascular structures were limited, although, for 
characterization of hepatocellular lesions, good 
accuracy has been shown (Scharitzer et al. 2005). 
Mangafodipir trisodium has been withdrawn 
from the market for some years, but, given the 
discussion about gadolinium-based MR contrast 
agents, it may reappear as a generic agent in the 
future. Reticuloendothelial system agents (RES) 
are superparamagnetic iron oxide-based (SPIO) 
contrast agents that are taken up by RES cells of 
the normal hepatic parenchyma, the spleen, and 
lymph nodes. By shortening T2 and T2* relax-
ation times, a loss of signal intensity has been 
observed in the normal liver parenchyma, delin-
eating hyperintense malignant liver lesions with-
out RES cells. Although a high accuracy for 
detection of liver metastases has been reported 
(del Frate et  al. 2002; Ward et  al. 2005), these 
agents have been taken off the market in Europe 
and the United States. A comparison of CE-CT, 
CE-US, SPIO-MRI, and gadoxetic acid-enhanced 
MRI in patients with colorectal liver metastases 
showed the highest sensitivities for MRI with the 
superiority of gadoxetic acid-enhanced MRI to 
SPIO-MRI for lesions smaller ≤10  mm (Muhi 
et al. 2011).

3.3.2  MRI Sequences
The European Society of Gastrointestinal and 
Abdominal Radiology (ESGAR) formed a multi-
national European panel of experts and provided 
updated recommendations on the methodology 
and clinical indications of MRI with liver- specific 
contrast agents (Neri et al. 2016), including MR 
sequences for the workup of focal liver lesions:

• Axial breath-hold, heavily T2-weighted, half- 
Fourier, single-shot turbo spin-echo (TSE) 
sequence.

• Navigator-triggered, intermediate 
T2-weighted TSE sequence.

• Breath-hold T1-weighted 2D GRE in-phase 
and opposed-phase sequence.

• Dynamic contrast-enhanced, fat-suppressed, 
3D T1w GRE breath-hold sequence, acquired 
before and during the late arterial, portal 
venous, and equilibrium phase after IV admin-
istration of gadolinium chelate.

• Diffusion-weighted imaging (DWI) using low, 
intermediate, and high b-values should be 
implemented, with an ADC map included.

• If a liver-specific agent is administered: 
hepatocyte- specific imaging, with an addi-
tional hepatobiliary phase 20  min or 
60–120 min post (depending on the contrast 
agent).

To shorten acquisition time, T2w and DWI 
sequences can be performed after completion of 
the late dynamic phase, if a hepatobiliary contrast 
agent is used. A slice thickness maximum of 
5  mm for 2D sequences and 3  mm for 3D 
sequences should be used. In general, DWI pulse 
sequences are used for metastasis detection. The 
diffusion coefficient of lesions is related to lesion 
cellularity and the size of the extracellular space. 
Metastases show restricted diffusion, which 
results in high SI on DW images and lower ADC 
values than those of the surrounding liver paren-
chyma, which aids in detection (Taouli and Koh 
2010). But, some benign lesions, such as hepato-
cellular adenoma or focal nodular hyperplasia, 
may show lower ADC values than malignant 
lesions and abscesses (Miller et  al. 2010). 
Attempts to use DWI sequences alone as a reli-
able sequence for the preoperative detection of 
liver metastases have demonstrated good diag-
nostic performance, with a sensitivity of 87% and 
a specificity of 90%, comparable to CE-MRI, but 
diagnostic accuracy can be increased if DWI is 
combined with CE-MRI (Wu et  al. 2013). A 
recent meta-analysis showed that the combina-
tion of gadoxetic acid-enhanced MRI and DWI is 
superior to gadoxetic acid–enhanced MRI or 
DWI alone. The combination of both techniques 
reaches a sensitivity of 95% for the detection of 
metastases (Vilgrain et al. 2016a).
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A drawback of dynamic contrast-enhanced 
acquisitions is the presence of motion artifacts in 
patients who have difficulty holding their breath. 
Yoon et  al. have studied the image quality of 
respiratory-triggered 3D T1W-GRE sequences 
compared to standard breath-hold T1W-GRE for 
hepatobiliary phase imaging. In noncooperative 
patients, respiratory-triggered 3D T1W-GRE 
imaging showed better image quality, with better 
diagnostic performance (Yoon et al. 2015). This 
was also true for patients with sufficient breath- 
holding capacities.

Routine T2-weighted sequences (TE around 
90 ms) show a markedly increased signal inten-
sity of benign lesions, such as cysts and heman-
giomas, and a moderately increased signal 
intensity of malignant lesions. When echo time is 
increased (TE >160 ms), malignant lesions show 
less signal intensity and may appear isointense to 
the liver parenchyma. New quantitative func-
tional imaging parameters have been developed 
and tested for the investigation of liver lesions. 
By measuring the hemodynamic response in 
mice, pathological changes in liver perfusion 
during CO2 inhalation demonstrated better sensi-
tivities for small metastases compared to CE-MRI 
(Edrei et al. 2014).

3.4  Hybrid Imaging

Fluorodeoxyglucose-positron emission tomogra-
phy (18FDG-PET) combined with CT (PET-CT) 
includes molecular and metabolic mapping of 
glucose uptake, combined with the high spatial 
resolution of CT. In a meta-analysis and system-
atic review by Maffione (Maffione et al. 2015), 
FDG PET/CT was less sensitive, but more spe-
cific, compared to MRI and CT, with the added 
advantage of delineating extrahepatic disease. In 
other studies, PET showed no significant influ-
ence on survival if added to the regular diagnostic 
workup (Moulton et al. 2014); however, PET/CT 
performed better than other modalities in patients 
with CRLM (Mainenti et  al. 2010). Due to the 
high cost and additional exposure to radiation, 
the application of PET/CT is reserved for sus-
pected extrahepatic disease in candidates for liver 

surgery (Ruers et al. 2009). Possible applications 
include investigations of patients with an unex-
plained rise in CEA without identifiable meta-
static lesions on conventional CT or MRI 
(Giacomobono et al. 2013) and metabolic moni-
toring to assess tumor response (Storto et  al. 
2009).

Recently, a fully integrated PET/MR imaging 
system that can acquire complementary anatomic 
and metabolic information was introduced to 
oncologic imaging. For the detection of liver 
metastases, recent studies have evaluated the per-
formance, with results comparable to (Drzezga 
et  al. 2012; Quick et  al. 2013), or even better 
(Kershah et al. 2013) than, PET/CT. No signifi-
cant difference in diagnostic performance com-
pared to MR with liver-specific contrast medium 
was found by Lee (Lee et  al. 2016), whereas 
Kirchner et al. reported an increased diagnostic 
accuracy of liver-specific contrast phase 18F- 
FDG PET/MRI compared to liver-specific MRI 
alone or PET/MRI without liver-specific contrast 
agent (Kirchner et al. 2017). Recent studies have 
investigated its possible role in assessing 
enhanced metabolism to show therapeutic 
response after ablation (Nielsen et al. 2014).

4  Imaging Features

Liver metastases usually present as multifocal 
lesions, sometimes as a single metastasis or a 
confluent mass with variable sizes (Silva et  al. 
2009). Various patterns at sonography and CT/
MRI can be observed, which helps to distinguish 
benign and malign lesions and search for an 
unknown primary.

4.1  Sonographic Pattern

Most common, metastatic liver lesions are 
hypoechoic, and less commonly, hyperechoic 
(from colorectal, renal carcinoma, choriocarci-
noma, liposarcoma, Kaposi sarcoma, or neuroen-
docrine tumors). A peripheral halo sign, also 
called a target or “bull’s eye” sign is common in 
many metastases and is a concerning feature 
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(Fig. 2). This sign can help to distinguish a hyper-
echoic metastasis from benign lesions like hem-
angiomas (Fig.  3). Additional sonographic 
patterns include cystic lesions, as seen in patients 
with squamous cell carcinoma, ovarian, pancre-
atic, or colorectal cancer, and a calcific or mixed 
echogenic appearance. Infiltrative, poorly defined 

metastases are caused by melanoma, breast can-
cer, or lung cancer. Associated intrahepatic bili-
ary dilation is seen in patients with colorectal 
carcinoma.

Similar to contrast-enhanced dynamic CT and 
MRI, different focal liver lesions show quite 
characteristic enhancement features. Metastases 
are either hypoechoic or hyperechoic in the arte-
rial phase and usually show washout to hypoecho-
genicity in the portal venous and the delayed 
vascular phases (Fig. 4). Contrary to CECT and 
CEMRI, hypoenhancing metastases on single 
portal venous phase imaging show a transiently 
hypervascular enhancement on CEUS due to 
continuous recording of tumor angiogenesis dur-
ing the early arterial phase and marked washout 
during late-phase imaging (Durot et  al. 2018). 
Washout begins early, showing punched-out 
“black foci” demarcated from the homoge-
neously enhancing liver parenchyma (Claudon 
et al. 2013). Additional features include complete 
enhancement during the arterial phase or nonen-
hancing intralesional regions. Rare, false-positive 
results can be observed in small abscesses or 
necrotic lesions, as well as granulomas or inflam-
matory pseudotumors (Claudon et  al. 2013). 
Cystic metastases may show vascular flow in 
thickened cystic walls or solid mural nodules 
(Larsen 2010).

Fig. 2 Hyperechoic metastasis of a liposarcoma in the 
dorsal part of the right liver lobe. The hypoechoic halo 
around the lesion is highly suspicious for malignancy 
(“bull’s eye lesion”)

a b

Fig. 3 Differentiation from benign hyperechoic lesion. (a) A small hyperechoic metastasis with a very subtle halo sign. 
The thin dark rim around the lesion helps to distinguish it from a benign hyperechoic lesion, such as a hemangioma (b)
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CEUS is especially convenient when perform-
ing an ultrasound-guided biopsy of liver lesions. 
Indications for a CEUS-guided biopsy are a tar-
get lesion not visible on non-enhanced US 
(27.2%); improvement of conspicuity of the tar-
get (33%); and to choose a non-necrotic area 
inside the target lesion (39.8%), especially in a 

previously nondiagnostic cytohistological exami-
nation (Fig.  5). The diagnostic accuracy of the 
technique is 99% (Francica et al. 2017). In case 
of tumor ablation, CEUS, as a “real-time dynamic 
assessment method,” can be very helpful in 
 monitoring the ablation process (Dietrich et  al. 
2015), (Fig. 6).

a

b

Fig. 4 CEUS of a colorectal liver metastasis shows the 
enhancement typical for malignancy: (a) early arterial 
phase with rim enhancement (arrow); (b) almost complete 

enhancement of the tumor in the late arterial phase 
(arrow); and (c) washout in the portal venous phase 
(arrow)
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4.2  Imaging Pattern on CT 
and MRI

On precontrast CT, liver metastases are usually 
hypodense, and hypointense on T1-weighted 

images, with the exception of melanoma or 
hemorrhagic metastases, which may be 
T1-hyperintense (because of the paramagnetic 
properties of melanin (Fig. 7) and methemoglo-
bin) (Fig. 8). On T2-weighted images, metasta-
ses are typically moderately hyperintense 
(Fig. 9), with very high signal observed in cys-
tic or mucinous metastases (Fig.  10). 

c

Fig. 4 (continued)

Fig. 5 US-targeted biopsy of a small subcapsular 
colorectal liver metastases. The metastasis was not visible 
on unenhanced CT (not shown). CEUS shows a small 
hypoenhancing lesion for about 2 min in the portal venous 
phase (arrow). In this time window, the CEUS-guided 
biopsy can be performed

Fig. 6 CEUS of tumor ablation (RFA) of a small colorec-
tal liver metastasis. Peri-interventional monitoring with 
CEUS shows a well-circumscribed ablation zone. There 
are no microbubbles inside the ablation zone, which indi-
cates complete necrosis
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Hemorrhagic metastases may show fluid–fluid 
levels (Fig.  8c). Typically, metastatic lesions 
are poorly circumscribed. On postcontrast 
images, small lesions show homogeneous 
enhancement versus large lesions with hetero-
geneous contrast uptake, with further various 
enhancement patterns that can be 
discriminated:

• Hypoenhancing metastases: These demon-
strate lesser enhancement than the surround-
ing liver parenchyma and appear, therefore, 
hypodense/hypointense on contrast-enhanced 
images. Most primary tumors that demon-
strate this pattern are adenocarcinoma (gastro-

intestinal tract), squamous cell cancer, acinar 
cell cancer (prostate), or transitional cell car-
cinoma (Fig. 11). Sometimes, hypoenhancing 
lesions may be visible only in the early 
enhancing phase as areas of reduced enhance-
ment, with enhancement similar to the liver 
parenchyma in the delayed phase.

• Hyperenhancing metastases: Common pri-
mary tumors leading to an enhancement 
greater than the liver parenchyma in the arte-
rial phase are neuroendocrine tumors, renal 
cell carcinoma, melanoma, thyroid, and, 
sometimes, breast cancer (Fig. 12). Although 
termed hyperenhancing, these lesions may 
appear isodense or hypodense to the liver 

a b

c

Fig. 7 Hyperintensity on T1: melanin-containing metas-
tases (a) Multiple small lesions (arrows), which are hyper-
intense on the T1w fat-suppressed GRE image. (b) DW 
image (B = 400) shows only the larger metastasis in the 

left lobe (arrow). (c) On the gadoxetic acid-enhanced 
image the larger metastasis is clearly seen (arrow). The 
small metastases blend in with the enhanced parenchyma 
and are only faintly seen
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parenchyma on arterial and portal venous 
phases as well, emphasizing the need for mul-
tiphase imaging. Often, there is a washout of 
contrast material to hypointensity/hypoden-
sity in the venous or delayed phase, which 
facilitates differentiation from a flash-filling 
hemangioma (which would display contrast 
pooling).

• Cystic/necrotic metastases: A minority of 
liver metastases may show a cystic pattern, 
with the risk of misinterpretation as more 
common benign lesions. Two different path-
ological mechanisms can be found (Mortele 
and Ros 2001): rarely, gastrointestinal stro-
mal tumors and cancer of the ovary may 
result in cystic hepatic metastases (Fig. 13). 
More often, central cystic degeneration and 

a b

c

Fig. 8 Hyperintensity on T1: hemorrhagic metastasis in 
renal cell cancer. (a) The lesion shows a bright signal on 
T1w in-phase (arrow) and (b) opposed-phase images 

(arrow) due to methemoglobin. (c) There are fluid–fluid 
levels on the T2w TSE image (arrow)

Fig. 9 Moderate hyperintensity on T2. MRI shows mild 
high signal intensity on transverse fat-suppressed 
T2-weighted images (arrows) in comparison to a very 
high signal intensity of a small intrahepatic cystic lesion 
(short arrow)
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necrosis are caused by a rapid growth in 
hypervascular metastases (Fig.  14). This 
increased growth in relation to the lesion’s 
blood supply can be found in metastases of 
neuroendocrine tumors, melanoma, GIST, 
and certain subtypes of lung and breast can-
cer. Knowing the primary tumor and the 
clinical history, with rim enhancement on 
imaging, indistinct margins in the interstitial 
phase, size reduction, and multiple occur-
rences, can facilitate correct diagnosis. 

Secondary cystic changes can also be seen 
after treatment, complicating the differentia-
tion between active and inactive metastases. 
A PET scan can be used to show an increased 
FDG uptake and to enable differentiation 
between cystic metastases and benign 
hepatic lesions.

• Peripherally enhancing metastases: In the 
early phase after intravenous contrast 
 administration, peripheral early enhancement 
with or without subsequent centripetal filling 

a b

Fig. 10 Marked hyperintensity on T2: mucinous metas-
tasis. (a) T2-weighted fat-suppressed image of a muci-
nous tumor (arrow) may approach the T2 signal intensity 

of a hemangioma. (b) However, thick irregular enhance-
ment during the arterial phase (arrow) is suspicious of 
malignancy

a b

Fig. 11 Hypoenhancing metastases. (a) CT imaging in 
the arterial phase shows multiple hypodense metastases 
from an adenocarcinoma of the GI tract with less enhance-

ment than the surrounding liver parenchyma and a thin 
rim enhancement. (b) During portal venous phase, lesions 
remain hypodense to normal hepatic tissue
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in the delayed phase can be observed in 
hyper- and hypovascular metastases, a highly 
positive predictive finding for malignancy 
(Fig.  15). Studies have shown a histopatho-
logic correlation with a thick tumor border 
containing a peritumoral desmoplastic reac-
tion and compact tumor cells in the periphery 
of the metastases (Danet et  al. 2003). This 
sign (also called the “halo” sign) must be dis-
tinguished from parenchymal enhancement 

around the lesion due to inflammatory cell 
infiltration or arterio- portal shunting in the 
compressed liver parenchyma, also seen in 
benign lesions, such as hemangiomas 
(Semelka et al. 2000).

• Calcified metastases: Eleven percent of liver 
metastases are calcified at initial presentation, 
most often as fine calcifications with a  variable 
distribution (Hale et al. 1998). During chemo-
therapy, central calcifications may develop or 

a b

c d

Fig. 12 Hyperenhancing metastases. (a) In this patient 
with a neuroendocrine tumor, T2-weighted fat-suppressed 
imaging shows a moderately hyperintense lesion in the 
right hepatic lobe (arrow) and a small markedly hyperin-
tense lesion (short arrow). (b) After administration of 
gadolinium, marked uptake of contrast material can be 
seen within the metastasis (arrow) as opposed to the liver 

cyst (short arrow). (c) Portal venous phase shows a signifi-
cant washout of contrast material in the metastatic lesion 
(arrow). (d) ADC helps in differentiating both lesions 
with decreased signal on ADC map of the metastasis 
(arrow), consistent with restricted diffusion, and high sig-
nal in the cyst due to a T2-shine through effect (short 
arrow)
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change, without any prognostic correlation 
(Fig. 16).

• Hemorrhagic metastases: Hepatic metastases 
from pulmonary, renal, testicular, or melanoma 
primaries are the most frequent types that 
cause hepatic bleeding and show hyperintense 

signal intensities on T1-weighted imaging 
(Fig. 8a). Hemoperitoneum has been reported 
in very few case reports (Casillas et al. 2000).

• Fat-containing metastases: These are uncom-
mon and can be found in patients with a 
 liposarcoma and a malignant germ cell tumor 
as primary. Although clear-cell renal cell 
carcinoma is the most likely fat-containing 

Fig. 13 Cystic metastases. In a patient with lung cancer 
(right lower lobe, short arrow), a thick-walled cystic 
metastasis (arrow) could be confused with an abscess. 
However, there are no signs of perifocal edema and the 
patient did not show clinical signs of sepsis

Fig. 14 Central necrosis. CT in the arterial phase shows 
two metastatic lesions in a patient with renal cell cancer in 
the superior aspect of the right lobe of the liver with avid 
peripheral rim enhancement and central hypodense atten-
uation due to necrosis (arrows)

Fig. 15 Peripherally enhancing metastases. MRI imag-
ing in a patient with renal cell cancer in the arterial phase 
after administration of gadolinium shows a large meta-
static lesion with early peripheral rim enhancement 
(arrows), also called “halo sign,” caused by the avid vas-
cularized outer periphery of the metastasis

Fig. 16 Value of unenhanced CT for detecting calcified 
metastases. The unenhanced CT scan in this patient with 
colorectal cancer clearly shows a centrally hyperattenuat-
ing portion of the metastasis due to calcification
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primary malignancy with liver metastases, fat 
is seldom proven on chemical-shift MRI in 
clear- cell RCC metastases (Costa et al. 2018). 
The visualization of intratumoral fat deposi-
tion in colorectal liver metastases has also 
been described by Nakai et al. 2018) in more 
than 50% of patients after chemotherapy on 
dual-echo GRE MR imaging and was an inde-
pendent predictor of unfavorable overall sur-
vival in their study (Nakai et al. 2018).

• “Doughnut” sign: This sign shows a low- 
signal intensity rim around an irregular center 
of even lower signal intensity on T1-weighted 
imaging in some liver metastases (Fig.  17) 
(Wittenberg et al. 1988).

• “Target” sign: Lesions from breast carcinoma 
and gastrointestinal adenocarcinoma may 
demonstrate a peripheral rim enhancement 
with an inner ring of enhancement that simu-
lates a target pattern on arterial and early por-
tal venous phase imaging (Fig. 18).

• “Peripheral washout” sign: This is the same 
as the peripheral low-density/intensity area 
sign. It is seen in hyper- and hypovascular 
metastases during the portal venous phase 
and equilibrium phase (Fig. 19). The sign is 
defined by an enhancing liver lesion and a 

peripheral hypodense/hypointense rim, 
caused by the growing peripheral tumor 
margin and the center-containing necrotic 
areas. The sign is associated with malig-
nancy, with a  sensitivity of 24.5% and a 
specificity of 100%, but also includes other 
malignant hepatic lesions, such as hepato-

a b

Fig. 17 Doughnut sign. (a) CT imaging in a patient with 
bronchial carcinoma in the arterial phase showing a 
hypodense round lesion in the right liver lobe (arrow) with 

a low signal intensity rim around a more hypodense cen-
ter. (b) This “doughnut sign” is better depicted on portal 
venous phase imaging (arrow)

Fig. 18 Target sign. MR imaging in this patient with 
breast cancer in the portal venous phase after administra-
tion of gadolinium shows a lesion with a triple-layered 
appearance: a thin peripheral rim enhancement, a dark 
middle ring, and a bright center due to contrast uptake in 
the central fibrosis, mimicking a target pattern (arrow)
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cellular carcinoma and cholangiocarcinoma 
(Mahfouz et al. 1994).

A perilesional fat deposition with a bright sig-
nal on T1-weighted imaging can occasionally be 
found in metastases from pancreatic insulinoma 
caused by local insulin production as an inhibitor 

of fatty acid oxidation and accumulation of lipid 
in hepatocytes adjacent to the metastasis (Sohn 
et al. 2001), or, in lesions that occlude the seg-
mental portal or hepatic venous blood flow 
(Fig.  20). A pseudocapsule is not found in 
 metastases, which is helpful for the discrimina-
tion from hepatocellular carcinoma.

a b

Fig. 19 Peripheral washout sign. (a) Axial T1-weighted 
MR image in the arterial phase after gadolinium adminis-
tration shows hypoattenuating lesions with thick irregular 
peripheral enhancement (arrows). (b) In the equilibrium 

phase, there is washout of contrast in the periphery of the 
vital tumor, which results in a dark outer rim (arrows), 
indicating malignancy in this patient with breast cancer

a b

Fig. 20 Metastases of insulinoma. (a) T1-weighted 
unenhanced in-phase imaging shows multiple hypoin-
tense liver lesions (arrow). (b) Some of them show a 

peripheral signal loss on opposed-phase imaging due to a 
perilesional fat deposition caused by local insulin produc-
tion (arrow)
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4.3  Treated Metastases

After beginning chemotherapy, there is a less 
aggressive enhancement of hypervascular liver 
metastases that mimics hemangiomas. This is 
due to therapy-associated antiangiogenesis with 
altered vascularity, which results in early 
peripheral enhancement and retention of con-
trast material on a 10-min delayed phase due to 
an enlarged extracellular space or decreased 
venous drainage (Semelka et al. 1999). In con-
trast to a discontinuous enhancement rim of 
hemangiomas, treated metastases show an early, 
intact peripheral enhancement. A hypointense 
pattern of surrounding liver parenchyma in the 
hepatobiliary phase, also called focal hepatopa-
thy, has been reported by Han et al. (2014) as a 
potential pitfall of liver- specific contrast agents 
in patients who received oxaliplatin as part of 
their chemotherapy regimen. Specifically, in 
these patients, due to the sinusoidal obstruction 
syndrome, the morphologic pattern of the focal 
hepatopathy at the hepatobiliary phase with ill-
defined margins may help to avoid this potential 
pitfall (Han et al. 2014).

Calcification of colorectal metastases (Fig. 16) 
can also be found in patients enrolled in chemo-
therapeutic therapy regimens. The presence of 
calcification has been correlated to an improved 
survival, as stated by Easson et al. (Easson et al. 
1996). Abscess formation (Fig. 21) is an unusual 
complication after hepatic transarterial chemo-
embolization with a reported frequency of up to 
2% of procedures (Kim et al. 2001). In patients 
with bilioenteric anastomosis, retrograde coloni-
zation with intestinal flora may lead to biliary 
necrosis after chemoembolization.

4.3.1  The Disappearing Metastasis 
after Preoperative 
Chemotherapy

“Disappearing liver metastases,” which mimic a 
complete response after neoadjuvant chemother-
apy, may cause a mismatch between the radio-
logical diagnosis and the true histologic response. 
Since only a very small percentage of patients 
have a complete response of all liver metastases 
on imaging, surgery remains an important thera-
peutic tool (Kuhlmann et al. 2016). But, as shown 
in a study by Benoist et al., the majority of disap-

a b

Fig. 21 Abscess formation. (a) Patient with large 
colorectal metastases in the right liver lobe diagnosed on 
CT at portal venous phase. (b) After chemotherapy, CT 
demonstrates air within the shrinking metastases, consis-

tent with intralesional abscess formation (arrow) with 
inflammatory enhancement of the peritoneum and perihe-
patic fluid collection (short arrows)
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pearing liver metastases (up to 83%), as assessed 
by CT, showed viable tumor cells by histopathol-
ogy or recurrence in situ (Benoist et  al. 2006). 
Factors that lead to underestimation on imaging 
include reduced uptake of contrast media of ill- 
defined and very small lesions, increasing intral-
esional fat content, and reduced attenuation 
difference between the liver parenchyma and 
metastases on CT after chemotherapy (Park et al. 
2017). MRI with hepatobiliary contrast agents 
appears to be the most appropriate imaging 
method (van Kessel et al. 2012) compared to the 

more false-positive complete imaging responses 
reported with CT and PET-CT (Auer et al. 2010). 
Disappearing colorectal liver metastases on 
gadoxetic acid-enhanced liver MRI and DWI 
show low recurrence rates, except in patients 
with reticular hypointensity of the liver paren-
chyma on hepatobiliary phase imaging, indica-
tive of chemotherapy-induced sinusoidal 
obstruction syndrome, and warranting special 
care during follow-up (Kim et al. 2017), (Fig. 22).

Other predictive factors for a true complete 
response are the use of hepatic arterial infusion 

a b

c

Fig. 22 Disappearing metastases after chemotherapy in a 
patient with colorectal cancer. (a) Gadoxetic acid–
enhanced staging MRI shows multiple hypointense 
metastases (arrows). (b) After chemotherapy there is con-
siderable shrinkage of metastases (arrows). Patients were 

scheduled for two-staged liver surgery, with left hepatec-
tomy first, followed by atypical resection of right-sided 
metastases. (c) Follow-up after left hepatectomy shows 
further size reduction of lesion in S7, the small metastasis 
in S8 has disappeared
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chemotherapy and normalization of serum carci-
noembryonic antigen levels, as shown by Auer 
et  al. (2010). After local or systemic therapy, a 
slight increase in size may be misinterpreted as 
tumor progression, even though it is caused by an 
early response to antiangiogenic treatment, also 
called “pseudo-progression.” This increase in size 
at CT is combined with a reduction of attenuation 
due to edema within the lesion and decreasing 
tumor markers (Chung et al. 2012).

5  Algorithms for Imaging

Multiphasic CT or MR imaging should be the 
preferred diagnostic tests, depending on the clini-
cal setting (such as follow-up examination or pre-
surgical planning). The choice of these tests can 
vary depending on local radiological expertise 
and available equipment. In addition, patient- 
related factors, such as renal function, known 
contrast allergy, cardiac pacemakers, and others 
affect the choice of imaging modality. A meta- 
analysis comparing the diagnostic performance 
values of CT, MR, FDG-PET, and FDG PET/CT 
in studies published between 1990 and 2010 
showed that MRI should be the first-line investi-
gation method for the detection of hepatic metas-
tases (Niekel et al. 2010).

The detection of lesions smaller than 1 cm at 
CT, in particular, has a lower sensitivity com-
pared to MRI with hepatocyte-specific contrast 
medium (Scharitzer et  al. 2013). This was con-
firmed in a meta-analysis by Vreugdenburg et al. 
(2016), which showed higher sensitivities for 
gadoxetic acid-enhanced MRI compared to 
CECT for the detection of liver metastases, espe-
cially for lesions smaller than 10 mm (sensitivity 
ratio 2.21), with a decrease in specificity (speci-
ficity ratio 0.92). The International Hepato- 
Pancreato- Biliary Association (IHPBA) stated in 
their consensus that MRI, using gadoxetic acid 
and DWI imaging, have the best performance 
characteristics for the evaluation of liver metasta-
ses, especially for small lesions and preexisting 
steatosis (Adams et al. 2013), which was subse-
quently confirmed by a large meta-analysis by 
Vilgrain (Vilgrain et al. 2016a).

The direct relationship between the incidence 
of hepatic metastases and the histological type 
and stage of the primary tumor should be consid-
ered when planning the type of diagnostic test. 
According to the ACR Appropriateness Criteria® 
(Expert Panel on Gastrointestinal Imaging 2017), 
the appropriateness of imaging depends on spe-
cific clinical scenarios:

Initial imaging test following newly diagnosed 
primary tumor

Consensus recommendations of the Expert 
Group of OncoSurgery Management of Liver 
Metastases agree that an initial CT should be per-
formed, including injection of iodine contrast for 
primary staging (Adams et  al. 2015). Contrast- 
enhanced CT phases should include an arterial 
and venous phase for the initial examination in 
patients with or suspicion of liver metastases, 
which will also enable an evaluation of extrahe-
patic disease. But, CECT may miss up to 25% of 
liver metastases, especially in patients with 
hepatic steatosis (Berger-Kulemann et al. 2012). 
Multiparametric MRI, including DWI and 
hepatobiliary- phase imaging, is an excellent 
modality for the assessment of liver metastases, 
but is limited by scan time, susceptibility to 
motion artifacts, economic factors, and availabil-
ity. Han et al. tested the additional impact of liver 
MRI in newly diagnosed patients with colorectal 
cancer by dividing three groups according to CT 
results and concluded that MRI is beneficial for 
patients with suspicious or not-too-small-to-
characterize indeterminate lesions, but adds no 
benefit for patients with diminutive lesions or 
patients with no metastases found at CT (Han 
et al. 2015). Regardless of the technique, a high- 
quality baseline investigation should be per-
formed before any chemotherapeutic treatment is 
started since lesions can be more easily detected 
before treatment.

The sensitivities for ultrasonographic detec-
tion of metastases are reportedly low and vari-
able, with sensitivities ranging from 50 to 76% 
(Cantisani et al. 2014), thus limiting its use as a 
staging modality. Recommendations of recent 
international guidelines for the use of CEUS 

M. Scharitzer et al.



161

include: (1) characterization of indeterminate 
lesions at MRI/CT; (2) as an alternative when 
CT and MRI contrast are contraindicated; and 
(3) surveillance of oncological patients if CEUS 
has been useful before (Claudon et  al. 2013). 
FDG- PET/CT is recommended as an initial 
staging method for several primary tumors, such 
as lung, esophageal, head and neck cancer, or 
lymphoma. For the assessment of malignant dis-
ease that commonly spreads to the liver, the role 
of CEUS has not yet been established (Brush 
et al. 2011).

Assessment before surgery: the incremental 
value of MRI

Since unnecessary hepatectomies should be 
avoided, a combined diagnostic approach that 
includes CT and multiparametric liver MRI is 
generally optimal. The ESMO consensus guide-
lines favor MRI with a hepatobiliary contrast 
agent to identify resectable/unresectable dis-
ease, especially for lesions <10 mm (Van Cutsem 
et al. 2016). This was confirmed in a study by 
Ko et al., which showed an overall sensitivity of 

preoperative CT imaging of 8% for a nodule size 
of 1–5 mm and a sensitivity of 23.5% for a nod-
ule size of 6–10  mm (Ko et  al. 2017). When 
comparing patients with synchronous colorectal 
liver metastases, who were undergoing preoper-
ative CT only, to patients with an additional 
MRI, a significantly higher 5-year survival rate 
was found in the group who underwent both 
(Kim et  al. 2018). The use of gadoxetic acid-
enhanced MRI decreased the need for further 
imaging studies, increased confidence in the 
diagnosis, and altered surgical plans in a signifi-
cant number of patients in the preoperative set-
ting, because MRI showed additional metastases 
in 21–30% of patients (Kim et  al. 2015) 
(Fig. 23).

CE-CT and CE-MRI angiography have shown 
similar results for the assessment of vascular 
anatomy before surgery (Sahani et  al. 2004), 
although CT has some advantages, such as rapid 
acquisition, less susceptibility to motion artifacts, 
and thin collimation. If synchronous liver metas-
tases are initially resectable, liver MRI can be 
performed according to availability and local 
expertise. The role of PET-CT, when added to 

a b

Fig. 23 Incremental value of MRI. (a) Portal venous 
phase CT shows only one lesion (arrow), suspicious of 
hepatic metastasis in this patient with colorectal cancer. 
(b) Gadoxetic acid-enhanced MRI (T1-weighted VIBE, 

hepatobiliary phase) shows another three subcapsular 
lesions of non-hepatocellular origin that could be assigned 
with high confidence (short arrows)

Liver Metastases



162

cross-sectional imaging, has to be further 
assessed, although it is helpful for the assessment 
of extrahepatic disease (Adams et  al. 2015). 
Intraoperative ultrasound combined with surgical 
exploration is the method of choice. This was 
shown in a systematic review by Ellebæk and 
colleagues, who reported a detection rate of 
32–57% additional liver metastases compared to 
preoperative imaging modalities, especially for 
liver metastases <10  mm in diameter (Ellebæk 
et al. 2017).

Surveillance following treatment of primary 
tumor

Intervals for surveillance imaging depend on 
individual risk factors and the therapeutic possi-
bilities to find a curable recurrence as soon as 
possible. CT is commonly recommended as a 
standardized screening tool after therapy of the 
primary malignancy since liver metastases are 
not the only clinical question for surveillance. 
Nevertheless, whole-body MRI may represent a 
valid alternative, with the benefit of no radiation. 
After chemotherapy, CE-MRI should be the pre-
ferred method over CT and PET/CT, because 
chemotherapy-induced liver steatosis reduces 
liver-to-lesion contrast on CT. In general, for fol-
low- up, identical CT examination protocols, as 
well as comparable MR sequences, timing, and 
contrast agents, should ideally be used, and mea-
surements should be made on the same sequence 
for each time point.

Patients with severe steatosis

In cases of severe steatosis already visible on CT, 
an additionally performed MRI should be consid-
ered, even if no suspect lesions are detected on 
CT.  When comparing the diagnostic value of 
gadoxetic acid-enhanced MRI at 3 T with 64-row 
MDCT in the detection of colorectal liver metas-
tases in diffuse fatty infiltration of the liver, MRI 
was significantly superior to MDCT in detecting 
metastases ≤1  cm (detection rate of 93% com-
pared to 42% by MDCT) (Berger-Kulemann 
et  al. 2012). The addition of fat suppression to 

T2-weighted images and the use of diffusion- 
weighted images are very important since small 
lesions can easily be missed due to the relatively 
increased signal intensity of the liver parenchyma 
(Fig. 24).

 Indeterminate liver lesions on CT

For the differentiation of indeterminate liver 
lesions on CT, the use of different MR contrast 
agents should depend on the primary clinical 
question: when distinguishing between small 
hemangiomas versus metastases, the use of a 
nonspecific (extracellular) MR contrast agent is 
recommended. When the differential diagnosis is 
primarily either a solid benign lesion or metasta-
sis, liver-specific contrast agents should be used, 
due to the ability to diagnose FNH with high con-
fidence (Neri et al. 2016).

Lesions too small to characterize (TSTC)

Small hepatic lesions (≤15 mm) can be found in 
a large number of patients undergoing abdominal 
CT (17%), more than 80% of them with an under-
lying malignant disease (Jones et al. 1992). But, 
even in these patients, these lesions are highly 
likely to be benign. In 93–97% of women with 
breast cancer, TSTC hepatic lesions at initial CT 
presented as benign findings (Khalil et al. 2005). 
In a study of patients with gastric and colorectal 
cancer, 25.5% had TSTC lesions (Jang et  al.  
2002). Diagnostic clues for a malignant classifi-
cation were the synchronous finding of larger 
metastases, indistinct margins, and higher intral-
esional attenuation. In addition, the percentage of 
malignancy largely depends on the known pri-
mary tumor, with the highest probabilities in 
patients with breast cancer (Schwartz et al. 1999). 
This is in accordance with the fact that primary 
tumors, such as colorectal cancer and lymphoma, 
have a tendency to cause solitary or a few larger 
hepatic metastases. Thus, in patients with a 
known malignancy, a single TSTC lesion can be 
assumed to be benign. In multiple TSTCs, the 
risk of malignancy is low, especially if lesions are 
sharply defined and hypodense.
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6  Preoperative Assessment

A surgical approach is the leading treatment for a 
curative attempt in patients with hepatic metasta-
ses. The criteria for anatomic operability are 
continuously evolving, since modern multidisci-
plinary decisions are predominantly based on the 
fact that the tumors can be resected completely 
(R0) while maintaining enough functioning 
residual liver volume (Mattar et  al. 2016). The 
selection criteria for chemotherapy and surgery 
are continuously expanding and the combination 
of chemotherapy and biological agents has been 
increasingly used for conversion from an unre-
sectable to a resectable situation (Fiorentini et al. 
2017). In addition to patient factors, such as med-

ical comorbidity, tumor factors, including biol-
ogy of the tumor, as well as anatomic factors, are 
crucial for operability. However, no international 
guidelines have been published about preopera-
tive imaging, although meta-analyses and reviews 
have been found (Mainenti et  al. 2015, Matos 
et al. 2015, van Kessel et al. 2012). Several scores 
have tried to develop predictive factors for opti-
mal patient selection for surgery. Thus, no single 
scoring system has shown excellent predictive 
results, and should, therefore, not replace indi-
vidual patient selection. Optimal management 
should be tailored to each patient and decided by 
a multidisciplinary team that consists of different 
disciplines, such as oncology, surgery, radiology, 
and radiotherapy.

a b

c d

Fig. 24 Liver metastases in hepatic steatosis. 
T1-weighted in-phase (a) and opposed phase (b) GRE 
images demonstrate a significant signal intensity loss of 
liver background in the opposed phase due to marked fat 
content of the liver parenchyma. (c) Gadoxetic acid- 
enhanced T1-weighted GRE imaging in the hepatobiliary 

phase shows a small metastasis (arrow). (d) Contrast- 
enhanced MDCT in the portal venous phase performed on 
the same day for pulmonary staging does not show the 
liver metastasis due to the marked hypoattenuation of the 
liver parenchyma
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Radiological preoperative assessment in can-
didates for surgery includes an exact definition of 
number, size (in mm) of the largest metastases, 
and the location of hepatic metastases. In addi-
tion, specification about the location of metasta-
ses in relation to the main portal veins and hepatic 
veins should be included to facilitate decisions 
about the technical resectability and the type of 
operation method. Although nomenclatures con-
cerning hepatic territories remain heterogeneous 
and the portal venous branching pattern includes 
more branches than generally assumed, the well- 
established Couinaud system is commonly used 
as the most surgically relevant anatomic classifi-
cation system (Fasel and Schenk 2013). 
Unaffected segments should be mentioned in the 
report, which is important information for surgi-
cal planning.

The viability of the remaining liver after indi-
vidual resection depends on adequate inflow 
(hepatic arteries and portal vein) and hepatic out-
flow (hepatic veins and bile ducts), assessable by 
CT and MRI. Any observed anatomical variants 
should be noted in the report since detailed 
knowledge of liver angioarchitecture is crucial to 
ensure successful and safe hepatic surgery. 
Radiological signs of portal hypertension, such 
as splenomegaly or abdominal varices, should be 
reported due to the increased risk of perioperative 
coagulopathy and hemorrhage in patients with 
portal hypertension. The functional capacity of 
the remaining liver, as well as the surgical out-
come, are directly related to its volume. In nor-
mal liver parenchyma, the future liver remnant 
should be at least 20–25% to avoid liver failure, 
which is the most common cause of perioperative 
mortality. However, in diseased liver paren-
chyma, the liver remnant percentage should be at 
least 40% (Pawlik et al. 2004). Three-dimensional 
CT volumetry can be used to estimate the remain-
ing liver parenchyma after the proposed resec-
tion. Quality of liver parenchyma (e.g., cirrhosis, 
steatosis, etc.) is another relevant factor for post-
operative morbidity. To assess chronic liver dis-
ease, MR imaging with diffusion-weighted 
imaging, the use of hepatobiliary contrast, MR 
perfusion, and MR elastography is a promising 
method for the noninvasive grading of fibrosis 
and chronic damage to the liver parenchyma of 

the individual patient. Moreover, variants of vas-
cular structures, such as hepatic arteries, the por-
tal venous system, and the biliary tree, have to be 
described to prevent unexpected surgical compli-
cations (Catalano et al. 2008).

7  Post-Therapeutic 
Assessment and Prognostic 
Factors

The detection of the therapeutic effects of sys-
temic and local therapies at an early stage is rel-
evant to stop inappropriate therapeutic regimens, 
to avoid unnecessary side effects, and to initiate 
alternative treatment methods. Radiological mea-
surements are important to objectively prove the 
early effectiveness of anticancer therapy. In addi-
tion to the comparison of existing lesions regard-
ing size, a visible residual tumor within or 
immediately adjacent to the ablation zone within 
a time interval of 6 months after ablation is sug-
gestive of local tumor progression.

The Response Evaluation Criteria in Solid 
Tumors (RECIST) provide simplified standard-
ized criteria depending on mono-dimensional 
change in tumor size, i.e., the sum of the longest 
tumor diameters (Eisenhauer et  al. 2009). But, 
although a change in size is a key indicator of 
treatment response, a lack of association between 
outcome and radiological response based on the 
RECIST criteria has been observed, which has 
led to a search for alternative parameters. 
Especially in patients treated with a regimen that 
includes biological agents, such as antiangio-
genic monoclonal antibodies, the comparison of 
size is a poor predictor for prognosis, compared 
to other parameters. Morphological, but non- 
size- based criteria, have been developed at the 
MD Anderson Cancer Center (Chun et al. 2009) 
to predict response and survival after chemother-
apy. Since tumor response in CRLM is based on 
fibrous replacement and not tumor necrosis 
(Rubbia-Brandt et  al. 2007), these authors 
showed a better correlation to clinical outcome 
when using morphological changes based on 
tumor attenuation and normal liver–tumor inter-
face analysis. They achieved this by differentiat-
ing lesions into three groups, one with 
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homogenous attenuation and thin, well-defined 
edges, one with heterogeneous attenuation with 
thick, poorly defined edges, and a third group 
with not-assignable lesions. Optimal therapeutic 
response included a change from heterogeneous, 
poorly defined to homogeneous, well-defined 
lesions (Chun et al. 2009).

Two other methods of categorizing the mor-
phological changes of liver metastases are early 
tumor shrinkage, defined as a ≥20% decrease in 
size from baseline to first restaging, and depth of 
response, defined as the percentage of shrinkage 
observed at the nadir size compared with baseline 
(Mazard et  al. 2018). This was supported by a 
recent study that showed a significant correlation 
between increased attenuation of colorectal liver 
metastases in baseline portal–venous phase CT 
when defining a threshold of ≥61.62 HU, early 
tumor shrinkage, and increased depth of response, 
with prolonged overall survival (Froelich et  al. 
2018).

Therefore, alternative morphological criteria 
for changes in size of hepatic metastases should 
be considered as an early marker of treatment 
efficacy in addition to the preexisting RECIST 
criteria.

In addition to changes in tumor size and mor-
phologic changes unrelated to size, additional 
functional parameters are useful for the assess-
ment of early therapeutic effectiveness. 
Angiogenesis with intralesional blood flow and 
mean vessel density, in particular, has been 
shown to correlate with tumoral invasive poten-
tial (Meyers and Watson 2003). Kannan et  al. 
demonstrated that MRI biomarkers of vascular 
function, such as the volume transfer constant or 
the initial area-under-the-curve of contrast uptake 
up to the first 90 s after injection, reflect vessel 
morphology depending on vascularity and anti-
angiogenic therapy (Kannan et  al. 2018). 
Treatment-related changes in tumor perfusion 
can also be assessed by CEUS, and arterial perfu-
sion of liver metastases is better reflected by low- 
mechanical index CEUS than by CECT (Krix 
2005). In addition, changes in liver hemodynam-
ics, with an increase of arterial blood flow and a 
decrease of portal venous flow, may indicate 
occult liver metastases or predict the develop-
ment of metastases, as first described by Breedis 

(Breedis and Young 1954). Attempts have been 
made to show this change in perfusion index by 
ultrasound (Kopljar et  al. 2014) and DCE-MRI 
(De Bruyne et al. 2012).

With regard to the value of hybrid imaging for 
the follow-up of liver metastases, a meta-analysis 
comparing 18F-FDG PET/CT and CT for the 
detection of disease progression after ablation 
therapy showed a higher sensitivity of PET/CT 
compared to CT and a specificity and diagnostic 
accuracy comparable to MR (Samim et al. 2017). 
Initial results have shown a significant relation-
ship between the degree of FDG uptake on 
PET-MR images and recurrence-free survival.

8  Pitfalls in Imaging of Liver 
Metastases

• Most hepatic arterial hyperenhancing lesions 
are hepatocellular carcinomas or benign lesions, 
such as focal nodular hyperplasia, adenoma, or 
nodular regenerative hyperplasia. Other differ-
ential diagnoses for hypervascular metastases 
include hepatic arterioportal shunts due to com-
munication between the small hepatic artery 
and the portal vein branches. Clues to a correct 
diagnosis include the peripheral localization 
and wedge-shaped configuration, the normal 
vascularization on portal venous- or delayed-
phase imaging, and no abnormal signal inten-
sity on nonenhanced imaging. In atypical cases, 
gadoxetic acid–enhanced MRI may help in the 
differential diagnosis, because arterioportal 
shunts will show a normal uptake of liver-spe-
cific contrast in the hepatobiliary phase 
(Motosugi et al. 2010).

• Discrimination between intrahepatic and 
extrahepatic lesions: Especially in patients 
with gynecologic malignancies, peritoneal 
carcinomatous seeding as soft-attenuating 
plaques or masses may mimic hepatic disease. 
Ascites, peritoneal implants in other locations, 
a distinctly distinguishable lesion-liver inter-
face, and a small fatty layer can help in the 
exact local assignment of lesions.

• Pseudolesions around the falciform ligament: 
These small hypodense or hypointense lesions 
are typically found in segment IV in up to 
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20% of patients (Genchellac et  al. 2007) 
(Fig.  25). Although their development has 
been attributed to the local accumulation of 
fat, pseudolesions probably evolve due to 
anomalous venous drainage, such as an infe-
rior vein of Sappey (Genchellac et al. 2007). 
The distinction of a peritoneal metastatic 
lesion within the falciform ligament may be a 
diagnostic challenge (Fig. 26).

• Pseudolesions in the posterior part of segment 
IV may be due to focal fatty sparing or focal 

deposits of fat. Recent studies suggest the 
“insulin theory” as a cause for these pseudole-
sions. Reportedly, aberrant gastric veins with 
low insulin concentration may drain directly 
into segment IV, which results in focal fatty 
sparing; however, aberrant duodenopancreatic 
collaterals with high insulin concentrations 
result in focal fatty steatosis (Vilgrain et  al. 
2016b), possibly mimicking malignant hepatic 
lesions. Further workup with MRI, including 
in-phase and opposed-phase imaging can 

a b

c

Fig. 25 Pseudolesion around the falciform ligament. (a) 
CT imaging in the portal venous phase shows a small liver 
lesion (arrow) in segment 4 of the liver in this patient with 
a gynecological cancer. (b) T1-weighted in-phase imag-

ing typically shows no correlate to the CT finding, but (c) 
opposed-phase imaging confirms geographic fatty change 
of the liver with significant signal drop (arrow) in the typi-
cal location along the falciform ligament
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detect steatosis with the chemical shift 
technique.

• Pseudocirrhosis (also called “hepar lobatum”) 
is a finding in patients with liver metastases 
and is characterized by segmental atrophy 
with enlargement of the caudate lobe and 
 nodular liver surface. Although the exact 

mechanisms are not known yet, tumor shrink-
age with desmoplastic fibrosis around the 
metastases or nodular regenerative hyperpla-
sia is presumed (Battisti et al. 2014). This type 
of tumor response is most often found in 
patients with breast cancer (Fig.  27). 
Knowledge of prior chemotherapy and regular 

a b

Fig. 26 Differentiation of peritoneal and hepatic metas-
tases. (a) Ovarian cancer patient with peritoneal carcino-
matosis (short arrows) and a soft-attenuating plaque-like 
lesion in the fissure, causing indentation of liver paren-
chyma, indicative of capsular implant (arrow). Clues to 
the diagnosis are preservation of the liver–lesion border, 

presence of other peritoneal implants and ascites. (b) A 
different patient with a hypointense round lesion in the 
hepatobiliary phase after gadoxetic-enhanced MR imag-
ing (arrow) in a patient with adenocarcinoma of the GI 
tract, suggestive of intraparenchymal metastatic disease

a b

Fig. 27 Pseudocirrhosis. (a) Initial staging CT in a 
patient with breast cancer shows large indistinct metasta-
ses in the right lobe (arrow). (b) After 6 months of chemo-
therapy, the lesions have virtually disappeared, but there 

are fibrotic strands with liver deformation and capsular 
retraction, mimicking cirrhosis. Pseudocirrhosis is quite 
common after chemotherapy of breast cancer metastases
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liver imaging prior to therapy are the clues to 
 correct interpretation and possibility to mod-
ify or interrupt therapy.

• Multiple pseudotumors that mimic metastastic 
disease: Rarely, pseudotumoral nodular ste-
atosis is described as multiple lesions in both 
lobes, which are hypodense during all CT 
phases and show enhancement parallel to the 
regular liver parenchyma. A pathognomonic 
finding is a signal drop on opposed-phase 
imaging and a fatty rim at the lesion periphery 
(Vilgrain et al. 2013). Another rare differential 
diagnosis includes granulomatous liver lesions 
in tuberculosis, sarcoidosis, and brucellosis, 
with a military, nodular, or multinodular 
appearance (Vilgrain et al. 2016b).

9  Conclusion

The absence of well-defined, generally applicable 
imaging protocols for liver metastases is partly 
due to the rapidly evolving technological and 
pharmacological developments that continuously 
improve radiological imaging. Contrast- enhanced 
CT is the preferred imaging modality for initial 
staging and follow-up. MRI provides additional 
information in indeterminate lesions, in the detec-
tion of small lesions, in the presence of hepatic 
steatosis, or for liver evaluation post chemother-
apy. In candidates for surgery, multiparametric 
MRI adds important morphologic and functional 
information for optimal patient selection. Hybrid 
imaging (18F-PET-MRI) may represent a future 
tool for the assessment of liver metastases and 
extrahepatic disease as well. A multidisciplinary 
approach with close collaboration between medi-
cal and radiation oncologists, hepatobiliary sur-
geons, radiologists, pathologists, and nursing 
staff is mandatory to select optimal surgical can-
didates and plan individual oncological treatment 
for patients with liver metastases.
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Abstract
The diagnosis of hepatocellular carcinoma 
(HCC) can be reached noninvasively on 
imaging in patients at high risk as discussed 
in chapter “Hepatocellular carcinoma: 
Diagnostic Guidelines.” In this chapter, we 
describe the CT and MR imaging criteria 
more commonly used in the guidelines for 
the diagnosis and management of patients 
with HCC, including arterial phase hyperen-
hancement, washout, capsule, growth, and 

hypointensity on hepatobiliary phase MR 
imaging. The provided definitions are based 
on the latest version (v2018) of the liver 
imaging reporting and data system 
(LI-RADS) document (American College of 
Radiology 2018, https://www.acr.org/
Clinical-Resources/Reporting-and-Data-
Systems/LI-RADS).

1  Arterial Phase 
Hyperenhancement

Arterial phase hyperenhancement (APHE) is 
defined as enhancement of the lesion on the 
hepatic arterial phase images significantly 
higher than the surrounding liver parenchyma 
(American College of Radiology 2018) (Fig. 1). 
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The sign reflects the neoangiogenesis occur-
ring during the hepatocarcinogenetic process 
(Tang et al. 2018). While dysplastic nodule and 
early HCC may appear hypoenhancing because 
of an initial reduction in arterial flow due to the 
overall decrease in the number of portal triads, 
the presence of new unpaired (non-triadal) 
arteries is typically seen in progressed HCC 
and it is eventually responsible for APHE (Park 
et al. 1998). The sign is a key component of all 
available imaging guidelines and has a high 
sensitivity for the detection of progressed HCC 
(Tang et  al. 2018). The per nodule sensitivity 
for multiphasic contrast-enhanced CT ranges 
65–87% (Oliver et al. 1996; Laghi et al. 2003; 
Pitton et al. 2009; Sangiovanni et al. 2010) and 
for gadolinium- enhanced MRI 66–98% (Pitton 
et al. 2009; Sangiovanni et al. 2010; Kim et al. 
2011; An et al. 2013; Cerny et al. 2018a). The 
sensitivity is not 100% because some small and 
well- differentiated tumors may present as 
hypovascular lesions. In the study by Takayasu 

et  al. including 4474 patients with a solitary 
HCC < 3 cm, 18% of the tumors were hypovas-
cular (Takayasu et al. 2013). In this study, most 
hypovascular HCC developed arterial phase 
hyperenhancement when they grew over 
1.5 cm. Poorly differentiated tumors may also 
appear hypovascular because of the progressive 
decrease in blood flow in these lesions. 
Moreover, in diffuse HCC, because of the pres-
ence of multiple small tumor nodules spread 
through a large portion of the hepatic paren-
chyma, the resulting imaging appearance is an 
infiltrating lesion which is usually less con-
spicuous on the arterial phase images com-
pared to a tumor presenting as a well- defined 
nodule (Reynolds et al. 2015). In diffuse HCC, 
tumor conspicuity may be higher on 
T2-weighted and diffusion-weighted MR 
images (Reynolds et al. 2015) compared to the 
dynamic study (Fig. 2).

The specificity of APHE is limited (62–97%) 
(Sangiovanni et  al. 2010; Kim et  al. 2011; An 

a b

Fig. 1 53-year-old male with history of chronic hepatitis 
C and cirrhosis. MR imaging obtained after injection of 
Gd-BOPTA shows a 5.4  cm mass with arterial phase 
hyperenhancement (APHE) (arrow, a) and washout on 
portal venous phase (b) consistent with hepatocellular 

carcinoma (HCC). The combination of APHE and wash-
out is considered the typical presentation of HCC and it is 
included in all imaging guidelines for the diagnosis and 
management of HCC
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et  al. 2013) because multiple other lesions in 
cirrhosis can show APHE including hemangi-
oma, small intrahepatic cholangiocarcinoma 
(ICC), vascular shunt, and dysplastic nodule 
(Galia et al. 2014).

A small percentage of HCCs, 5% in Choi et al. 
(2017), can present enhancement more pronounced 
at the periphery of the lesion. In the LI-RADS sys-
tem (American College of Radiology 2018), the 
presence of rim-APHE is enough to classify a 
lesion in the LR-M group. The LR-M category 

includes observations probably or definitely malig-
nant but with imaging features not specific for 
HCC.  The rim-APHE appearance is more com-
mon in other primary hepatic malignancies, such 
as ICC and combined hepatocellular-cholangio-
carcinoma (cHCC- CCA) (Fig.  3). When rim-
APHE is present, the diagnosis of HCC may be 
suggested by the detection of other features such as 
intralesional fat favoring a hepatocellular origin 
(American College of Radiology 2018; Choi et al. 
2017) (Fig. 4).

a b

c d

Fig. 2 55-year-old man with cirrhosis and elevated 
alpha-fetoprotein (247  ng/mL). Gd-BOPTA-enhanced 
MRI shows an ill-defined mass in the right hepatic lobe 
only minimally hyperenhancing on the arterial phase 
(asterisk, a) and with minimal washout on the portal 
venous phase (b). The mass appears more conspicuous on 

the T2-weighted (c) and diffusion-weighted (d) images 
where it is mildly hyperintense with an infiltrative appear-
ance. The imaging appearance is compatible with a 
diffuse- type hepatocellular carcinoma (HCC), also 
referred to as infiltrative HCC. Note also the presence of 
tumor in vein in the right lobe (arrowhead, a–d)
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2  Washout

Washout (or washout appearance) is defined as 
temporal reduction in enhancement from an 
earlier arterial to a later phase resulting into 
lesion hypoenhancement to the surrounding 
liver parenchyma on the images acquired dur-
ing the portal venous and/or delayed phase 
(American College of Radiology 2018) (Fig. 5). 

The exact nature of this sign is not yet com-
pletely understood. It is likely the result of a 
combination of tumor de- enhancement from 
venous drainage and progressive enhancement 
of the surrounding liver parenchyma from 
retention of contrast in fibrosis and interstitial 
space (Choi et al. 2014). The per- nodule speci-
ficity ranges 62–100% (Sangiovanni et al. 2010; 
Kim et al. 2011; Cerny et al. 2018a) while the 

a b

c

Fig. 3 Combined hepatocellular-cholangiocarcinoma 
(cHCC-CCA) presenting as a LR-M observation. A par-
tially exophytic mass arising from segment 5 of a cirrhotic 
liver (arrow, a) shows rim hyperenhancement on arterial 

phase (a) and progressive centripetal enhancement on 
portal venous (b) and delayed (c) phase. The mass was 
classified as LR-M and proven a cHCC-CCA at 
ultrasound- guided percutaneous biopsy
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per-nodule sensitivity ranges 53–79% 
(Sangiovanni et al. 2010; Kim et al. 2011; Cerny 
et  al. 2018a). Up to one-third of HCCs, 
prevalently small and well-differentiated tumors 
do not show washout (Kim et  al. 2011; Lee 
et al. 2012; Yoon et al. 2009; Luca et al. 2010). 
On contrast-enhanced CT, washout may be 
more conspicuous on the images acquired dur-
ing the delayed phase rather than portal venous 
phase (Furlan et  al. 2011) (Fig.  5). On 
gadolinium- enhanced MRI, washout is to be 
evaluated during the extracellular phases, i.e., 
the portal venous and delayed (3–5  min post-
contrast  administration) phase, when using a 
purely or prevalently extracellular contrast 
agent (e.g., Gd-BOPTA), and only during the 

portal venous phase when using the hepatobili-
ary contrast agent Gd-EOB- DTPA (American 
College of Radiology 2018). The uptake of 
Gd-EOB-DTPA into the hepatocytes may occur 
as soon as 90 seconds post- contrast administra-
tion (Vogl et al. 1996). Therefore, the hypoin-
tensity of the lesion on the images acquired 
between the portal venous and the hepatobiliary 
phase (i.e., transitional phase) may be due to the 
relatively increased signal intensity of the sur-
rounding parenchyma and not to washout. It has 
been shown that considering lesion hypointen-
sity on transitional phase as washout while 
increasing sensitivity (from 70.9 to 86.6%) 
reduces the specificity (from 97.7 to 86.3%) for 
the diagnosis of HCC (Joo et al. 2015).

a b

c

Fig. 4 Atypical presentation of hepatocellular carcinoma 
(HCC). Gd-BOPTA-enhanced MR image obtained during 
the arterial phase shows a rim-enhancing lesion (arrow, a) 
in the left lobe of a cirrhotic liver. Compared to the 
T1-weighted gradient-recalled echo image obained in-

phase (b), signal drop of the lesion on image obtained 
opposed-phase (arrow, c) is compatible with intralesional 
fat, thus indicating a hepatocellular origin. HCC was con-
firmed at laparoscopic biopsy
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Washout is included in all available guidelines 
for the noninvasive diagnosis of HCC along with 
APHE. The combination of APHE and washout 
in a cirrhotic liver is considered the typical 
enhancement pattern of HCC (Figs. 1, 5, 6, 7, 8). 
This combination of imaging findings has a sen-
sitivity of 43–98% and a specificity of 81–100% 
for the diagnosis of HCC (Sangiovanni et  al. 
2010; Luca et  al. 2010; Marrero et  al. 2005; 
Forner et al. 2008; Sersté et al. 2012; Jang et al. 
2013; Rimola et al. 2012).

3  Capsule

Capsule is defined as a smooth rim of enhance-
ment detected on the contrast-enhanced CT and 
MR images acquired during the portal venous 
and/or delayed phase images (American 
College of Radiology 2018) (Fig. 6). In the 
hepatocarcinogenesis process, capsule forma-
tion is related to the expansive growth of a pro-
gressed HCC.  At histology, this feature may 
correspond to a true, histologic fibrous capsule 

a b

c

Fig. 5 69-year-old male with history of NASH cirrhosis. 
Contrast-enhanced CT shows a 4.4 cm lesion with arterial 
phase hyperenhancement (a) and washout on portal 

venous (arrow, b) and delayed (arrow, c) phase, typical of 
hepatocellular carcinoma
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or a pseudocapsule made of a combination of 
compressed parenchyma, prominent sinusoid, 
and peritumoral fibrosis (Ishigami et al. 2009). 
Imaging cannot distinguish a true capsule from 
a pseudocapsule (perilesional, compressed 
parenchyma). While the sensitivity is low (33–
34%) especially for lesion <2 cm (Cerny et al. 
2018a; Khan et al. 2010), the specificity is very 
high 86–99% (Cerny et al. 2018a; Rimola et al. 
2012; Khan et al. 2010) making it a very helpful 
sign to distinguish HCC from other hepatic 

malignancies such as ICC (Tang et  al. 2018; 
Choi et al. 2017).

Capsule needs to be differentiated from other 
perilesional enhancements such as rim-APHE 
and corona enhancement. Corona enhancement 
is defined as an ill-defined perilesional area of 
hyperenhancement visualized on the arterial 
phase images and fading on portal venous and 
delayed phase images (Cerny et  al. 2018b). 
Although infrequently detected, corona enhance-
ment is a feature indicative of progressed HCC 

a b

c

Fig. 6 72-year-old female with NASH cirrhosis. 
Gd-BOPTA-enhanced MR imaging shows a 2.2 cm arte-
rial phase hyperenhancing lesion (a), with washout and 

capsule visible on both portal venous (arrow, b) and 
delayed (arrow, c) phase, consistent with hepatocellular 
carcinoma
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reflecting the contrast drainage from the tumor to 
the peritumoral sinusoids (Choi et  al. 2014). 
While rim-APHE and corona enhancement are 
appreciated on the arterial phase images, capsule 
appears on the images acquired during the portal 
venous and delayed phases.

4  Growth

HCC has a large range of tumor volume doubling 
time (TVDT) from a few days to years with an 
estimated median of 178 days (Tang et al. 2018). 
In cirrhosis, the growth of a nodule is not highly 
specific for HCC, since other malignancies can 
grow. The growth rate is associated with the 
degree of tumor differentiation being slower in 
well-differentiated tumors and faster in poorly 
differentiated tumors. Based on the available evi-
dences, the LI-RADS v2018 set the threshold 
growth as an increase in diameter of a mass by at 
least 50% in less than 6  months (minimum of 
5 mm change) (American College of Radiology 
2018) (Fig. 7). In Cerny et al. (2018a), the pres-
ence of threshold tumor growth had a sensitivity 
of 41.6% and a specificity of 83.2% for the diag-
nosis of HCC.

5  Hypointensity on HBP

The uptake of Gd-EOB-DTPA (gadoxetate diso-
dium) into the hepatocytes is regulated by the 
membranous transporter organic anion transport-
ing polypeptide 1B1/3 (OATP1B1/3). The 
expression of this transporter progressively 
decreases during hepatocarcinogenesis. 
Progressed HCC typically lacks the ability of 
incorporating Gd-EOB-DTPA, thus generally 
appearing hypointense on the images acquired 
during the HBP (20  min post Gd-EOB-DTPA 
contrast administration) (Choi et  al. 2014) 
(Fig. 8). The use of Gd-EOB-DTPA increases the 
sensitivity for the detection of HCC (85–87%) 
compared to the use of extracellular contrast 
agents (61–77%) (Hanna et  al. 2016; Roberts 
et  al. 2018). However, lesion hypointensity on 
HBP is not a specific feature of HCC (Joo et al. 
2015). False-positive lesions in cirrhosis, i.e., 
lesions that are hypointense on HBP but are not 
HCC, include hemangioma, confluent fibrosis, 
dysplastic nodule, ICC (Fig. 9), and cHCC-CCA 
(Choi et  al. 2014). Finally, 5–12% of HCCs 
appear iso- or hyperintense on HBP images given 
the preserved expression of the OATP transporter 
(Fig. 10) (Kitao et al. 2010).

a b

Fig. 7 62-year-old male with chronic hepatitis C and cir-
rhosis. Gd-BOPTA-enhanced MR imaging demonstrates 
a 1.2 cm arterial phase hyperenhancing lesion (arrow, a) 

measuring 2.2 cm at 6 months imaging follow-up (arrow, 
b) compatible with threshold growth (i.e., >50% within 
6 months) according to the LI-RADS guidelines
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6  Summary

APHE, washout, capsule, and growth are CT and 
MR imaging features commonly used in imaging 
guidelines for the noninvasive diagnosis of 
HCC.  The combination of APHE and washout 

has high specificity although limited sensitivity. 
The use of Gd-EOB-DTPA and the evaluation of 
lesion hypointensity on the HBP images while 
increasing sensitivity may decrease specificity 
for the diagnosis of HCC.

a b

c

Fig. 8 53-year-old male with chronic hepatitis C and cir-
rhosis. Gd-EOB-DTPA-enhanced MR imaging shows a 
3.0 cm lesion with arterial phase hyperenhancement (a), 
washout on portal venous phase (b), and hypointensity on 

the hepatobiliary phase (arrow, c) obtained 20 min after 
contrast administration. The imaging appearance is typi-
cal for a progressed hepatocellular carcinoma
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a b

c

Fig. 9 70-year-old male with alcohol-induced cirrhosis. 
Gd-EOB-DTPA MR imaging shows a 4.8 cm mass with 
rim arterial phase hyperenhancement (arrow, a), centripe-
tal enhancement on portal venous phase (arrow, b), and 

hypointensity on hepatobiliary phase (arrow, c). The 
lesion was classified as LR-M and biopsy-proven intrahe-
patic cholangiocarcinoma
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a b

c d

e

Fig. 10 65-year-old man with hepatocellular carcinoma 
(HCC). MR imaging obtained before (a) and after (b–e) 
the intravenous administration of Gd-EOB-DTPA.  A 
large, complex mass in segment 7 shows hyperintensity 
on arterial phase (arrow, b) and lack of definitive washout 
on portal venous phase (c). While the lesion appears 
mainly iso- to hypointense on the transitional phase (d), a 

central component appears hyperintense on the hepatobi-
liary phase (arrow, e). Of note, the mass is mainly hypoin-
tense on the pre-contrast image (a). These images show 
also a small HCC presenting with arterial phase hyperen-
hancement (arrowhead, b) and hypointensity on hepatobi-
liary phase (arrowhead, e) (Case courtesy of Dr. Antonino 
Vallone, Ospedale Garibaldi Nesima, Catania, Italia)
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Abstract
Imaging is used to screen, detect, character-
ized, grade, stage and follow-up hepatocellu-
lar carcinoma lesions and to evaluate the 
severity of the underlying liver disease. In this 
chapter, we will summarize the different 
worldwide diagnostic guidelines assisting 

L. Martí-Bonmatí (*) · A. Torregrosa 
Department of Radiology and Biomedical Imaging 
Research Group (GIBI230), Hospital Universitario y 
Politécnico La Fe and Instituto de Investigación 
Sanitaria La Fe, Valencia, Spain
e-mail: marti_lui@gva.es

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-39021-1_9&domain=pdf
https://doi.org/10.1007/978-3-030-39021-1_9#DOI
mailto:marti_lui@gva.es


192

decisions to be taken in the process of hepato-
carcinogenesis with a deep insight into simi-
larities and differences. The differences in 
modalities, protocols, dynamic and intracellu-
lar contrast-enhanced approaches, main and 
secondary criteria, vocabulary, ontology, ter-
minology and pitfalls will be discus and high-
lighted. The structured standardized radiology 
reporting and radiomics quantitative informa-
tion will be also highlighted.

1  Introduction

Radiology plays a crucial central role in the eval-
uation of malignant liver lesions in patients with 
chronic liver diseases. Different imaging modali-
ties are used in the surveillance of patients at risk, 
aiming to detect, establish the diagnosis of, and 
stage hepatocellular carcinoma (HCC) lesions. 
Imaging also informs on the prognosis and guides 
treatment decisions, including transplantation, 
being able to assess treatment response. Imaging 
is also employed to evaluate the severity of the 
underlying liver disease.

The clinical pathways to properly perform all 
these important items are summarized under dif-
ferent diagnostic guidelines, considered as 
evidence- based statements assisting decisions to 
be taken in the process of hepatocarcinogenesis. 
There are many guidelines trying to facilitate and 
unify HCC management in imaging studies. 
Since 2001, these diagnostic systems have been 
proposed by different worldwide-based scientific 
organizations and societies, the published guide-
lines having clear similarities but also important 
dissimilarities (Tang et al. 2018; Yoon et al. 2016; 
Song et al. 2017; Cruite et al. 2013).

In this chapter, we will try to summarize these 
aspects related to tumor screening and imaging 
diagnostic criteria by the comparison of the main 
and most recently updated published guidelines, 
considering also a balanced geographical distri-
bution. They are those currently endorsed by the 
Liver Cancer Study Group of Japan (LCSGJ 
2014) (Kudo et  al. 2014), Korean Liver Cancer 
Study Group-National Cancer Center (KLCSG- 
NCC, 2014) (Lee et  al. 2014; Korean Liver 
Cancer Study Group and National Cancer Center 

Korea 2015), European Society of Gastrointestinal 
and Abdominal Radiology (ESGAR 2016) (Neri 
et  al. 2016), Asian Pacific Association for the 
Study of the Liver (APASL 2017) (Omata et al. 
2017), National Health and Family Planning 
Commission of the People’s Republic of China 
(NHFPC-PRCh 2018) (Zhou et  al. 2018), 
American Association for the Study of Liver 
Diseases (AASLD and LI-RADS, 2018) (Marrero 
et  al. 2018), and European Association for the 
Study of the Liver (EASL 2018) (Galle et  al. 
2018). The differences in ontology and terminol-
ogy will be also highlighted.

2  Diagnostic Guidelines

Clinical diagnostic guidelines are considered sys-
tematically developed statements that are peri-
odically updated and published to assist 
practitioner and patients to take decisions about 
appropriate healthcare for specific clinical cir-
cumstances. These recommendations are specifi-
cally devoted to efficaciously support clinical 
practice and improve quality of care through a 
standardized and evidence-based process. 
Guidelines should not be considered as rigid pro-
tocols but a basis on which clinicians can clearly 
consider the available options within the best 
level of confirmation and recommendation.

Clinicians dealing with HCC diagnosis need 
diagnostic guidelines to decrease unnecessary 
biopsies, decrease the false-positive and false- 
negative imaging reports, and facilitate access of 
patients to the best therapeutic options as soon as 
feasible. Since the expert consensus achieved in 
the 2000 Barcelona EASL Conference (Bruix 
et al. 2001), different guidelines have been pub-
lished by scientific organizations and societies 
worldwide, assigning similar but also slightly 
different HCC imaging criteria as well as surveil-
lance, follow-up, and treatment policies. The 
goal of diagnostic guidelines is not only to posi-
tively screen and precisely diagnose these 
patients but also to differentiate HCC from other 
lesions that can also occur in screened patient, 
such as benign biliary cysts, hemangiomas, FNH 
(focal nodular hyperplasia)-like lesions, sinusoid 
congestion, portal vein abnormalities and 
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thrombosis with parenchyma pseudo-lesions, 
arterio- portal shunts, parasitic third flow, peliosis 
and telangiectasia, fibrotic changes and collapse, 
focal steatonecrosis, intrahepatic cholangiocarci-
noma (ICC), and metastases.

Appropriate patient diagnosis and staging is 
currently based on the known carcinogenesis pro-
cess and natural history of HCC, available diag-
nostic criteria, defined prognostic grades, agreed 
staging categories, and available treatment 
options. All these aspects are evaluated in most 
guidelines. As the etiology of the underlying liver 
disease differs in Europe, the United States, and 
Asia, guidelines might be different regarding the 
different tumor incidence, expression, and phe-
notyping. The influence of geographical distribu-
tion on the guidelines is mainly based on the a 
priori probability of HCC and the availability of 
some diagnostic techniques, such as contrast- 
enhanced ultrasonography (CE-US) with 
Sonazoid® which is only available, nowadays, in 
some Asiatic countries (Kudo et al. 2014; Omata 
et  al. 2017). The real influence of geographical 
distribution on the guidelines has not been fully 
evaluated.

3  Risk Factors

Hepatocellular carcinoma is one of the most 
prevalent malignant tumors around the world, 
with a high overall incidence rate and cancer- 
related deaths. Around 850,000 new cases a year 
of HCC and 800,000 HCC-related deaths a year 
were reported from 2015 to 2018 (Global Burden 
of Disease Liver Cancer Collaboration 2017; 
Bray et al. 2018). Although the etiologic factors 
are multiple and highly based on the geographic 
location, 90% of HCC cases have a recognizable 
cause which converts it into a preventable tumor 
if we are able to avoid the risk factors that pro-
mote its development. This known multifactorial 
etiology also allows the development of screen-
ing programs.

Patients with chronic liver disease and cirrho-
sis are prone to carcinogenesis development in a 
complex and multistep process, involving the 
accumulation of both epigenetic and genetic 
events. The pathway initiates from the persis-

tently diseased liver microenvironment leading to 
the occurrence of hyperplastic and dysplastic 
nodules, ultimately inducting the cancerous pro-
cess. Among the etiologic factors, the most fre-
quently identified are the infection by hepatitis C 
virus (HCV) and hepatitis B virus (HBV), alco-
hol abuse, and other diffuse liver diseases, such 
as metabolic syndrome with non-alcoholic fatty 
liver disease (NAFLD), non-alcoholic steatohep-
atitis (NASH), and iron overload. The role of 
fatty liver as an HCC risk factor is probably 
underestimated, and its increasingly high preva-
lence should be seriously taken into consider-
ation (Omata et  al. 2017; Zhou et  al. 2018; 
Marrero et  al. 2018). Globally, HBV infection 
was the most common cause of incident cases 
and HCC-related deaths, particularly in East 
Asian countries, followed by alcohol and HCV 
infection in recent years (Marrero et  al. 2018; 
Galle et al. 2018; Global Burden of Disease Liver 
Cancer Collaboration 2017). Also to be consid-
ered, different risk factors frequently co-exist in 
the same patient, further increasing the risk of 
HCC development. Regardless of the different 
causes, liver cirrhosis is the main factor in HCC 
development, being chronic viral infection the 
main single risk condition. It must be stated that 
also the frequency of ICC and combined HCC/
CC is increased in patients with cirrhosis (Kudo 
et al. 2014; Marrero et al. 2018; Galle et al. 2018; 
Bruix et al. 2001; Global Burden of Disease Liver 
Cancer Collaboration 2017).

Primary prevention strategies are mandatory 
in all guidelines to reduce HCC incidence. Infant 
vaccination against HBV significantly decreases 
new infection cases, while the new direct antivi-
ral agents for HCV, educational policies to 
reduce alcohol consumption, encouraging 
healthy eating, and fighting the sedentary way of 
life associated with metabolic syndrome are 
extremely important targets in the primary pre-
vention of HCC (Korean Liver Cancer Study 
Group and National Cancer Center Korea 2015; 
Omata et  al. 2017; Marrero et  al. 2018; Galle 
et al. 2018).

Secondary prevention screening strategies, 
such as active surveillance of HCC risk patients, 
have shown their usefulness for the early detec-
tion of focal liver lesions that could be HCC in an 
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early tumor stage, in which case curative or 
survival- increasing therapies are applicable. 
Active surveillance programs with liver ultraso-
nography (US) performed by well-experienced 
professionals every 6 months on patients suffer-
ing from HCC high-risk factors aim to detect 
small and early liver tumors. All the main guide-
lines establish this minimum time of every 
6 months for the follow-up exam in the high-risk 
population (Kudo et  al. 2014; Korean Liver 
Cancer Study Group and National Cancer Center 
Korea 2015; Omata et al. 2017; Zhou et al. 2018; 
Marrero et al. 2018; Galle et al. 2018).

Although most HCCs do not produce symp-
toms per se, they can be diagnosed at an early 
stage in economically developed countries where 
risk factors are present, and the prevalence of 
HCC allows the healthcare system to establish 
target screening programs. These programs are 
implemented in patients with chronic HCV and 
HBV infection and cirrhosis of all causes. 
Currently, active surveillance includes both 
Child-Pugh A and B patients for whom therapies 
that improve overall survival could be applica-
ble. On the contrary, Child-Pugh C and decom-
pensated patients with hepatorenal syndrome or 
clinical jaundice should not be screened as there 
is not effective HCC therapy in these situations. 
Patients waiting for a liver transplant for whom 
HCC detection would modify their waiting list 
allocation should be also screened (Marrero 
et al. 2018; Galle et al. 2018). Although patients 
with severe fibrosis, confirmed by either biopsy 
or elastography, should be included in an HCC 
active surveillance program, evidence is needed 
to consistently include patients with HBV infec-
tion, NAFLD, or diffuse liver diseases without 
advanced fibrosis or cirrhosis (Omata et al. 2017; 
Marrero et al. 2018; Galle et al. 2018). Patients 
with NASH are also considered as high-risk pop-
ulation for screening in China (Zhou et al. 2018). 
This Chinese guideline includes a family history 
of liver cancer, men older than 40  years with 
long-term alcohol abuse, or those who consume 
aflatoxin-contaminated food, and these items are 
generally not considered per se in Western 
guidelines. Imaging guidelines are usually not 
applied to young patients under 18 years of age, 
patients with cirrhosis due to congenital hepatic 

fibrosis, and patients with cirrhosis due to vascu-
lar disorders such as Budd-Chiari (Elsayes et al. 
2018). The Japan Society of Hepatology (JSH) 
guidelines (Kudo et  al. 2014) divided the risk 
population into super-high-risk (HBV- and HCV-
related liver cirrhosis) and high-risk (active 
chronic hepatitis B or C and non-viral etiology 
of liver cirrhosis) population, the first one being 
evaluated every 3–4 months.

In Europe and Western countries, alpha- 
fetoprotein (AFP) is not recommended during 
surveillance because the aim is to detect early 
HCC, which usually does not overproduce AFP, 
and exacerbation of the underlying liver inflam-
mation might increase AFP levels (Marrero et al. 
2018; Galle et  al. 2018). However, AFP can be 
helpful to increase confidence in the positive 
identification of a nodule as HCC when the level 
is high (≥20 ng/mL) (Omata et al. 2017). Even 
more, longitudinal changes in AFP may increase 
sensitivity and specificity (Marrero et al. 2018). 
In this sense, the KLCSG states that HCC nod-
ules <1 cm can be diagnosed if typical features 
are seen in dynamic contrast-enhanced (DCE) 
exams with a continuously rising AFP with hepa-
titis activity under control (Yoon et  al. 2016; 
Korean Liver Cancer Study Group and National 
Cancer Center Korea 2015). As a result, some 
guidelines include AFP in their routine surveil-
lance in combination with liver US to improve 
accuracy (Kudo et  al. 2014; Lee et  al. 2014; 
Korean Liver Cancer Study Group and National 
Cancer Center Korea 2015; Omata et  al. 2017; 
Zhou et  al. 2018; Marrero et  al. 2018). 
Nevertheless, Asia Pacific guidelines propose to 
raise AFP level until 200 ng/mL as cutoff value in 
order to increase specificity (Omata et al. 2017). 
Other liquid biopsy HCC markers under research 
evaluation, but not validated, include AFP-L3 
(Lens culinaris agglutinin fraction of alpha- 
fetoprotein), DCP (des-γ-carboxy prothrombin), 
CTC (circulating tumor cells), NLR (neutrophil- 
to- lymphocyte ratio), OPN (osteopontin), and 
cfDNA (cell-free DNA). These biomarkers are 
only recommended in Japan (Amado et al. 2018). 
Up till now, serum tumor biomarkers are still 
considered suboptimal by most guidelines in 
terms of cost-effectiveness (Omata et  al. 2017; 
Marrero et al. 2018; Galle et al. 2018).
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4  Imaging Modalities 
and Techniques

Imaging plays a crucial role in the diagnostic pro-
cess. Periodic liver US is considered, by all the 
guidelines, as the imaging modality of choice for 
HCC surveillance based on its acceptable accu-
racy, ease of use, availability and moderate cost, 
lack of ionizing radiation, and convenience. US 
also allows to depict subclinical complications 
such as ascites or portal vein thrombosis (Galle 
et  al. 2018). The exam has to be performed by 
trained operators, allowing the depiction of small 
early tumors and their relationship with vessels. 
US elastography can also be performed at the 
same time, giving information on the paren-
chyma stiffness and, therefore, the fibrosis stage 
of the liver parenchyma.

Multiphase contrast-enhanced CT and MR 
imaging have more sensitivity than US exams but 
are more expensive and might have false-positive 
findings. Their use is usually restricted to those 
patients with a positive finding in US or in 
patients with a high risk of developing HCC even 
with a negative or technically suboptimal US 
study (Kudo et  al. 2014; Korean Liver Cancer 
Study Group and National Cancer Center Korea 
2015; Zhou et al. 2018; Marrero et al. 2018; Galle 
et al. 2018). Contrast-enhanced CT capability to 
detect and diagnose small liver tumor is slightly 
inferior to that of MR imaging, mainly due to the 
higher tissue contrast obtained with the different 
MR sequences and weightings. The multipara-
metric approach of MR imaging is obtained with 
the use of different sequences, such as 
T1-weighted (T1W), T2-weighted (T2W), 
diffusion- weighted (DW), and dynamic contrast- 
enhanced (DCE) images. Even more, the MR 
detection rate and differential diagnoses for small 
malignant lesions (≤1 cm) are improved with the 
added acquisition of the hepatobiliary phase after 
hepatocyte-specific contrast agent 
administration.

CT radiation exposure and MR higher cost are 
limitations of these techniques for screening pur-
poses. CT is usually restricted to second-line 
modality when MR is not available or contraindi-
cated. Only the KLCSG states that CT is essen-
tial for diagnosis and follow-up in HCC patients 

(Yoon et  al. 2016; Korean Liver Cancer Study 
Group and National Cancer Center Korea 2015). 
However, CT is usually recommendable for pre- 
surgical patient evaluation (measurements of 
liver and tumor volume) and to rule out the pres-
ence of distant metastasis, mainly lung, adrenal, 
and bone metastases, in order to allocate the more 
appropriate treatment. Although 2  cm nodule 
diameter is well known as a cutoff beyond micro-
vascular invasion and satellite nodules can appear 
(Galle et al. 2018), none of the main guidelines 
focuses on size-based criteria for chest, abdo-
men, and pelvis CT exam recommendation 
because extrahepatic spread would contraindi-
cate surgical or liver transplantation as curative 
therapies. Patients with extrahepatic metastases 
had more advanced intrahepatic tumors at the 
first diagnosis, most metastases occurring from 
T3 or T4 tumors (Natsuizaka et  al. 2005). 
Selective use of bone scan is indicated when skel-
etal symptoms are present at initial diagnosis of 
HCC and for monitoring disease while on the 
transplant waiting list or during or after treatment 
for response assessment. Regional metastatic 
lymph nodes are also associated with a higher 
probability of other metastatic sites. DCE studies 
might differentiate metastatic from benign 
lymphadenopathy when arterial enhancement is 
seen (Natsuizaka et al. 2005).

If a focal liver lesion is detected in liver US 
examination, HCC diagnosis should be con-
firmed with a dynamic imaging technique after a 
bolus contrast media administration to demon-
strate the wash-in and wash-out signs, noninva-
sive criteria adopted by consensus at the EASL 
Conference as an imaging diagnostic hallmark 
due to their high specificity (Bruix et al. 2001). 
This pivotal role of imaging is unique in oncol-
ogy as, even though many other tumors might 
have very specific radiological features, such as 
pancreatic adenocarcinoma, it is considered man-
datory to obtain a histological sample before 
starting any oncologic treatment. However, in 
cirrhotic patients with a focal liver lesion having 
wash-in and wash-out in the multiphase DCE 
study, biopsy is not considered necessary due to 
the high specificity and positive predictive value 
of these noninvasive perfusion diagnostic criteria 
and the high pretest probability of HCC.  All 
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guidelines consider biopsy only in those cases 
without the typical radiological behavior and the 
lesion appearance is not typically benign. Also, 
biopsy is mandatory in cases suspicious of HCC 
in patients with non-cirrhotic or non-chronic liver 
disease. Importantly, a negative biopsy result 
does not exclude the possibility of liver cancer.

HCC tumor allows for a noninvasive diagnosis 
without histologic confirmation with nearly per-
fect specificity and positive predictive value in 
cirrhosis. All guidelines allow a positive HCC 
diagnosis if the lesion shows hyperenhancement 
on the late arterial phase (wash-in) and hypoen-
hancement on the venous or delayed phases 
(wash-out) in the dynamic examination. When a 
lesion is depicted on US, dynamic studies must 
be performed. In this setting, it is generally appre-
ciated that DCE-MRI has a higher overall accu-
racy than DCE-CT and DCE-US. Most guidelines 
accept CT and MR as diagnostic examinations, 
while only some recognize the contribution of 
DCE-US (Omata et al. 2017). Vascularity is man-
datory in HCC depiction as vascular supply 
change in the hepatocarcinogenesis process from 
the normal dual portal and arterial supply to 
lesion hypovascularity and then neoangiogenesis 
where new immature blood arterial vessels are 
formed. On pathological analysis, neoangiogen-
esis with increased arterial supply and dimin-
ished or absent portal flow are clear hallmarks of 
HCC development (Tochio and Kudo 2008).

However, other pathological hallmarks can be 
found in HCC carcinogenesis, including clear 
cell and fatty metamorphosis, increased cell den-
sity, pseudocapsule appearance formation, 
mosaic pattern, and biliary impairment. These 
other changes can be depicted with other tech-
niques, including chemical shift, DW and hepato-
biliary phase (HBP) MR imaging after 
hepatobiliary contrast media (HBCM) adminis-
tration. Therefore, some guidelines also allow the 
diagnosis to be carried out on a less strict way, as 
a hypoenhanced lesion on the arterial phase hav-
ing other typical features on the liver imaging 
reporting and data system (LI-RADS) stratifica-
tion or hypointensity and defect on the HBP or 
the Kupffer phase on CE-US with Sonazoid® 

(Omata et  al. 2017; Chernyak et  al. 2018). 
Considering that pathologically and phenotypi-
cally different HCC might have different dynamic 
imaging findings due to the lack of new arterial-
ized neovascularization to produce hyperen-
hancement on the late arterial phase, especially in 
early small lesions detected in surveillance pro-
grams, and the enlarged interstitial space show-
ing contrast enhancement with isointensity on the 
venous and/or equilibrium phases, it was crucial 
for some guidelines to include other complemen-
tary noninvasive diagnostic criteria. These differ-
ences between guidelines are also due to 
difference in prevalence, risk factors, and treat-
ment strategies depending on the geographical 
distribution of the target population (Tang et al. 
2018; Song et al. 2017).

There are also differences in the worldwide 
contrast agent’s availability. Intravenous admin-
istered contrast media distribute within the intra-
vascular and extracellular spaces, some of them 
also reaching the intracellular space for partial 
biliary excretion. In this chapter, contrast media 
will be classified regarding the differential phar-
macokinetic distribution as intravascular 
(IVCM), extracellular (ECCM), and hepatobili-
ary contrast media (HBCM). In this sense, CT 
iodine- and MR gadolinium-based agents are 
considered ECCM.  Gadobenate dimeglumine 
(Gd-BOPTA) has a large ECCM component with 
a small (close to 5%) but clinically relevant 
HBCM, while gadoxetic acid (Gd-EOB-DTPA) 
has similar ECCM and HBCM components 
(Kitao et al. 2011; Kogita et al. 2010; Gatto et al. 
2013; Hope et al. 2015; Kim et al. 2013).

As dynamic phases after contrast administra-
tion are key in the diagnosis and staging of HCC, 
we will define them here. For both CT and MR, 
the main phases are the late arterial, portal, 
venous, and equilibrium ones. The late arterial 
phase is defined when the contrast media is pref-
erentially within the hepatic artery and liver cap-
illaries, even with initial portal enhancement, but 
with no contrast media within the hepatic veins. 
This late arterial phase should be obtained 
approximately 12  seconds after the aortic 
enhancement (bolus tracking technique, 100 HU 
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threshold). A multi-arterial phase MR imaging is 
recommended if available in order to ensure the 
detection of arterial vascularization in HCC nod-
ules (Neri et al. 2016). The portal phase is reached 
when the portal flow has the highest contrast 
media, approximately 48 s after the bolus arrival 
time, while the equilibrium, 90 s after the aortic 
enhancement, and delayed phases, 180  s after 
bolus arrival, represent the same parallel 
 enhancement profiles within the interstitial and 
vascular compartments, both at the arterial and 
venous system.

On the other hand, all the guidelines recom-
mend dynamic CT or MR with extracellular con-
trast as the standard or first-line techniques, but 
not all of them include hepatobiliary contrast 
agents or ultrasound contrast. For the Gd-EOB- 
DTPA, the equilibrium and delayed phases are 
considered transitional phases as interstitial, vas-
cular, and hepatocyte compartments have the 
contrast media. The hepatobiliary phase is 
obtained at 120 min after Gd-BOPTA administra-
tion but only 10–20  min after Gd-EOB-DTPA 
administration (Yoon et  al. 2016; Kudo et  al. 
2014; Neri et al. 2016; Zhou et al. 2018).

Additionally, US IVCM have different time 
protocols for lesion characterization as an HCC 
after a DCE study, as wash-out is defined later, 
more than 60 seconds after the contrast adminis-
tration, and of mild degree. On the other hand, 
the reticuloendothelial-specific US contrast agent 
Sonazoid® is considered only in those guidelines 
which come from geographic areas where this is 
commercially available. Lesions are shown as 
hypoechoic nodules at the Kupffer phase imag-
ing, which last for at least 60  min that allows 
examining the entire liver, improving tumor 
depiction and characterization (Galle et al. 2018).

Although digital angiography and positron 
emission tomography (PET) have been used for 
HCC depiction, they are not usually considered 
as their accuracy and availability are lower. 
Angiography is used for local treatment, such as 
embolization of bleeding arteries or chemo- and 
radioembolization. PET with 18F-FDG can be 
used for staging and response evaluation, but its 
use is limited to distant metastases in selected 

cases. This technique has a high rate of false- 
negative results for early diagnosis (Galle et al. 
2018).

There are many different available therapeutic 
options to treat these tumors. Best treatment 
options mainly depend on availability, experi-
ence, tumor stage, and functional liver condition. 
Although surgical resection and liver transplanta-
tion are considered standard curative options, 
several locoregional therapies such as ablation, 
chemoembolization, radioembolization, and sys-
temic medical therapies, alone or in combination, 
are frequently used. Importantly, most HCC 
guidelines are not only focused on tumor diagno-
sis but also on the more effective and available 
therapeutic choice.

In this sense, many tumor scoring systems have 
been developed to stratify patients with HCC, 
based on several imaging-related tumor parame-
ters, liver function, and patient’s status. The 
Barcelona Clinic Liver Cancer (EASL-BCLC) 
system provides treatment recommendations for 
each clinical stage, linking them with an expected 
prognosis (Faria et al. 2014). This system is being 
endorsed mainly by Western countries’ guidelines, 
having other guidelines from different world 
regions some differences in their approach to treat-
ment allocation. Also, diagnostic and staging sys-
tems might vary in the treatment response 
evaluation and in the terminology and ontology 
used for the description of the findings, limiting the 
proper scientific communication between radiolo-
gists, hepatologists, and hepatic surgeons. All these 
aspects will be highlighted in the following lines.

5  Imaging Criteria

Diagnostic systems and structured radiology 
reporting are advocated by several societies as they 
improve consistency in reporting and overall posi-
tive predictive value for HCC diagnosis (Elsayes 
et al. 2018). Main imaging criteria to be consid-
ered when reporting on CT or MR in patients 
showing a lesion in a cirrhotic liver are summa-
rized in this section, trying to keep imaging terms 
with accepted imaging vocabulary and ontology.

Hepatocellular Carcinoma: Diagnostic Guidelines



198

5.1  Size

Reason: Most lesions below 1 cm in patients with 
chronic liver disease are benign regenerating 
nodules (Marrero et al. 2018; Galle et al. 2018). 
The larger the lesions, the higher the probability 
to be neoplastic.

Criteria: Most guidelines use 1  cm as the 
threshold limit to separate those lesions smaller 
than 1 cm that should be followed up from the 
larger ones that should be diagnosed. The EASL 
states that nodules <1 cm in diameter detected by 
US should be followed every 4 months, for the 
first year, and every 6 months thereafter (Galle 
et  al. 2018). This guideline states that most of 
these lesions will be regenerating-dysplastic 
nodules and biopsy is not needed. The diagnosis 
of HCC for nodules of >1 cm in diameter should 
be attempted on noninvasive DCE criteria, either 
on CT or MR.  The role of DCE-US with 
Sonazoid® is being considered in APASL guide-
lines (Omata et al. 2017). Biopsy confirmation is 
required in case of uncertainty or atypical imag-
ing findings, being a second biopsy recom-
mended in case of inconclusive pathologic 
findings, tumor growth, or lesion enhancement 
during follow-up exams. Importantly, key crite-
ria used in all guidelines to improve diagnostic 
specificity-sensitivity relate to the presence of a 
mass lesion, although 10% of HCCs are infiltra-
tive, mainly higher grades, without compression, 
distortion, or displacement of normal parenchy-
mal structures. The presence of an infiltrative 
lesion fulfilling diagnostic criteria should not 
limit a diagnosis. The Chinese guideline uses 
2 cm as the threshold for the number of examina-
tions needed to establish a positive diagnosis, 
needing at least two exams (from DCE-MR, 
DCE-CT, DCE-US) but allowing a positive diag-
nosis even in lesions smaller than 1  cm (Zhou 
et  al. 2018). The LCSGJ and KLCSG-NCC 
guidelines allow subcentimeter-sized HCCs to 
be diagnosed when the lesion has all of the fol-
lowing criteria: typical vascular features of HCC 
observed with one or two CE imaging modalities 
plus a progressive increase in serum AFP levels 
with suppressed hepatitis activity, respectively 
(Yoon et  al. 2016; Kudo et  al. 2014; Lee et  al. 

2014). The APASL also allows a subcentimeter 
diagnosis after Gd-EOB-DTPA DCE and hepa-
tobiliary phase images or Kupffer phase defect is 
seen after Sonazoid® (Omata et  al. 2017). 
AASLD/LI-RADS uses various cutoff points to 
assign diagnostic categories (<1, 1–2, and >2 cm) 
depending on the presence of non-rim arterial 
hyperenhancement and additional major features 
(wash-out, capsule appearance, growth) (Marrero 
et al. 2018). Although lesions smaller than 1 cm 
cannot be classified as LR-5, those showing 
hypervascularity and one finding among wash- 
out, capsule, or threshold growth can be scored 
as probably HCC (LR-4) (Elsayes et al. 2018).

Pitfalls: As measurements have variability and 
inaccuracies, the closest the lesion size is to 1 cm, 
the less important should size threshold be con-
sidered as a limitation to the positive diagnosis of 
HCC. Also, even small lesions can be HCC and, 
therefore, should be either followed up or treated 
if imaging criteria are clearly positive for malig-
nancy. In this sense, high-resolution images are 
improving the small lesion characterization rates. 
Of relevance, Japan and APASL guidelines do 
not consider size a limiting variable for HCC 
diagnosis if AFP is elevated and HBCM or 
Kupffer phase CE-US studies are available (Song 
et al. 2017).

5.2  Hypervascularity in the Late 
Arterial Phase

Reason: Tumor neoangiogenesis is a pathological 
hallmark of HCC.  During carcinogenesis, the 
natural vessels are being substituted by abnormal 
arterial feeding vessels that generate a vivid arte-
rial vascular supply to the tumor.

Criteria: Typical hallmark of HCC is the 
hypervascularity of the liver mass in the arterial 
phase, sometimes named the wash-in phenom-
ena. Most tumors (>85%) will show a strong, 
fast, and homogeneous enhancement on the late 
arterial phase (Figs. 1 and 2). Ring annular and 
stable enhancement is not considered typical for 
HCC, and ICC or metastases should be consid-
ered in these cases, being biopsy mandatory 
(Marrero et al. 2018).
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Fig. 1 Typical features of HCC in a cirrhotic patient. 
In-phase gradient echo T1W (a) and fat-suppressed T2W 
(b) images showing a hypointense (a) and hyperintense 
(b) liver nodule regarding the liver parenchyma. On the 
DW image (c), the lesion has an unequivocal signal hyper-
intensity due to restriction. After Gd-BOPTA administra-
tion, 3D fat-suppressed gradient echo T1W arterial (d) 

and portal (e) phase images demonstrate a hyperenhance-
ment (d) and wash-out (e) regarding the liver parenchyma. 
Note the mosaic architecture with internal septa in the 
arterial phase and the capsule appearance in the portal 
venous phase. The hepatobiliary phase obtained 120 min 
after contrast administration (f) shows the nodule is 
hypointense to surrounding liver parenchyma

Hepatocellular Carcinoma: Diagnostic Guidelines



200

Fig. 2 Small HCC. In-phase (a) and opposed-phase (b) 
gradient echo T1W images show the nodule signal drop 
(b) due to the presence of fat and water within the same 
voxel. A mild hyperintensity occurs on T2W (c) and DW 
(d) images. Fatty metamorphosis is also shown as signal 
drop in pre-contrast fat-suppressed gradient echo T1W 

image (e). Post-contrast late arterial phase (f) and portal 
venous phase (g) T1W images show arterial hyper- and 
portal hypoenhancement regarding the liver parenchyma, 
respectively. In the hepatobiliary phase, the nodule is seen 
lacking HBCM uptake (h)
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Pitfalls: In the early process of tumor develop-
ment, neoangiogenesis might not be present. 
Low- and high-grade dysplastic nodules, early 
HCCs, and well-differentiated HCCs might be 
hypovascular (Yoon et  al. 2016; Omata et  al. 
2017). In this sense, close to 15% of HCCs are 
hypovascular, and other imaging findings are 
needed to establish a confident diagnosis of 
HCC. Before hypovascularity is considered in a 
mass lesion, bolus arrival time and short plateau 
duration biases should be excluded. These relate 
to the fact that some modalities, such as CT and 
MR, do not sample the liver with the needed tem-
poral resolution and nodules with a short hyper-
enhancement can be overlooked (Neri et  al. 
2016).

5.3  Wash-Out After the Late 
Arterial Phase

Reason: Most HCC lesions, mainly those more 
advanced in their oncologic progression, have 
internal vascular derangements, lacking internal 
portal veins and showing much less 
enhancement than the liver parenchyma in the 
portal and equilibrium phases after contrast 
administration.

Criteria: Wash-out is defined in CT and MR 
as lesion hypointensity in the portal venous 
(ECCM/HBCM) or delayed (ECCM) phases. 
Peripheral wash-out should not be considered 
typical for HCC (Marrero et al. 2018). It is man-
datory in all guidelines that the mass exhibits 
wash-out in the portal phase (Figs.  1 and 2). 
When using ECCM, the equilibrium or delayed 
phases can also be used to define lesion hypoin-
tensity. If hepatobiliary contrast agents are being 
used in MR, such as gadoxetic acid (Gd-EOB- 
DTPA), the wash-out phase is mainly limited to 
the portal phase as some hepatocyte uptake is 
already present at the equilibrium phase, which 
can be confusing. The wash-out is defined on 
DCE-US as late onset (after 60  s) and of mild 
intensity (Galle et al. 2018).

Pitfalls: Close to 20% of HCC lesions are isoin-
tense to the liver parenchyma. The higher liver 
enhancement related to the degree of inflammation 
and fibrosis that is shown in the delayed phases 
could contribute to consider a wash-out as a dynamic 
criterion instead of a contrast intensity regarding the 
background liver. After Gd-EOB- DTPA, wash-out 
can only be defined as lesion hypointensity in the 
portal phase, as the equilibrium and delayed phases 
have a contribution of hepatocyte cellular enhance-
ment, severely limiting accuracy.

g h

Fig. 2 (continued)
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5.4  Hypointensity 
in the Hepatobiliary Phase

Reason: When HBCM are used, those lesions 
without an appropriate active transport mecha-
nism will be seen as hypointense nodules on the 
hepatobiliary phase. Most HCCs (80–90%) are 
hypointense in the HBP, helping to increase HCC 
depiction and differentiation from benign nod-
ules developed on chronic liver diseases. Loosing 
OATP8 expression is one of the earliest changes 
associated with HCC (Yoon et  al. 2016; Kudo 
et al. 2014; Omata et al. 2017).

Criteria: HBCM are uptake by the hepato-
cytes and export to the biliary channel through 
OATP8 and MRP2 export cell transporters, 
whose expression decreases in the hepatocar-
cinogenesis process even before the neoangio-
genesis has been enough to produce 
hyperenhancement in the arterial phase (Kitao 
et  al. 2011; Kogita et  al. 2010). In the process 
from dysplastic nodule to HCC in a cirrhotic 
liver, the HBCM uptake by the nodule, relative to 
the hepatic parenchyma, decreases. Even though 
an overlapping is possible, it is well known that 
the majority of HCC and many high-grade dys-
plastic nodules have a hypointense appearance 
with regard to the liver surrounding parenchyma 
(Figs.  1 and 2). On the other hand, low-grade 
dysplastic nodules show iso- or hyperintense 
appearance on hepatobiliary phase (Gatto et  al. 
2013). Even more, hypointense solid nodules on 
the HBP have a higher risk of progression to typi-
cal HCC than iso- or hyperintense nodules (Kudo 
et al. 2014; Omata et al. 2017; Galle et al. 2018).

Pitfalls: Some of the commonest focal liver 
lesions such as flash-filling hemangiomas that 
typically have an arterial hyperenhancement and 
other malignancies will be hypointense on the 
hepatobiliary phase. Also to be considered, 
10–20% of well-differentiated HCC will show 
uptake on this hepatobiliary phase due to an over-
expression of OATP8 (Omata et al. 2017). In that 
case, the presence of a hypointense rim on the 
hepatobiliary phase would suggest HCC in an 
appropriate background (Hope et  al. 2015). 
Moreover, radiologists should be aware of the 
appropriateness of the hepatobiliary phase in 

patients with liver functional damage in whom 
the hepatic enhancement and the conspicuity of 
the HCC may be impaired (Kim et al. 2013).

5.5  Tumor Capsule

Reason: There are few lesions with an external 
thick layer. Liver cell adenoma, hydatid cyst, and 
a few metastases can have this appearance. 
Capsule is the liver fibrotic reaction to lesion 
enlargement by expansion.

Criteria: A well-defined thick peripheral 
structure having well-defined both inner and 
outer borders and prolonged enhancement after 
contrast administration (Fig. 1). The signal inten-
sity is slightly hypointense on T1W images and 
hyper- or isointense on T2W images. Sometimes, 
a double appearance can be seen, with a higher 
signal-intensity external layer on the T2W 
images. As fibrosis is the predominant histologic 
component, tumor capsule enhancement is seen 
at the portal phase, being prolonged on the equi-
librium/delayed phases, being this finding the 
most important diagnostic criteria.

Pitfalls: Although unspecific, lesion capsule 
can be present in other liver lesions. However, a 
solid tumor with a peripheral thick capsule in a 
cirrhotic liver can be considered an HCC, as ade-
nomas are not recognized in this setting, and 
hydatid cysts are non-enhancing lesions with a 
completely different appearance. Tumor capsule 
must be differentiated from distinctive peripheral 
rims, being smooth border with different signal 
intensity but without the typical contrast enhance-
ment of the pseudocapsule. These distinctive 
rims are considered ancillary findings favoring 
malignancy, although they are not specific for 
HCC.  Also, hypointense rim on transitional 
phase should not be regarded as capsule appear-
ance but discrete rim, which is ancillary finding 
according to LI-RADS (Hope et al. 2015).

5.6  Tumor Growth

Reason: The rate of tumor growth is an important 
criterion that supports malignancy. In general 
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terms, malignant lesions grow faster than benign 
due to the cellular duplication and neoangiogen-
esis. It is well known that hypervascular nodules 
and those in which portal blood flow is reduced in 
cirrhotic liver have a short doubling time and a 
high risk to become an HCC (Tochio and Kudo 
2008).

Criteria: Tumor growth, mainly considered as 
mean tumor volume doubling time shorter than 
86  days, is a relevant criterion. However, most 
guidelines do not consider a threshold growth as 
an HCC diagnostic criterion. Actually, they only 
include the enlargement of the lesion in the fol-
low- up as a condition to proceed with corre-
sponding diagnostic procedures when a detected 
nodule does not fit the typical noninvasive crite-
ria. On the contrary, LI-RADS advocates the 
threshold growth as a major criterion. LI-RADS 
2018 defines growth as an increase of at least 
50% in 6 months or less. Former definitions of 
threshold growth such as a new observation of at 
least 10 mm in less than 24 months or an increase 
larger than 100% in more than 6 months are con-
sidered a subthreshold growth in the current ver-
sion (Elsayes et al. 2018).

Pitfalls: It is mandatory to have previous 
examinations to include the tumor growth in the 
radiological evaluation. It is important to mea-
sure the lesion in the same plane and sequence 
trying to avoid the arterial phase in order to not 
include some peritumoral enhancement that 
could appear in this phase. Moreover, we should 
avoid measuring the lesion on DWI due to the 
possible image distortion.

5.7  Mild-Moderate T2 
Hyperintensity

Reason: Most HCCs show intracellular and inter-
stitial edema with high T2W signal intensity. 
Most regenerative and dysplastic nodes do not 
show this hyperintensity. ICC also shows hyper-
intensity, but usually as an outer hyperintense 
ring or a target appearance.

Criteria: Hyperintensity is mainly either 
homogeneous or with a mosaic appearance, some 

large homogeneous areas showing hyperinten-
sity, while others are isointense (Figs. 1 and 2). 
Hyperintensity should not be seen as a peripheral 
ring or annular structure, as this finding is atypi-
cal in HCC and quite typical of ICC.  Lesion 
hyperintensity must be differentiated from 
peripheral bad-defined edema, which, although 
unusual in HCC, can be found in case of fast- 
growing aggressive tumors. Sometimes, a 
nodule- within-a-nodule appearance is seen as a 
central small hyperintense region within an isoin-
tense tumor. This central hyperintensity, which 
usually suffers from different perfusion charac-
teristics, should be considered an early HCC 
degeneration within a premalignant nodule.

Pitfalls: Other lesions in cirrhotic livers can be 
hyperintense. Hemangiomas and cysts are typi-
cally much brighter than HCC, with a completely 
different dynamic perfusion behavior.

5.8  Restricted Diffusion

Reason: Malignant tumors show hypercellularity 
with a decreased interstitial space, restricting the 
diffusion of water within the voxels. Lesion 
restriction favors malignancy, as most benign 
nodules do not show hyperintensity in the high 
b-value images. Regenerative and dysplastic nod-
ules do not show restriction on the DW images.

Criteria: Hyperintensity on high b-value DW 
images should be either homogeneous or with a 
mosaic appearance (Fig.  1). Peripheral annular 
restriction is mainly typical for ICC.

Pitfalls: Restricted diffusion on the high 
b-value DW images can be misleading, as 
25–85% of small HCC will not show a clear sig-
nal difference with the liver parenchyma as 
restriction is observed in those cases when the 
Child-Pugh score is high (Fig. 2). Liver restric-
tion in chronic liver disease is probably related to 
the inflammatory activity and the increased sinu-
soidal deposits. Some hemangiomas might be 
hyperintense due to the T2 shine-through effect, 
which is easily excluded by the evaluation of the 
T2W images and the calculation of the ADC val-
ues of the lesion.
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5.9  Corona Enhancement

Reason: This peripheral area of early enhance-
ment after contrast media administration is due to 
the early drainage of the contrast material from 
hypervascular HCC into surrounding sinusoids.

Criteria: Peripheral area or even rim of transi-
tional enhancement observed in the late arterial 
phase (Fig. 3), but sometimes extending also to 
the early portal phase, occurring in HCC with 
arterial hyperenhancement.

Pitfalls: Other hypervascular tumors might 
also have corona enhancement. It seems to be 
associated with microvascular invasion at the 
parenchyma close to the main tumor.

5.10  Portal Vein Thrombosis

Reason: Large HCC tumors have a tendency to 
disseminate through macrovascular vein inva-
sion, which can also be seen in small tumors, 
being a major bad prognostic factor.

Criteria: Non-enhancement and absent flow 
within the main or intrahepatic portal veins in 
any CE study (CT, MR, US). Neither Doppler 
spectra nor color Doppler signal and increased 
luminal echogenicity are shown in US.

Pitfalls: Other lesions such as ICC and metas-
tases might have portal vein thrombosis. Even 
more, portal vein thrombosis might also be pres-
ent as a complication in cirrhotic livers without 
HCC.  CE images can distinguish tumoral from 
non-tumoral portal vein thrombosis with high 
accuracy when arterial enhancement is seen 
within the obstructed vessel. On high b-value 
diffusion-weighted MR images, tumor thrombi 
have hyperintensity due to diffusion restriction.

5.11  Mosaic Architecture

Reason: The mosaic architecture is considered an 
ancillary feature that may favor HCC diagnosis.

Criteria: Some HCCs, particularly those 
>3 cm in diameter, have a heterogeneous hyper-

enhancement on arterial phase with fibrous septa 
that separate different parts into the nodule with 
different imaging features (enhancement, inten-
sity, or attenuation) called mosaic architecture 
(Fig. 1). Probably, this reflects various stages of 
hepatocarcinogenesis and components in the 
same nodule (Neri et al. 2016). Mosaic is charac-
teristic of large HCC, being useful to differentiate 
them from ICC.

Pitfalls: Small HCCs, usually, have a homoge-
neous hyperenhancement and mosaic architec-
ture appearance being unusual to behave. In order 
to measure appropriately an HCC with a mosaic 
architecture, it is important to include all internal 
nodules that make up the lesion.

5.12  Intralesional Fat

Reason: Some HCC might show internal fatty 
metamorphosis. Clear cell microscopic transfor-
mation in HCC is mainly related to well- 
differentiated tumors.

Criteria: A signal intensity drop in the T1W 
opposed-phase gradient echo (GRE) images in 
comparison with the in-phase images is charac-
teristic of the presence of both fat and water com-
ponents within the same voxel. This microscopic 
fat deposition within the cytoplasm of malignant 
hepatocytes is extremely characteristic of HCC 
(Fig. 2).

Pitfalls: Other liver tumors with inner fat are 
adenomas and FNH. Adenomas are considered a 
well-differentiated HCC in patients with chronic 
liver disease and therefore are not a differential 
diagnosis in this setting. FNH with steatosis is 
unusual and has been reported in normal livers. 
Metastases from liposarcoma are secondary to a 
known primary extrahepatic fatty tumor.

5.13  Intralesional Blood Products

Reason: The presence of hemorrhage into or sur-
rounding a lesion helps to diagnose a nodule as 
HCC in a cirrhotic liver. Actually, this sign is 
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Fig. 3 Atypical HCC in HCV-infected patient. In-phase 
(a) and opposed-phase (b) gradient echo T1W images 
show a hypointense focal liver lesion that behaves as 
hyperintense on fat-suppressed T2W (c) and DW (d) 
images. On the dynamic contrast-enhanced images, the 
nodule is hypovascular in the arterial (e), portal (f), and 

delayed (g) phases. Corona enhancement surrounding the 
lesion is seen as a bad-defined hyperenhanced area in the 
arterial phase (arrowhead). The lesion is hypointense in 
the hepatobiliary phase (h). Pathologic specimen showed 
an undifferentiated hepatocellular carcinoma

a b

c d

e
f
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considered as an ancillary criterion for HCC in 
LI-RADS guidelines in absence of trauma, 
biopsy, or treatment.

Criteria: The presence of blood products into 
some focal liver lesions is more frequent in those 
hypervascularized lesions with arterial hyperen-
hancement such as HCC and hepatic adenoma. It 
is well known the risk of hemorrhage of these 
lesions and their clinical presentation with hemo-
peritoneum due to spontaneous bleeding.

The MR appearance depends on the stage of 
blood, with hyperintensity on T1W images in 
case of acute or subacute bleeding. On the other 
hand, the CT appearance of a hemorrhagic nod-
ule can be hyperattenuated in all phases.

Pitfalls: We should be aware of the particular 
appearance of the different stages of blood prod-
ucts in MR sequences. It could be mandatory to 
perform subtraction imaging to detect enhance-
ment on T1W images in a hemorrhagic nodule. 
The same in case of CT images, in which the 
intranodular hemorrhage can mimic hyperen-
hancement if unenhanced images are not avail-
able. Moreover, the nodular size reduction due to 
the blood product involution does not favor 
benignity.

5.14  Lesional Fat or Iron Sparing

Reason: Both lesional fat and iron sparing in a 
fatty liver or iron-overloaded liver background 
are characteristics that support malignancy. As a 
diffuse liver disease that involves the whole liver, 
a growing nodule that does not contain neither fat 
nor iron is suspicious of malignancy.

Criteria: Although fat content into a suspi-
cious nodule supports HCC diagnosis, the 
lesional fat sparing in fatty liver is an ancillary 
feature that favors malignancy, not specifically 
HCC, but this diagnosis can be considered in the 
cirrhosis background if more specific HCC cri-
teria are present, particularly with any dynamic 
criteria. The nodule will show higher signal 
intensity in whole or in part than the low signal 
surrounding liver parenchyma on out-phase 
T1W images.

Iron sparing in a solid mass is defined as the 
loose of iron in a nodule that grows with regard 
to the surrounding iron-overloaded liver or in 
the center of a regenerative or dysplastic nodule 
that cumulates iron. It can be attributed to grow-
ing iron resistance cells often malignant 
(Chernyak et  al. 2018). It shows higher signal 

g h

Fig. 3 (continued)
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intensity than the surrounding nodule or liver 
parenchyma on in-phase chemical shift T1W 
and T2*W images. Both features can be also 
evaluated on CT images based on decreased or 
increased liver attenuation in fat or iron deposi-
tion, respectively.

Pitfalls: As fat sparing liver parenchyma with 
associated alteration of perfusion is relatively 
frequent in liver diseases, it is important to take 
into consideration fat sparing feature only in 
case of a solid mass that shows enhancement 
alteration at least in one dynamic phase. In case 
of iron sparing, radiologists should be aware of 
confluent fibrosis that can mimic a lesional iron 
sparing.

6  Multivariable Tumor 
Definition

Reason: All guidelines use the wash-in/wash-out 
main criteria for HCC diagnosis. However, some 
HCCs will be either hypovascular at the late arte-
rial phase or have no clear hypointensity at the 
portal or equilibrium phases in the CE studies 
(Fig. 3). Therefore, some ancillary findings might 
be used to increase sensitivity and specificity, 
avoiding the use of biopsy if proven accurate. 
Although ancillary findings might be most valu-
able in nodules <2  cm in diameter, any liver 
lesion in a cirrhotic liver without the typical CE 
dynamic behavior will benefit from a positive 
accurate diagnosis. Somewhat, a nodule should 
not be defined as hypovascular before another 
dynamic technique is performed, including 
CE-US (Bota et al. 2012). Strategies suggested to 
improve diagnostic accuracy with the incorpora-
tion of ancillary findings are gaining interest. The 
certainty of diagnosis and effectiveness of ther-
apy represent a high priority of this approach.

Criteria: The AASLD guideline endorsed 
the LI-RADS reporting system (Marrero et al. 
2018). The LI-RADS also uses imaging fea-
tures as criteria for HCC, including enhancing 
capsule and threshold growth (Elsayes et  al. 

2018; Kitao et  al. 2011). Other ancillary fea-
tures favoring HCC but not being able to pro-
vide a definitively positive diagnosis are 
enhancing T2W hyperintensity, diffusion 
restriction, hepatobiliary phase hypointensity, 
corona enhancement, mosaic architecture, nod-
ule-in-nodule appearance, lesional fat or hem-
orrhage, and lesional fat or iron sparing. 
LI-RADS establishes diagnostic categories, 
from definitive and probably benign HCC 
(LI-RADS 1 and 2), low probability and prob-
able HCC (LI-RADS 3 and 4), and definite 
HCC (LI-RADS 5). LI-RADS M is assigned to 
any malignant lesions not being specific for 
HCC, including features characteristic of ICC 
such as rim arterial hyperenhancement, periph-
eral wash-out, delayed central enhancement, or 
targetoid appearance at the diffusion or HBP 
images. Overall probability of HCC in LI-RADS 
5 lesions is quite high (95–99%) (Marrero et al. 
2018; Elsayes et al. 2018).

The ESGAR guideline states that if either 
one of the major vascular criteria (wash-in/
wash-out) is lacking, hypointensity on the HBP 
plus restricted diffusion on high b-values or 
hyperintensity on T2W images is highly suspi-
cious for HCC (Neri et  al. 2016). Inclusion of 
these additional features increased sensitivity 
from 78 to 88% and decreased specificity from 
80 to 75%, resulting in higher accuracy (84%) 
and larger area under the curve (AUC) (81.5). 
Although the differences were not statistically 
significant, the sensitivity, specificity, accuracy, 
and overall diagnostic ability of LI-RADS crite-
ria were slightly higher than with the ESGAR 
criteria (Rosiak et al. 2018).

The APASL guideline (Omata et al. 2017) also 
states that the combined interpretation of DCE 
and hepatobiliary phase images after Gd-EOB- 
DTPA administration together with diffusion- 
weighted images improves the diagnostic 
accuracy of MR, but only for detection 
purposes.

The JSH states that hypovascular nodules that 
are also hypointense in the hepatobiliary phase 
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and hypoechoic in the Kupffer phase of Sonazoid® 
CE-US can be diagnosed as early HCC even 
without biopsy (Kudo et al. 2014).

The criteria developed in our own facility use 
the two major vascular hallmarks and seven 
minor complementary criteria, including pseudo-
capsule, fatty metamorphosis, T2W and T1W 
hyperintensity, mosaic pattern, vascular invasion, 
and diffusion restriction with hyperintensity on 
high b-value images. A positive imaging diagno-
sis of HCC is stablished with at least one major 
finding plus at least two minor criteria. The called 
VLC-MV is a very accurate classification system 
with 98.5% of positive predictive value, higher 
than LI-RADS and EASL guidelines (Marti- 
Bonmati et al. 2017).

Pitfalls: The increased positive diagnosis has 
to be balanced with an increased false-positive 
rate (Yoon et  al. 2016; Omata et  al. 2017). In 
this sense, a recent study using CT showed a 
higher diagnostic performance and sensitivity, 
with the same specificity that guidelines using 
only the vascular hallmark (wash-in/wash-out) 
criteria compared to LI-RADS (Seo et al. 2019). 
On the other hand, none of the cited guidelines 
state how to differentiate between dysplastic 
nodules, especially high-grade ones, and 
HCC.  Also, as patients with history of HCC 
have greatest risk of tumor recurrence (Lee et al. 
2014; Korean Liver Cancer Study Group and 
National Cancer Center Korea 2015), lesions 
<1 cm should be clearly considered HCC if typ-
ical hallmarks are found, mainly if minor find-
ings are also present.

7  Structured Report

Standardized diagnostic and reporting systems 
have improved the communication between radi-
ologists and clinicians, favoring to take the right 
decisions on the multidisciplinary meetings. 
Although most guidelines do not consider the use 

of structured report (SR) in their implementation, 
this tool is extremely helpful in the clinical 
setting.

To be useful, SR items should be defined after 
a comprehensive literature review with an in- 
depth decision in a multidisciplinary committee, 
consisting of radiologists, hepatologists, sur-
geons, and pathologists, all of them specialists in 
primary liver tumors. Most SR are based on 
HTML format and are compatible with 
Management of Radiology Report Templates 
(MRRT), and SR includes mainly customized 
checkbox for each item to be defined on the radi-
ology report, most of them being drop-down lists. 
Web-based platforms allow the construction and 
progressive filling of the generated information 
on a centralized database. All data is finally 
stored for further analysis and research. In our 
institution, the following sections are included: 
(1) technique (CT/MR, field strength, contrast 
media type and dose, sequences and phases, 
hepatocellular phase, and technical limitations); 
(2) morphologic criteria of cirrhosis hallmarks 
(portal hypertension, splenomegaly, varices, 
shunts, thrombosis); (3) untreated lesions (num-
ber, location, size, LI-RADS diagnosis); (4) 
treated lesions (response criteria: mRECIST); 
and (5) other organ lesions (pancreas, adrenals, 
kidneys, and lymph nodes). Then, the report 
finalized with a staging classification and a pro-
posed treatment to be considered by the multidis-
ciplinary committee. The Milan criteria and any 
other local relevant information are also provided 
(Fig.  4). The final diagnosis can be adjusted to 
any (or different) guideline.

SR developments allow to incorporate 
radiomics quantitative information related with 
the digital analysis and processing of the data 
from the acquired images to accurately and pre-
cisely describe the biological properties and 
behavior of tissues by means of radiomics char-
acteristics and dynamic parameters (Martí- 
Bonmatí et al. 2018).
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Fig. 4 Hepatocellular carcinoma structured report at Hospital Universitario y Politécnico La Fe
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Fig. 4 (continued)
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Staging

EASL-HUPLF staging and management strategies

HCC in cirrhotic liver
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Preserved liver function*
PSD
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1 nodule > 2 cm or <=3

nodules < 3 cm; Preserved
liver function*; PSD

Intermediate stage (B)
>3 nodules; unresectable
Preserved liver function*

PSD

Terminal stage (D)
Non transplantable HCC
End stage liver function

PS 3:4

Advanced stage (C)
Portal invasion

Extrahepatic spread
Preserved liver function; PS 1:2

Treatment Ablation Ablation TACE SIRT Systemic therapy paliative careResection

> 5 years > 2.5 years > 10 months

*Preserved liver function = Child-Pugh A without ascites

3 months

Transplant

Survival

Solitary

Optimal
surgical

candidate
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Fig. 4 (continued)
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Abstract
The accurate diagnosis of benign lesions in a 
cirrhotic liver is clearly important to avoid 
misdiagnosis of hepatocellular carcinoma 
(HCC) or other malignancies and to direct 

the patient toward the most appropriate 
management. In this chapter we review the 
appearance of the most common benign 
lesions encountered on CT and MR imaging 
of a cirrhotic liver. The lesions are divided 
into two main groups depending on the his-
tological composition as non-hepatocellular 
lesions (i.e., cysts and peribiliary cysts, 
hemangiomas, pseudolesions) and hepato-
cellular lesions (i.e., nonmalignant cirrhosis- 
associated nodules, focal nodular hyperplasia 
like nodules, and hepatobiliary hypointense 
nodules without arterial phase 
hyperenhancement).
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1  Non-hepatocellular Lesions

1.1  Peribiliary Cysts and Hepatic 
Cysts

Peribiliary cysts result from dilatation of 
obstructed periductal glands and have a preva-
lence of 9% in cirrhotic patients (Baron et  al. 
1994; Bazerbachi et al. 2018). They are usually 
multiple and seen along the portal triads in the 
hilum and central part of liver (Elsayes et  al. 
2018; Ronot et al. 2017). Peribiliary cysts do not 
communicate with the bile ducts but may mimic 
biliary ductal dilatation (Baron et al. 1994). Their 
presence on both sides of portal vein without 
upstream biliary dilatation is key finding for a 
proper diagnosis (Ronot et  al. 2017) (Fig.  1). 
When the diagnosis is unclear on contrast- 
enhanced CT or MR cholangiography, injection 
of a hepatobiliary contrast agent (i.e., Gd-EOB- 
DTPA or Gd-BOPTA) may be considered to dif-
ferentiate the contrast-enhanced bile ducts from 
the unenhanced peribiliary cysts on hepatobiliary 
phase (Bazerbachi et al. 2018; Ronot et al. 2017). 
Size progression of peribiliary cysts has been 

reported with worsening of the liver disease and 
rarely results in biliary obstruction (Bazerbachi 
et al. 2018).

Hepatic cysts in cirrhosis do not usually repre-
sent a diagnostic challenge as they maintain the 
same imaging appearance as in non-cirrhotic liv-
ers (Ronot et al. 2017). The lack of enhancement 
and the bright signal intensity on T2-weighted 
MR images are key features for a confident 
diagnosis.

1.2  Hemangiomas

Hemangiomas are among the most common 
benign lesions, but are less frequently encoun-
tered in cirrhotic patients (Dodd et  al. 1999; 
Duran et al. 2015). In the early stages of hepatic 
fibrosis hemangiomas show a classic appearance 
including peripheral nodular and progressive 
enhancement that remains isoattenuating/isoin-
tense to blood pool, as well as high signal inten-
sity on T2-weighted MR images (Brancatelli 
et  al. 2001) (Fig.  2). As fibrosis progresses, 
hemangiomas become smaller and may lack the 

a b

Fig. 1 Axial T2-weighted MR image (a) in a 63-year-old 
man with cirrhosis and para-coronal thick slab MR chol-
angiography image (b) in a 78-year-old man with cirrho-
sis show multiple small cystic lesions (arrows in a, b) 

compatible with peribiliary cysts. The location of the 
cysts on both sides of the portal vein and the lack of 
upstream biliary ductal dilatation are key features for a 
proper diagnosis
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typical imaging features, thus making it difficult 
to characterize radiologically (Brancatelli et  al. 
2001). Additionally, regressing hemangiomas 
may show capsular retraction further complicat-
ing the differential diagnosis with other lesions in 
cirrhosis. In such cases, other imaging features 
may help in the differential diagnosis with HCC, 
including the low signal intensity on diffusion 
weighted images and the evolution over time 
from prior studies. More recently, Duran et  al. 
(Duran et  al. 2015) found no significant differ-
ence in the rate of typical enhancement pattern on 
MR images for hemangiomas arising in a normal 
liver compared to those arising in a fibrotic or cir-
rhotic liver.

The radiologists using Gd-EOB-DTPA- 
enhanced MR for the surveillance of HCC in cir-
rhotic patients should be aware of an important 
diagnostic pitfall related to the diagnosis of hem-
angiomas. Flash-filling hemangiomas are usually 
hypointense on hepatobiliary phase images and 
may appear hypointense also on the images 
acquired during the transitional phase (i.e., delay 
of at least 120 seconds post-contrast). The phe-

nomenon, referred as “pseudo-washout,” is due 
to the rapid uptake of contrast agent in the sur-
rounding liver after the extracellular phase and 
may result in misdiagnosis of HCC (Chernyak 
et al. 2019; Doo et al. 2009). This phenomenon 
emphasizes that washout for the diagnosis of 
HCC should only be assessed during the portal 
venous phase, when using Gd-EOB-DTPA as the 
contrast agent, in order to reduce the number of 
false-positive diagnoses (Joo et al. 2015).

1.3  Pseudolesions

Pseudolesions are observations only detected on 
imaging in absence of a true pathological lesion 
(Papadatos et al. 2018). Vascular pseudolesions 
are usually due to arterioportal shunting, as a 
consequence of the altered microcirculation in 
cirrhosis (American College of Radiology 
2018). They classically appear as triangular-
shaped, subcapsular, hyperenhancing areas visi-
ble only on the images obtained during the 
arterial phase (Fig. 3). When they appear round, 

a b

Fig. 2 Axial contrast-enhanced CT images in a 53-year- 
old-male with history of alcoholic cirrhosis show a small 
hypodense nodule with peripheral nodular enhancement 
(arrow) on the image obtained during the arterial phase 

(a). The nodule is isoattenuating on the image obtained 
during the portal venous phase (b). The diagnosis of hem-
angioma was pathologically proven at fine needle biopsy
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the isodensity/isointensity to the background 
liver on all other phases and sequences and the 
lack of mass effect on vascular and biliary struc-

tures are clues to differentiate them from HCC 
(Murakami and Tsurusaki 2014). Other pseu-
dolesions that can be encountered in cirrhosis 
include a hypertrophic pseudomass and conflu-
ent hepatic fibrosis (Papadatos et  al. 2018; 
Elsayes et al. 2018). A hypertrophic pseudomass 
is a hypertrophic area of liver surrounded by 
fibrosis mimicking a mass on imaging (Fig. 4). 
A hypertrophic pseudomass can be differenti-
ated from HCC or other malignancies on the 
basis of iso-enhancement to the background 
parenchyma and lack of mass effect on vessels 
or bile ducts. Confluent hepatic fibrosis (or focal 
parenchymal extinction) is a focal or regional 
area of marked increased fibrosis and parenchy-
mal loss compared to the surrounding liver 
parenchyma (Wanless et al. 1995). On imaging, 
confluent hepatic fibrosis typically appears as 
wedge-shaped observations, peripherally 
located most often in segments 4, 5, and 8 and 
associated with liver surface retraction and 
delayed enhancement (Ohtomo et  al. 1993) 
(Fig. 5). The morphology and the typical loca-
tion as well as the progressive contraction at 
imaging follow-up are key features for a correct 
diagnosis (Elsayes et al. 2018).

a b

Fig. 3 Axial contrast-enhanced CT image obtained dur-
ing the arterial phase (a) shows a triangular-shaped, sub-
capsular hyperenhancing “lesion” (arrow) lacking 
washout on the corresponding image obtained during the 

portal venous phase (b). The combination of imaging fea-
tures and enhancement pattern is most compatible with a 
pseudolesion, such as arterioportal shunt in cirrhosis

Fig. 4 Axial contrast-enhanced CT image obtained dur-
ing the portal venous phase shows a hypertrophic caudate 
lobe (arrow) simulating a liver mass. The “lesion” iso- 
attenuation to the background liver parenchyma and the 
lack of mass effect on vessels (arrowhead) are key imag-
ing features to exclude malignancy
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2  Hepatocellular Lesions

2.1  Regenerative and Dysplastic 
Nodules

Cirrhosis is the endpoint of a long-standing 
fibrotic repair process in response to repetitive 
injuries (Papadatos et al. 2018). The key patho-
logic features of cirrhosis are bridging fibrosis 
surrounding regenerative nodules (RN), also 
called cirrhotic nodules. RNs are composed of 
nonneoplastic hepatocytes and are histologically 
and radiologically identical to the background 
liver. On contrast-enhanced cross-sectional imag-
ing, RNs are not hypervascular and mostly appear 
isointense compared to the surrounding liver on 
all MR sequences, including the images obtained 
during the hepatobiliary phase (American College 
of Radiology 2018; Ronot et  al. 2017) (Fig. 6). 
Dysplastic nodules are caused by clonal expan-
sion of a certain cell lineage and are typically dis-
tinct from the background parenchyma. They 
may have a higher content of fat and iron com-
pared to the surrounding liver which may result in 

intrinsic hyperintensity on T1-weighted imaging 
(American College of Radiology—LI-RADS 
2018). Based on the presence and degree of atypia 
DNs are further classified into low-grade and 
high-grade subtypes (Ronot et  al. 2017). Low-
grade DNs are histologically benign although 
they have the potential to become neoplastic due 
to presence of molecularly aberrant cells 
(American College of Radiology—LI-RADS 
2018). High-grade DNs are the last step in the 
hepatocarcinogenetic process (premalignant nod-
ules) before early and progressed HCC.  High-
grade DNs show cellular and architectural atypia 
without stromal invasion or other malignant fea-
tures (Choi et al. 2015). They may show changes 
in their blood supply resulting in imaging features 
commonly described in HCC, such as arterial 
phase hyperenhancement because of arterial neo-
angiogenesis and hypointensity on the hepatobili-
ary phase after injection of Gd-EOB-DTPA 
because of reduced expression of the organic 
anion transporter (OATP), the peptide responsible 
for the intracellular accumulation of Gd-EOB-
DTPA (Motosugi et al. 2015) (Fig. 7).

a b

Fig. 5 Gross pathology specimen (a) demonstrating cir-
rhosis and confluent hepatic fibrosis (arrow). Axial 
T1-weighted MR images obtained during the delayed 
phase postinjection of Gd-BOPTA (b) demonstrate 

wedge-shaped area of delayed enhancement with capsular 
retraction (arrow) compatible with confluent hepatic 
fibrosis
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2.2  Focal Nodular Hyperplasia-
Like Nodules

Focal nodular hyperplasia (FNH) is a benign 
hepatic lesion arising as a hyperplastic response 
to a congenital vascular malformation in an 
otherwise normal liver (Vilgrain et  al. 1992). 
FNH-like lesions are microscopically, macro-
scopically, and immunohistochemically identi-
cal to FNH but occur in patients with liver 

diseases or hepatic vascular abnormalities 
(Yoneda et  al. 2016; Vilgrain 2006). Although 
rare in cirrhosis, FNH- like nodules have been 
described more often when the etiology of liver 
disease is alcoholic with an incidence ranging 
from 3.4 to 8% (Quaglia et al. 2003; Libbrecht 
et al. 2006) (Fig. 8). In a cirrhotic background, 
these nodules likely arise from a hyperplastic 
hepatocellular response to a localized arterial 
over-inflow caused by focal angio-architectural 

a b

c

Fig. 6 Gross pathology specimen (a) of a cirrhotic liver 
shows innumerable tan, regenerative nodules delineated 
by fibrous septa. On the axial T1-weighted MR images 
obtained during the arterial (b) and portal venous (c) 

phases after injection of Gd-BOPTA, the regenerative 
(cirrhotic) nodules are barely visible and only minimally 
hypoenhancing on the portal venous phase image
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Fig. 7 Axial MR images of a cirrhotic liver obtained dur-
ing the arterial (a), portal venous (b), and hepatobiliary 
phase (c) following injection of Gd-EOB-DTPA show a 
small hepatobiliary hypointense nodule (arrow in c) with-
out arterial phase hyperenhancement. Hematoxylin and 
eosin staining of the specimen (d) obtained at ultrasound-
guided core biopsy of the lesion shows areas of increased 
cellularity with hepatocytes displaying uniform hyper-
chromatic nuclei with slightly increased nuclear/cyto-
plasmic ratio and focal irregular nuclear contour, 
suggesting a dysplastic nodule. The lesion was monitored 
with repeated MR imaging studies and developed arterial 

phase hyperenhancement (arrow in e) and portal venous 
washout (arrow in f) 5  years later while maintaining 
hypointensity on hepatobiliary phase (arrow in g). The 
microscopic evaluation of the surgical specimen post 
resection (h) demonstrates hypercellular proliferation of 
hepatoid appearing cells in a trabecular pattern with 
pseudo-acini, bile production, and Mallory hyaline com-
patible with hepatocellular carcinoma. Unpaired (so-
called aberrant) arteries were also identified (black arrows 
in h, inlet) (Images d and h are courtesy of Marta 
I. Minervini, MD, Department of Pathology, University 
of Pittsburgh)

a b

c d
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anomalies (Nakashima et  al. 2004). 
Histologically, FNH- like lesions may show a 
modest increase in cell density with irregular 
trabecular pattern, unpaired arteries, and dif-
fuse capillarization of the sinusoids similar to 
well-differentiated HCC. In such cases, immu-
nohistochemistry is helpful, demonstrating 
increased staining for HSP70 GPC3 and gluta-
mine synthetase in FNH-like lesions (Choi 
et  al. 2011). On contrast-enhanced cross- 
sectional imaging FNH-like lesions generally 
present with brisk arterial phase hyperenhance-
ment, lack of washout on the extracellular phase 

images, and iso- to hyperintensity on the images 
acquired during the hepatobiliary phase postin-
jection of Gd-BOPTA or Gd-EOB-DTPA 
(Figs. 9 and 10). The signal intensity on hepato-
biliary phase images is key for differentiating 
FNH-like lesions from HCC.  Most HCCs are 
hypointense on hepatobiliary phase images, 
although 10–15% of HCC have been reported 
to be iso- to hyperintense given the overexpres-
sion of OATP (also referred as “paradoxical 
uptake”). The most common appearance of 
both FNH-like lesions and HCCs with contrast 
uptake on hepatobiliary phase images is diffuse 

Fig. 7 (continued)

g h

e f
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a b

Fig. 8 Axial contrast-enhanced CT images in a 57-year-
old male with history of alcoholic cirrhosis show a 2 cm 
lesion with homogeneous enhancement on the image 
obtained during the arterial phase (arrow in a) and lack of 

washout on the image obtained during the portal venous 
phase (b). A FNH-like nodule was pathologically proven 
at resection

Fig. 9 Axial MR images obtained prior to (a, b) and fol-
lowing (c–e) the administration of Gd-EOB-DTPA in a 
64-year- old male with history of cirrhosis. The image 
obtained during the hepatobiliary phase (e) shows multi-
ple small hyperintense lesions (arrow) which appear iso-
intense on pre-contrast T1- (a) and T2-weighted (b) and 
post-contrast images obtained during the arterial (c) and 
portal venous (d) phases. The pathological analysis of the 
specimen obtained via ultrasound-guided biopsy of the 

lesion reveals changes similar to those seen in FNH 
lesions. The immunohistochemistry for glutamine synthe-
tase (f) shows increased diffuse positive hepatocyte 
uptake without a definite maplike pattern. The CD34 
staining (g) demonstrates diffuse capillarization of the 
hepatic sinusoids (Images (f, g) are courtesy of Marta 
I. Minervini, MD, Department of Pathology, University of 
Pittsburgh)

a b
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Fig. 9 (continued)

g
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homogeneous hyperintensity. Other patterns of 
signal distribution have also been described, 
which could help with the diagnosis. A mosaic 
pattern and a nodule-in- nodule appearance are 
typical of HCC while a doughnut pattern is 
more commonly seen in FNH-like nodule. 
Presence of washout, a low ADC value, and the 
absence of a central scar are other features help-
ful to differentiate HBP hyperintense HCC 
from FNH-like lesion (Kim et  al. 2017; Kitao 
et al. 2018). Finally, longitudinal assessment of 
changes in lesion size is important because 
FNH-like lesions tend to show no change or 
decrease in size over time. Recently a new sub-
set of FNH-like lesions has been described in 
alcoholic cirrhosis which shows strong immune- 
reactivity to serum amyloid A (SAA) with his-
tologic features commonly seen in inflammatory 
adenomas including sinusoidal dilatation, duct-
ular reaction, and inflammatory reaction 
(Yoneda et al. 2016). While FNH-like nodules 
are  typically iso- to hyperintense on hepatobili-
ary phase images, SAA-positive nodules may 
appear hypointense (Yoneda et al. 2016; Sasaki 
et al. 2015).

2.3  Hepatobiliary Hypointense 
Nodules Without Arterial 
Phase Hyperenhancement

This is a separate group of hepatocellular nodules 
encountered in cirrhotic patients after injection of 
hepatobiliary contrast agent (Motosugi et  al. 
2015; Motosugi et al. 2018). Although discussed 
in this chapter, pathologically these lesions may 
represent either early HCC or high-grade DNs 
(Golfieri et al. 2011). The key element to differen-
tiate early HCCs from dysplastic nodules on his-
tologic examination is the presence of stromal 
invasion, a feature that is not possible to discern 
on imaging (American College of Radiology 
2018; Motosugi et al. 2015). Early HCC is a well-
differentiated tumor usually described as “vaguely 
nodular” (The international Consensus Group for 
Hepatocellular neoplasia 2009). On imaging, 
early HCCs typically lack the hallmark arterial 
phase hyperenhancement of progressed HCCs, 
given the combination of reduced number of por-
tal triads and a not-yet-fully-developed arterial 
neo-angiogenesis. These lesions are typically 
hypovascular during the dynamic contrast- 

a b

Fig. 10 Surveillance ultrasound (a) in a cirrhotic patient 
shows an ill-defined hypoechoic nodule prompting further 
evaluation with contrast-enhanced MR.  Axial (b) 
Gd-EOB-DTPA-enhanced MR image obtained during the 
hepatobiliary phase shows several hyperintense lesions 

with central hypointense scar suggesting FNH-like 
lesions. At follow-up MR imaging studies (not shown), 
the lesions remained stable in size (Case courtesy of Dr. 
Jessica Yang, MD, Concord Repatriation General 
Hospital, Sydney, Australia)
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enhanced CT or Gd-enhanced MRI study and 
have reduced expression of OATP, thus resulting 
in hypointensity on hepatobiliary phase compared 
to the surrounding liver parenchyma after injec-
tion of Gd-EOB-DTPA.  Hepatobiliary hypoin-
tense nodules without arterial phase 
hyperenhancement should be carefully evaluated 
because of the increased risk of progression to 

typical HCC (Motosugi et  al. 2015). A recent 
meta-analysis showed that 18.3, 25.2, and 30.3% 
of these nodules develop arterial phase hyperen-
hancement at 1, 2, and 3  years, respectively 
(Fig. 7). In contrast, only less than 1% of hypovas-
cular nodules isointense on hepatobiliary phase 
images develop arterial hyperenhancement on 
subsequent imaging (Suh et  al. 2017) (Fig.  11). 

a b

c

Fig. 11 Axial MR images of a cirrhotic liver obtained 
during the portal venous (a) and hepatobiliary (b) phases 
following injection of Gd-EOB-DTPA show a small 
hypoenhancing lesion (arrow in a), which is isointense 
compared to the surrounding liver on hepatobiliary phase. 
The lesion was monitored with MRI for years. In an MR 

imaging study obtained 7  years later, the lesion shows 
long-term size stability and hypovascular appearance on 
portal venous phase (c). Arterial phase images (not 
showed) also demonstrate lack of arterialization after 
7 years
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The risk of progression to arterial hyperenhance-
ment is associated with the initial nodule size (i.e., 
higher risk for nodules larger than 9  mm), the 
presence of intralesional fat, and the high signal 
intensity on T2-weighted and diffusion- weighted 
images (Suh et al. 2017). Moreover, the presence 
of these nodules increases the risk of developing 
cancer elsewhere in the liver and the risk of recur-
rence of HCC after resection (Komatsu et  al. 
2014; Toyoda et  al. 2013). The management of 
hepatobiliary hypointense  nodules without arte-
rial phase hyperenhancement is still controver-
sial – options include (1) further evaluation with 
another imaging modality to assess arterial phase 
hyperenhancement (e.g., contrast-enhanced ultra-
sound), (2) imaging follow- up, and (3) biopsy.

3  Summary

Benign hepatic lesions may have imaging fea-
tures overlapping with those of malignant lesions. 
Also, they frequently have atypical imaging fea-
tures due to alteration in liver perfusion and 
architectural distortion in setting of cirrhosis. As 
such, radiologists have to be familiar with them 
in order to provide correct diagnosis and optimal 
care.
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Abstract
This chapter analyses the different benign 
liver lesions and pseudolesions occurring in 
cirrhotic livers, such as regenerative nodules 

(RNs), siderotic nodules (SNs), nodular regen-
erative hyperplasia (NRH), large regenerative 
nodules (LRNs), perfusion defects and tran-
sient hepatic attenuation difference (THAD)/
transient hepatic intensity difference (THID), 
hemangiomas in a cirrhotic liver, pseudomass 
in chronic portal vein thrombosis (PVT), con-
fluent fibrosis and focal fatty changes, such as 
focal steatosis and fat sparing, focusing on 
imaging features helpful in achieving a correct 
diagnosis.
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1  Introduction

Cirrhosis is end-stage chronic liver disease and is 
characterized pathologically by innumerable 
regenerative nodules separated by fibrous septa 
(Vilgrain et al. 2016). Cirrhosis is considered to 
be one of the leading causes of death having a 
1-year mortality rate of up to 57% in cases of 
decompensated cirrhosis (D’Amico et al. 2006). 
Chronic hepatitis B or C virus infection, alcohol-
ism and non-alcoholic fatty liver disease 
(NAFLD) are the most common causes of cirrho-
sis (Brancatelli et al. 2007).

Hepatocellular carcinoma (HCC) is the most 
common primary tumour in cirrhotic livers, the 
second leading cause of cancer-related mortality 
worldwide and the third most common cause of 
death in patients with cirrhosis (D’Amico et al. 
2006; Mittal and El-Serag 2013). Unfortunately, 
HCC is not rare in cirrhotic patients, with a fairly 
constant rate of approximately 3% per year, 
regardless of the cirrhotic stage (D’Amico et al. 
2006).

Nevertheless, several other benign and malig-
nant lesions can occur in cirrhotic patients, they 
should be differentiated from HCC (Brancatelli 
et  al. 2003) in order to minimize both false- 
negative and false-positive findings, to carry out 
the proper treatment and, therefore, to improve 
patient outcome (Galia et  al. 2014). The 
treatment could be erroneously delayed in 
cases of undetected or misdiagnosed 
HCC.  Misinterpretation of pseudolesions or 
benign liver lesions, such as HCC, may incor-
rectly increase the total tumour burden or even 
lead to the ineligibility of a patient for poten-
tially curative treatment or the inappropriate 
assignment of increased priority scores for 
patients on the waiting list for liver transplanta-
tion (Galia et al. 2014).

In recent years, magnetic resonance imaging 
(MRI) has been confirmed to be the most accu-
rate imaging method for the study of the liver. 
The introduction of hepatocyte-specific contrast 
agents in MRI, such as gadoxetic acid (Gd-EOB- 
DTPA, Primovist, Bayer-Schering Pharma, 
Berlin, Germany) and gadobenate dimeglumine 
(Gd-BOPTA, Multihance, Bracco Imaging, 

Milan, Italy), has added new diagnostic func-
tional parameters to those obtained in the 
dynamic vascular phases by also evaluating the 
hepatobiliary (HB) phase of MRI and, therefore, 
the hepatocyte presence and activity. Moreover, 
the addition of diffusion-weighted imaging 
(DWI) sequences can additionally confirm or 
exclude malignancy in the majority of lesions.

Despite these recent technical innovations in 
liver imaging, there are still many challenges for 
radiologists in differentiating HCC from other 
hepatic lesions, particularly from benign ones 
and pseudolesions.

2  Technical Pitfalls

Hypervascular tumours, such as HCC, require 
adequate delivery of contrast media to create a 
satisfactory contrast between the tumour and the 
background liver parenchyma. The rate of con-
trast injection can affect the tumour-to- 
background contrast ratio; therefore, the use of 
an adequately high injection rate is important in 
order to avoid missing lesions. Moreover, correct 
acquisition during the late arterial phase is par-
ticularly important since this is a unique non- 
repeatable phase. The American College of 
Gastroenterology guidelines recommend a mini-
mum flow rate of 4–6 cm3/s to obtain a correct 
examination (Marrero et al. 2014). A slower rate 
of infusion of 2.5 cm3/s may result in suboptimal 
enhancement, not useful in differentiating lesions 
from the surrounding hepatic parenchyma.

3  Regenerative Nodules 
and Siderotic Nodules

Liver cirrhosis is characterized by irreversible 
remodeling of the hepatic architecture with 
bridging fibrosis and a spectrum of hepatocellu-
lar nodules. Cirrhosis-associated hepatocellular 
nodules result from the localized proliferation of 
hepatocytes and their supporting stroma in 
response to liver injury (International Working 
Party 1995). The majority of hepatocellular nod-
ules are benign regenerative nodules; however, 
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regenerative nodules may progress along a well- 
described carcinogenic pathway to become low- 
grade and high-grade dysplastic nodules evolving 
into hepatocellular carcinoma (HCC) (Hanna 
et al. 2008).

Regenerative nodules (RNs) are classified, 
according to their size, as micronodules (<3 mm) 
and macronodules (≥3  mm) (International 
Working Party 1995; Hanna et  al. 2008). On 
computed tomography (CT) and MRI, RNs typi-
cally appear isodense/isointense to the surround-
ing liver parenchyma without arterial phase 
enhancement or washout appearance and, there-
fore, they are identifiable due to the peripheral 
fibrosis which appears hypodense in the portal 
phase. On MRI, RNs can appear hypointense on 
T2-weighted images unlike HCC which classi-
cally appears moderately hyperintense on 
T2-weighted images (Elsayes and Shaaban 2015; 
Hussain et al. 2002).

Some RNs could demonstrate hyperintensity 
on T1-weighted images and iso- or hypointensity 
on T2-weighted images (Fig.  1) (Hanna et  al. 
2008; Martin et  al. 2002). Although the reason 
for these signal intensity (SI) findings is not well 
understood, the presence of paramagnetic materi-
als or glycogen in the nodule may contribute to 
T1 hyperintensity (Mathieu et  al. 1997). 
Regenerative nodules may also contain some 
degree of lipid accumulation in the hepatocytes. 
Lipid-containing RNs display signal loss on out- 
of- phase T1-weighted images in comparison 
with in-phase images (Fig. 2). Steatotic RNs are 
usually multiple; a single fatty nodule is sugges-
tive of a dysplastic or malignant process (Hanna 
et al. 2008).

Siderotic nodules (SNs) are iron-containing 
nodules which develop in a cirrhotic liver 
(Mitchell et al. 1991).

Even in the absence of systemic iron storage 
diseases such as hemochromatosis, iron can 
accumulate within regenerative or dysplastic 
nodules (DNs) in a cirrhotic liver (Zhang and 
Krinsky 2004). In systemic iron storage diseases, 
the mechanism of iron deposition (siderosis) 
within reticuloendothelial cells, mobilizing iron 
from damaged hepatocytes, has been identified; 
however, in a cirrhotic liver, the process of SN 

formation remains uncertain. Active viral replica-
tion and transferrin receptor abnormalities prob-
ably play a role. Although a small percentage of 
SNs are dysplastic, approximately 25% of all 
DNs are also SNs (Elsayes and Shaaban 2015; 
Terada and Nakanuma 1989). Moreover, dysplas-
tic SNs are premalignant lesions while regenera-
tive SNs are markers for severe viral or alcoholic 
cirrhosis. Therefore, the diagnosis of iron content 
is clinically important. The relationships between 
hepatic iron deposition and hepatic fibrosis, cir-
rhosis and neoplasia are also not fully understood 
(Krinsky et al. 2001; Breitkopf et al. 2009).

Magnetic resonance imaging is currently 
unable to differentiate siderotic RNs from sider-
otic DNs (Krinsky et al. 2000), and the associa-
tion of SNs and malignancy remains controversial. 
According to some published series, patients 
with SNs do not show an increased risk of devel-
oping DNs or HCC (Zhang and Krinsky 2004; 
Krinsky et  al. 2002), but other authors have 
reported that SN can be precursors of HCC in 
patients with chronic liver diseases (Terada et al. 
1990; Siegelman et al. 1996; Ito et al. 1999) and 
that the incidence of HCC is higher in patients 
with iron-containing nodules than in those with-
out (Krinsky et  al. 2000). Whenever iron- free 
foci are found within an SN in liver cirrhosis, 
these foci should be considered as early HCCs or 
borderline lesions showing an expansive growth 
pattern (Zhang and Krinsky 2004); the finding of 
the displacement of iron within a nodule by focal 
tumour growth is a sentinel of HCC (Elsayes and 
Shaaban 2015; Krinsky et al. 2001; Sadek et al. 
1995). Therefore, the diagnosis of SNs and iron- 
free nodules in the cirrhotic liver is clinically rel-
evant for the early detection of HCC.

On CT, SNs occasionally show high attenua-
tion on unenhanced images which can be misin-
terpreted on the arterial phase as lesion 
hyperenhancement. In these nodules, both arte-
rial hyperenhancement and washout are absent. 
Therefore, only the combined evaluation of unen-
hanced images and post-contrast behaviour 
allows the proper characterization of SNs.

On MRI, SNs usually appear hypointense 
on T1-weighted images, depending on the 
degree of iron accumulation and the exact 
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imaging parameters (Fig.  3) (Siegelman and 
Chauhan 2014). Furthermore, SNs have 
decreased SI in long- echo chemical-shift gra-
dient-echo sequences. A pitfall of MRI is mis-
interpreting susceptibility from iron content 

within SNs as areas of washout appearance 
(Brancatelli et al. 2007): therefore, it is impor-
tant to evaluate the unenhanced T1- and T2*-
weighted images in which SNs appear 
hypointense. T2*-weighted imaging is 

Fig. 1 Regenerative nodule with glycogen content on 
MRI. T2-weighted image (a) demonstrating the absence 
of focal lesions. T1-weighted “in-phase” (b) and “out-of- 
phase” (c) images showing a hyperintense nodule in liver 

segment VIII (arrows), as a result of the glycogen content, 
with no changes during arterial (d), portal (e), delayed (f) 
and hepatobiliary (g) phases. Diffusion-weighted image 
(h) revealing no diffusion restriction of the nodule

a b

c
d

e
f
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currently the most sensitive MRI technique for 
detecting SN in the liver having a reported 
80% sensitivity and 95% specificity. MRI is 
therefore helpful in the follow-up in monitor-

ing the distribution and the amount of iron con-
tent over time: this could allow the detection of 
early HCC developing within a DN (Kudo 
2009; Park and Kim 2011; Chen et al. 2012).

g h

Fig. 1 (continued)

a b

c

Fig. 2 Regenerative nodule with fat content on 
MRI.  T2-weighted image (a) demonstrating a round 
isointense focal lesion in segment II.  T1-weighted “in- 
phase” (b) and “out-of-phase” (c) images revealing a 

hyperintense nodule (arrows) at segment II with dropout 
in signal intensity in “out-of-phase” images, due to con-
spicuous fat content
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Severe long-standing portal deprivation with 
portal obliterative changes, as observed in chronic 
PVT, or in cases of venous outflow obstruction, 
such as in Budd–Chiari Syndrome, produce a pro-
gressive and reactive compensatory increase in 

hepatic arterial perfusion (“arterial buffer 
response”), causing the secondary onset of nodu-
lar regenerative hyperplasia (NRH) of the liver tis-
sue (Cazals-Hatem et  al. 2003) and large 
regenerative nodules (LRNs, also called focal 

Fig. 3 Multiple siderotic nodules on MRI. T2-weighted 
image (a): no evidence of focal lesions. T1-weighted “in- 
phase” image (b) showing multiple tiny hypointense nod-
ules (arrows) due to their siderotic content, appearing 
isointense on the T1-weighted “out-of-phase” image (c), 

with no changes during the arterial (d), portal (e), delayed 
(f) and hepatobiliary (g) phases. Diffusion-weighted 
image (h) revealing the absence of diffusion restriction of 
the nodules

a b

c
d

e f
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nodular hyperplasia (FNH)-like lesions (Kondo 
2001; Brancatelli et al. 2002a, b). In the same liver, 
a continuous spectrum of nodular regenerative 
lesions, such as NRH and LRNs (Park and Kim 
2011; De Sousa et al. 1991), always coexists. Their 
pathogenesis is similar to FNH development as 
proposed by Wanless et  al. (1985) in livers with 
syndromic vascular malformations, leading to por-
tal deprivation and subsequent enlargement of the 
hepatic artery. In support of the vascular pathoge-
netic hypothesis, Steiner et al. also noted that NRH 
is frequently associated with severe congestive 
heart failure, hypothesizing that patients with car-
diovascular disease, especially right heart failure, 
could develop liver NRH as a consequence of 
venous outflow impairment, sinusoidal–portal 
flow reduction and compensatory increase in the 
hepatic arterial flow (Steiner 1959).

According to the International Working Party 
classification (International Working Party 1995), 
NRH is defined as monoacinar nodules, undetect-
able at imaging, unlike multiacinar nodules, such 
as LRNs, clearly identified on both CT and MRI.

Nodular regenerative hyperplasia is a benign 
liver disease, macroscopically characterized by 
multiple small regenerative nodules of variable 
dimensions, ranging from 1 to 15 mm. The main 
cause of NRH is a normal liver with blood flow 
disturbance (also due to myeloproliferative and 
rheumatologic disease, organ transplantation and 
classes of drugs). In patients with NRH, unlike 
LRNs, no enhancing liver lesions can be detected 
on imaging (Ames et al. 2009).

Large regenerative nodules are benign multi-
acinar regenerative nodules, usually multiple, 
containing more than one portal tract, located in 
a liver which is otherwise abnormal, either with 
cirrhosis or with severe portal vein disease, 
hepatic veins or sinusoids. Large regenerative 
nodules are distinctly larger than the majority of 
cirrhotic nodules in the same liver, at least 5 mm 
in diameter (International Working Party 1995). 
They are also associated with some systemic 
disease, such as chronic vascular disease (poly-
arteritis nodosa), rheumatologic disease (Felty 
syndrome, rheumatoid arthritis, scleroderma, 
telangiectasia), systemic lupus erythematosus, 
lymphoproliferative disorder (Hodgkin lym-
phoma and non-Hodgkin lymphoma, chronic 
lymphocytic leukemia), myeloproliferative dis-
order (polycythemia vera, chronic myeloid leu-
kemia, myeloid metaplasia), hepatic vascular 
disease (Budd Chiari syndrome, sinusoidal 
obstruction syndrome) and drugs (steroids, che-
motherapy, immunosuppressors and contracep-
tives) (Wanless 1990; Stromeyer and Ishak 
1981). In contrast to NRH, LRNs are clearly 
depicted at imaging since, on MRI, they appear 
hyperintense to the liver in T1-weighted images 
due to the presence of copper within the nod-
ules, and isointense or hypointense on 
T2-weighted images (Wanless et al. 1990). On 
post-contrast CT and MRI, LRNs typically 
enhance in the arterial phase and might poten-
tially be misdiagnosed as HCCs; the differential 
diagnosis relies on the persistent enhancement 

g h

Fig. 3 (continued)
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in the portal and delayed phases with absent 
washout in LRN unlike HCC (Vilgrain et  al. 
1999; Takayasu et al. 1994). However, there is 
little evidence to suggest that LRNs are prema-
lignant or evolve into HCC (Stromeyer and 
Ishak 1981). In the HB phase of MRI, hyper-

plastic hepatocytes, such as those in LRNs 
which often contain ductular proliferation 
(Tanaka and Wanless 1998), appear isointense 
or more often hyperintense as compared to the 
 normal parenchyma, unlike HCC (Fig.  4) 
(Renzulli et al. 2011).

Fig. 4 Large regenerative nodule on MRI. T2-weighted 
image (a) demonstrating no hyperintense focal lesions. 
T1-weighted “in-phase” (b) and “out-of-phase” (c) 
images revealing a hyperintense nodule at segment VII 

(arrows). Arterial phase (d) showing nodule hyperen-
hancement, persistent (arrows) during the portal phase 
(e), additionally increasing in the hepatobiliary phase 
(arrow) (f)

a b

c d
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4  Perfusion Defects 
Due to Third Inflow

The third inflow is a non-portal blood venous sys-
tem with hepatopetal flow. This system vascular-
izes some parenchymal regions of the liver and 
deprives these districts of the nutritional contents 
deriving from the absorption of the small intestine 
which characterizes the portal blood. The third 
inflow represents approximately 1–5% of the total 
liver inflow and includes the following veins 
(Fig.  5) (Itai and Matsui 1999; Couinaud 1988; 
Yoshimitzu et al. 2001; Kobayashi et al. 2010):

 (a) Cholecystic vein branches which penetrate 
the hepatic parenchyma in segments IV and 
V and flow into the parabiliary system at the 
porta hepatis. They drain the gallbladder and 
extrahepatic bile ducts.

 (b) Parabiliary venous system (Couinaud sys-
tem) is a network of venules which goes up to 
the hepatic hilum, near the hepatoduodenal 
ligament and the main portal trunk, together 
with the biliary ducts and arterial branches. It 
originates from the pyloric–pancreatic–duo-
denal veins and penetrates the hepatic paren-
chyma of segments I and IV.  It drains the 
gastric antrum, duodenum and pancreas.

 (c) Sappey’s aberrant right gastric vein which 
originates from the gastric antrum, runs 
within the hepatogastric ligament and enters 
the hepatic parenchyma at the hilum, anasto-
mosing with the left portal branch, perfusing 
segments II, III and IV. It drains the stomach 
and the gastric antrum. In portal hyperten-
sion, the reduced portal inflow can cause the 
compensatory enlargement of this right gas-
tric vein, with reversed flow.

 (d) Paraumbilical veins, which originate in the 
abdominal wall around the umbilical region, 
run near the round ligament to drain into the 
left portal branch. In patients with portal 
hypertension (PH), these collaterals fre-
quently dilate and become an efferent system 
with hepatofugal flow.

The blood coming from the third inflow enters 
the hepatic sinusoids at a different rate as com-
pared to the portal blood flow, thus diluting the 
portal blood flow after contrast media adminis-
tration, leading to potential hypovascular or 
hypervascular pseudolesions. Hypovascular 
pseudolesions are created by delayed, diluted or 
missed perfusion. Hypervascular pseudolesions 
are visible during the arterial phase as hyper-
dense/hyperintense on CT/MRI and as perfusion 

e f

Fig. 4 (continued)
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a b

c d

e f

Fig. 5 Non-portal venous system: Third inflow (a) and 
liver portions involved in the corresponding perfusion 
defects (b; view from below). Drawing showing the 
hepatic segments drained by the cholecystic veins (c), the 

parabiliary venous system (Couinaud system) (d), the 
Sappey’s aberrant right gastric vein (e) and the paraum-
bilical veins (f). Modified from Itai and Matsui 1999; 
Yoshimitzu et al. 2001; Kobayashi et al. 2010
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defects during the portal phase (because the 
drainage of the third inflow is faster than that of 
the portal flow) (Fig. 6).

Liver segments I and IV have a higher fre-
quency of portal branch anomalies; during 
embryogenesis, these two segments have a later 
portal vein development (32–34th day of preg-
nancy) than the other segments (26–28th day of 
pregnancy).

Three main types of hepatic pseudolesions are 
directly correlated with the non-portal venous 
system (third inflow): THAD/THID, focal steato-
sis and focal fat sparing. Each of these hepatic 
pseudolesions is systematically analysed in the 
corresponding paragraph.

5  Transient Hepatic 
Attenuation Difference 
(THAD) and Transient 
Hepatic Intensity Difference 
(THID)

Transient hepatic attenuation differences 
(THADs) are areas of liver parenchymal enhance-
ment during the arterial phase of multiphasic CT 
of the liver. It is a physiological phenomenon due 
to the dual supply of the liver, with a localized 
disparity in hepatic arterial (relatively increased) 
versus portal venous blood supply (decreased), 
thus giving a higher attenuation to the affected 
region. Transient hepatic intensity differences 

a b

c

Fig. 6 THID due to third inflow venous system. Arterial 
phase image (a) shows a triangular area of enhancement 
involving the dorsal portion of segment III (arrow) due to 

the faster drainage of the Sappey’s aberrant right gastric 
vein. The same area appears isointense in portal (b) and 
delayed (c) phase images
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(THIDs) are the corresponding findings during 
the arterial phase of dynamic MRI.  Therefore, 
THADs/THIDs derive from regional variations 
in the portal and arterial supply, due to local 
inflow and outflow disorders.

5.1  Hepatic Inflow Disorders

These can be due to: (a) a reduction in portal 
blood inflow; (b) spontaneous or iatrogenic arte-
rioportal shunts (APSs); (c) an increase in hepatic 
artery inflow and (d) outflow reduction.

5.1.1  Reduction of Portal Inflow
THIDs/THADs are due to intrinsic portal vein 
(PV) obstruction from extrinsic hepatic paren-
chymal compression and/or biliary obstruction.

Portal vein obstruction can be due to throm-
bosis from several causes, such as pylephlebitis, 
invasion/compression of the portal vein by 
tumours (HCC or cholangiocarcinoma), infection 
or surgical ligation. Portal vein obstruction is 
responsible for a physiological mechanism char-
acterized by a compensatory increase in arterial 
flow (“arterial buffer response”) (Fig. 7). After a 
reduction in PV inflow, hepatocytes secrete ade-
nosine and vasopressin mediators which activate 
the local autonomic nervous system, with conse-
quent vasodilation of the hepatic artery and 
increased arterial perfusion into the correspond-
ing parenchyma. A 19% reduction in portal 
inflow induces a vasopressin-mediated increase 
in arterial flow of about 83%.

Liver parenchymal compression, by the ribs, 
diaphragm, expansive lesions, perihepatic 

a b

c d

Fig. 7 Large triangular THID involving the entire seg-
ment VII (arrows) due to bland PVT. Arterial phase image 
(a) showing a large hyperintense wedge-shaped area with 
persistent enhancement (arrows) during the delayed arte-
rial phase (b) and the portal phase (c) images (arrows). 

Delayed phase image (d) demonstrates the recovery of 
isointensity in the same area as compared to the adjacent 
parenchyma. Right portal branch thrombosis is evident in 
the portal phase image (c)

R. Golfieri et al.
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peritoneal collections or pseudomyxoma peritonei, 
can lead to a regional decrease in portal blood 
inflow since the portal system is a low-pressure 
system and is therefore susceptible to extrinsic 
compression and to local THAD and THID forma-
tion. In these cases, THADs/THIDs are reversible 
and disappear after the resolution of the compres-
sive causes (Yoshimitsu et al. 1999).

Biliary obstruction may also result in 
decreased portal venous flow by means of 
obstruction of the peribiliary plexus and can 
cause THADs or THIDs (Itai and Matsui 1997).

5.1.2  Hepatic Arterioportal Shunt 
(APS) or Iatrogenic Fistula

Hepatic arterioportal shunt (APS) or iatrogenic 
fistula is the communication between a hepatic 
arterial branch and the portal venous system 
resulting in a redistribution of arterial flow in a 
parenchymal area usually perfused by portal 
blood flow. Arterioportal shunts can have an iat-
rogenic origin, occurring after liver biopsies 
(Fig. 8) or locoregional treatments (percutaneous 
ethanol injection, thermal ablation and intra- 
arterial treatments) (Fig. 9) and can also develop 

as a consequence of tumours (especially HCC), 
cirrhosis or trauma.

Arterioportal shunts are usually undetected on 
grey scale ultrasound (US) but can be diagnosed 
at Doppler US as a reverse, hepatofugal flow in 
the portal branch involved parallel to the feeding 
artery.

Arterioportal shunts can occur through a mac-
roscopic fistula between a large hepatic arterial 
branch and a large portal branch; they can be 
detected at contrast-enhanced CT/MRI imaging 
as the simultaneous opacification of arteries and 
portal branches during the arterial phase (Itai and 
Matsui 1997) (Fig. 8).

On dynamic CT/MRI, APSs are typically 
responsible for areas of parenchymal misperfu-
sions appearing as homogeneously hyperdense/
hyperintense during the arterial phase and 
isodense/isointense during the portal and delayed 
phases. These areas usually have sharp margins 
and have no mass effect on the hepatic structures 
(bile ducts or blood vessels); they are usually 
stable at imaging follow-up (Galia et al. 2014).

Low flow APSs can show a “dot-like” vascu-
lar structure consisting of a portal branch strongly 

a b c

Fig. 8 Large iatrogenic fistula after liver biopsy and 
THADs. Arterial phase images (a–c) in different axial 
planes showing a large hyperenhancing triangular area 
involving segment V (arrows) with early enhancement of 

the corresponding portal branch. This area includes early 
retrograde enhancement of a large portal branch during 
the arterial phase of multiphasic CT. Note the hypodense 
line anterior to the THAD due to the biopsy (arrowhead)
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enhancing during the arterial and venous phase in 
the middle of a parenchymal triangular-shaped 
hypervascular pseudolesion (Fig.  10) (Yu et  al. 
1997). Differentiation from a true malignant liver 
lesion, such as HCC, relies on the findings of the 
triangular appearance of the hypervascular area, 
the “sharp margin sign” and the absence of mass 
effect.

Depending on the size of an arterioportal fis-
tula, the capacity of the draining portal vein can 
be worsened by the high-pressure hepatic artery 
inflow. In small arterioportal shunts, shunted 
hepatic artery blood joins the adjacent portal 
vein bloodstream without disturbing flow in the 

more proximal portal vein branches (Fig.  11). 
Conversely, inflow from a large arterioportal fis-
tula can overload the capacity of the intrahe-
patic portal venous system and precipitate 
hepatofugal flow in the main portal vein. In the 
latter case, shunted hepatic artery blood is 
divided between two routes: (a) the sinusoids, 
exiting via hepatic veins and (b) the portal vein 
with reversed flow, reaching the systemic circu-
lation via portosystemic collateral vessels so 
that the liver is only perfused by arterial blood, 
and a condition of secondary portal hyperten-
sion (PH) can be created (Wachsberg et  al. 
2002; Bookstein et al. 1982).

a b

c d

Fig. 9 THAD following trans-arterial chemoemboliza-
tion (TACE). Unenhanced-CT image (a) demonstrating 
round, well-defined lipiodol accumulation in segment VI 
(arrows) as a result of previous TACE treatment. Arterial 
phase CT image (b) showing a hypervascular triangular 

area (arrowhead) downstream of the lipiodol accumula-
tion, without mass effect and with persistent enhancement 
(arrowhead) during the portal phase image (c), recovering 
isodensity on the delayed phase (d)
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In the presence of a liver tumour, the morphol-
ogy of the fistula depends on the site of the 
tumour in relation to the portal system (Itai and 
Matsui 1997). When the tumour is located in the 
apex of the THADs/THIDs, the reduction of the 
portal flow is caused by portal compression and 
the THADs/THIDs have a trapezoidal or a fan 
shape (Fig. 12). When the tumour causes throm-
bosis of a proximal portal vein, THADs/THIDs 
are wedge-shaped, and the tumour is located 
within the perfusion defect (“Shaded area”), and 
is therefore partially hidden within the perfusion 
defect in the arterial phase of CT/MRI studies 
(Fig. 13). Therefore, THADs/THIDs can always 
be considered as possible sentinel signs of an 
underlying HCC (Itai and Matsui 1997; Chen 
et al. 1999a).

An APS can also occur through a trans-vessel 
shunt from neoplastic thrombus, due to the intra-
tumoural neo-angiogenesis of the vasa vasorum, 
which is responsible for the typical aspect of the 
“thread and streaks sign” during the arterial phase 
on contrast-enhanced imaging (Itai and Matsui 
1997).

The morphology of THADs/THIDs differs 
according to the modality of CT/MR recon-
structions since, in the axial acquisitions, they 
can appear as round or oval lesions; therefore, 
the combined evaluation of 2D and 3D is man-
datory (Fig. 14) (Itai and Matsui 1997). The dif-
ferentiation of a round-shaped enhancing 
pseudolesion due to THADs/THIDs from 
hypervascular lesions, such as HCC, in a cir-
rhotic liver is mandatory. In fact, in cirrhotic 

a b

c d

Fig. 10 Large THAD with the «dot sign». 
Unenhanced-CT (a) reveals a hypodense trapezoidal area 
in segment VIII with sharp margins (arrow). The arterial 
phase (b) shows a hyperattenuation of this area (arrow) 

with an internal round, well-defined more hypervascular 
spot (dot sign) (arrowhead), referring to the early enhance-
ment of a peripheral portal vein. Portal (c) and delayed (d) 
phases reveal the restored parenchymal attenuation
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patients, a focal hypervascular finding has a 
70% probability of being benign and the major-
ity of these are THADs/THIDs due to APSs 
(Wachsberg et al. 2002; Yu et al. 2000; Shimizu 
et  al. 2003; O’Malley et  al. 2005; Kim et  al. 
2015). The clue to differentiating round-shaped 
enhancing pseudolesions due to THADs/THIDs 
from HCC is the absence of wash-out during the 
portal and delayed phases, without capsule 
appearance or mass effect on the liver struc-

tures. On MRI, HCC, unlike APSs, is usually 
slightly hypointense on T1-weighted images 
and mildly hyperintense on T2-weighted 
images, round-shaped and it has an evident 
mass effect on the adjacent liver structures 
(Vilgrain et  al. 2016). Moreover, on MRI per-
formed with HB contrast agents, THADs/
THIDs due to APSs appear isointense to the 
liver parenchyma in the HB phase images, 
whereas HCC is markedly hypointense (Ronot 

a b

dc

Fig. 11 Spontaneous arterioportal shunt (APS) in cirrho-
sis. CT shows a small hyperenhancing area in segment 
VIII (arrow) during the arterial phase (a), isodense to the 
adjacent parenchyma in the portal phase (b). The follow-

ing angiography confirms the early enhancement of a 
peripheral portal branch (arrow) during the arterial phase 
(c) having a pseudonodular shape (arrow) in the parenchy-
mal phase of the study (d), pathognomonic for APS
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et al. 2017). In very few cases (5–15%), THADs/
THIDs due to APSs appear slightly hypointense 
on the HB phase of MRI, but the level of SI is 
always higher than in HCCs (Sun et  al. 2010; 
Motosugi et al. 2010).

Iatrogenic intrahepatic arterial–portal fistula is 
not a rare complication of liver puncture and tran-
shepatic manipulative procedures, or also after 
percutaneous ablations or intra-arterial treat-
ments (chemoembolization or radioemboliza-
tion) of liver tumours (Figs. 8 and 9). It has been 
reported as a sequela of liver biopsy in about 5% 
of cases and after transhepatic cholangiography 
and biliary catheterization in up to 26% of cases 
(Okuda et al. 1978). However, APSs after biopsy 
tend to resolve spontaneously. Hellekant et  al. 
reported that the frequency of finding APSs 
depends on the interval between biopsy and 
imaging detection; the incidence was as high as 
50% in <1 week, dropping to 10% after 1 week 
(Hellekant 1976). Iatrogenic causes (e.g. percuta-
neous liver biopsy) represent more than 50% of 
published cases of APSs (Fig. 8). Similarly, after 
successful intra-arterial treatment, the necrotic 
tumoural area can induce direct communication 
between the arterial and the portal radicles at the 

periphery of the treated area, creating an APS 
(Fig. 9). The majority of APSs resolve spontane-
ously within a few months as they are small and 
peripherally located. In rare instances, when 
APSs are centrally located, clinical symptoms 
develop (Lee et  al. 1997). There have been 30 
reported cases of symptomatic intrahepatic APSs 
following percutaneous liver biopsy. Hepatic 
arterioportal fistulae can result in portal hyper-
tension secondary to arterial blood flowing 
directly into the portal vein, bypassing the hepatic 
sinusoids.

Iatrogenic APS is evident in contrast-enhanced 
imaging as a peripheral fan-shaped, sharply mar-
gined THAD/THID as previously described.

5.1.3  Increase in Hepatic Arterial 
Blood Flow

Increase in hepatic arterial blood flow can be 
caused by tumour or inflammation. Almost all 
hepatic tumours, including benign lesions such 
as hemangiomas, are vascularized by the hepatic 
artery (both hypervascular and hypovascular 
tumours). The increase in hepatic arterial flow to 
the tumour can also lead to an increase in 
arterial flow to the adjacent parenchyma (“steal 

a b

Fig. 12 Relationship between the morphology of the fis-
tulae caused by a tumour and the site of the tumour in 
relation to the portal system. Drawing showing a trapezoi-
dal- or fan-shaped THAD/THID when the tumour is 

located in the apex (a) or a wedge-shaped THAD/THID 
when the tumour causes proximal portal thrombosis and is 
located within the perfusion defect (“shaded area”) (b). 
Modified from Itai Y, Radiology 1997
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phenomenon”), responsible for THAD/THID 
appearances (Gryspeerdt et  al. 1997; Itai et  al. 
1995; Chen et  al. 1999b). The most frequent 

inflammatory causes of increase in the hepatic 
arterial blood flow are cholecystitis or hepatic 
abscess.

Fig. 13 THID and “shaded area” on MRI. T2-weighted 
(a) and T1-weighted “in-phase” (b) and “out-phase” (c) 
images demonstrating no definite focal lesions. The arte-
rial phase image (d) shows a hyperenhancing wedge- 
shaped area (arrow), fully involving segment II.  Within 
this area is included a nodular HCC (arrowhead) which is 

more evident only due to the washout on the portal and 
delayed phases (e–f) and due to hypointensity on the hep-
atobiliary phase image (arrowhead) (g). Diffusion- 
weighted image (h) reveals restriction (arrowhead) of the 
nodule

a b

c
d

e

f

R. Golfieri et al.



247

5.2  Hepatic Outflow Disorders

Outflow disorders inducing a reduction in 
hepatic vein flow can also be responsible for 
THIDs/THADs. The increase in sinusoidal pres-
sure due to outflow blockade produces a portal 

flow reduction which becomes hepatofugal, and 
inversion of the pressure gradient between sinu-
soids and the portal vein system; sinusoidal 
stasis stimulates adenosine secretion from hepa-
tocytes with subsequent arterial vasodilatation 
and an increase in the arterial flow (Murata et al. 

g h

Fig. 13 (continued)

Fig. 14 Relationship 
between the appearance 
of a THAD/THID on 
CT/MRI and the 
modality of 
reconstructions: 2D or 
3D. Modified from Itai 
Y, Radiology 1997
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1995). The main causes of outflow impairment 
can be functional, such as right heart failure, 
pulmonary hypertension, pericardial disease and 
mediastinal fibrosis, or organic, such as 
Budd–Chiari syndrome and sinusoidal obstruc-
tion syndrome (SOS). Complications of Budd–
Chiari syndrome and SOS are hepatomegaly, 
portal hypertension, ascites, jaundice and then 
cirrhosis (DeLeve et al. 2002).

A pathognomonic CT/MRI pattern of the out-
flow disorders is heterogeneous enhancement 
after contrast media administration, with the typi-
cal “patchy pattern”, due to hyperdense/hyperin-
tense blood not diluted in the lobules and 
hypodensity/hypointensity surrounding the por-
tal triad.

Patients with these hemodynamic changes can 
frequently develop benign LRNs over time 
(Vilgrain et al. 1999).

6  Hemangioma in Cirrhosis

Liver hemangiomas are the most common pri-
mary benign liver lesions; they are usually small 
and are encountered in patients with a normal 
liver, having an incidence as high as 20% 
(Karhunen 1986). Hemangiomas are less fre-
quently seen in a cirrhotic background due to the 
distorted architecture of a fibrotic liver 
(Brancatelli et al. 2007, 2001; Duran et al. 2015). 
Some authors have also demonstrated that hem-
angiomas can become smaller in a liver which is 
developing cirrhosis (Duran et  al. 2015; 
Mastropasqua et  al. 2004). The hallmark of a 
hemangioma is excessive angiogenesis followed 
by the regression and inhibition of new blood 
vessel formation (Makhlouf and Ishak 2002). 
The diagnosis of a cavernous hemangioma can be 
obtained on MRI, identifying a very high SI on 
T2-weighted images (equal to that of gallbladder 
bile content or cerebrospinal fluid) combined 
with the typical vascular pattern at dynamic CT/
MRI of discontinuous, peripheral, globular 
enhancement at initial imaging in the arterial 
phase, with progressive centripetal enhancement 

in the portal and delayed phases (Fig.  15) 
(Brancatelli et al. 2007). In cirrhosis, larger hem-
angiomas maintain the typical peripheral, discon-
tinuous nodular enhancement pattern and can be 
diagnosed confidently (Itai et al. 1995). In fact, 
Mastropasqua et  al. (2004) have demonstrated 
that the hallmarks of hemangiomas did not differ 
in normal livers as compared to patients with 
chronic liver disease or cirrhosis. Therefore, the 
differentiation between hemangiomas and HCC, 
even in cirrhotic livers is relatively easy since 
dynamic contrast-enhanced imaging can show 
the peripheral nodular enhancement, with subse-
quent central fill-in and sustained enhancement 
of the delayed phases (Brannigan et al. 2004).

During the follow-up, in cirrhotic livers, hem-
angiomas can develop scarring, becoming more 
fibrotic; they usually decrease in size and can be 
difficult to correctly diagnose at imaging 
(Brancatelli et al. 2007; Itai et al. 1995).

Therefore, the characterization of a lesion in a 
cirrhotic liver, such as hemangiomas, should be 
made with caution and only when classic imag-
ing features are detectable.

6.1  Fast-Filling Hemangiomas

An infrequent type of hemangioma is the “fast- 
filling hemangioma”, also called “capillary” or 
“flash-filling” hemangioma. On imaging, unlike 
the cavernous type, it shows complete and homo-
geneous enhancement during the arterial phase 
without globular enhancement and without a cen-
tral fill-in pattern. In these cases, the diagnosis 
can be uncertain and differentiating them from 
HCC can be challenging (Jang et al. 2003).

On grey scale US, hemangiomas are hyper-
echoic but, in rare cases, especially in patients 
with a fatty liver, they can appear isoechoic, 
hypoechoic or even with a mixed echogenicity 
(Yu et al. 2000).

The arterial phase of contrast-enhanced US 
(CEUS) can be useful in showing the real-time 
globular enhancement of fast-filling hemangio-
mas with very rapid central fill-in (Kim et  al. 
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Fig. 15 Cavernous hemangioma on MRI.  T2-weighted 
image (a) depicts a round strong hyperintense lesion at 
segment VII (arrow), hypointense on T1-weighted images 
(arrows) (b, c). Dynamic study after contrast administra-
tion shows the typical peripheral and globular enhance-

ment (arrows) (d, e) followed by a central enhancement 
on the delayed phase (arrow) (f), with hypointensity dur-
ing the hepatobiliary phase (arrow) (g). Diffusion- 
weighted image reveals evident diffusion restriction of the 
lesion (arrow)
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2006; Jang et al. 2009a, b; Wilson et al. 2008). 
However, an important limitation of this tech-
nique is that sometimes these pseudolesions can 
show a mild washout during the portal or delayed 
phases, caused by microbubble destruction due to 
continuous ultrasound scanning (Bhayana et  al. 
2010).

On contrast-enhanced CT/MRI, both fast- 
filling hemangiomas and small HCCs show 
hypervascularity in the hepatic arterial phase. 
However, hemangiomas demonstrate a strong 
homogeneous enhancement analogous to that of 
the aorta or other arterial vessels in the arterial 
phase and similar to the portal vein during the 
portal phase. Conversely, HCC usually exhibits a 
milder enhancement during the arterial phase 
coupled with the typical wash out of contrast 
media during the portal and delayed phase images 
(Galia et al. 2014).

On MRI, a typical pattern of all hemangiomas 
is a strong hyperintensity on T2-weighted images 
(the “light bulb sign”) useful in the differentia-
tion with HCC, which usually shows only a mild 
hyperintensity (Tamada et al. 2011).

Therefore, the MRI key findings for the diag-
nosis of fast-filling hemangiomas are strong 
hyperintensity on T2-weighted images and 
enhancement parallel to that of the aorta in the 
arterial phase, with persistent enhancement in the 
delayed phase (Fig. 16) (Ronot et al. 2017). Other 
imaging features can include the presence of 
hepatic THIDs/THADs at its periphery due to the 
sump effect (Fig. 17).

Smaller, fast-filling hemangiomas can be dif-
ficult to differentiate from small HCC in the HB 
phase of MRI. (Doo et al. 2009; Goodwin et al. 
2011; Francisco et  al. 2014; Kim et  al. 2016; 
Dioguardi Burgio et  al. 2016) since hemangio-
mas can exhibit a “pseudo-washout” in the transi-
tional and HB phases (20 min), with the lesion 
appearing hypointense relative to the surround-
ing parenchyma due to the rapid uptake of 
Gd-EOB-DTPA by the background parenchyma 
(Doo et al. 2009). Radiologists should be aware 
of this possibility while evaluating patients with 

cirrhosis. However, the “pseudo-washout” phe-
nomenon of a hemangioma is more gradual than 
the true washout in malignant tumours, and atten-
uation on CT images and SI on MRI typically 
parallels the enhancement of the blood pool in all 
phases of contrast enhancement, thus helping in 
differentiating between hemangiomas and HCC 
(Kim et al. 2016). The DWI sequences are also of 
great help; the majority of hemangiomas have the 
“T2 shine-through effect”, which refers to a high 
signal on DWI which is not due to restricted dif-
fusion, but rather to a high T2 signal which 
“shines through” to the DWI.  The “T2 shine- 
through effect” occurs because of the long T2 
decay time in some normal tissue. However, 
Duran et al. have shown that a T2 shine-through 
effect is less common in flash-filling hemangio-
mas than in other hemangiomas (Duran et  al. 
2014).

6.2  Sclerosed Hemangiomas

Hemangiomas undergoing degeneration and 
fibrous replacement are called sclerosed heman-
giomas (Brancatelli et al. 2009). Several imaging 
findings of sclerosed hemangiomas have been 
described in different series, such as the lack of 
early enhancement, gradual and persistent mild 
peripheral enhancement (Doo et  al. 2009; Kim 
et al. 2016; Brancatelli et al. 2009; Itai and Saida 
2002) and mild hyperintensity on T2-weighted 
images, much lower than typical hemangiomas 
(Brancatelli et al. 2009). Other imaging features 
include geographic margins, capsular retraction, 
decrease in size over time, presence of hepatic 
THIDs/THADs at their periphery and loss of pre-
viously seen regions of enhancement at follow-
 up (Goodwin et  al. 2011). However, these 
imaging findings are non-specific and, therefore, 
correct differentiation from malignant tumours is 
difficult (Itai and Saida 2002); in the majority of 
cases, sclerosed hemangiomas are diagnosed 
only by pathologists after biopsy or surgical 
excision.
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Fig. 16 Fast-filling hemangioma on MRI. T2-weighted 
image (a) depicts a small strong hyperintense lesion at 
segment VI (arrow), hypointense on T1-weighted images 
(arrows) (b, c). Dynamic study after contrast administra-
tion shows complete and rapid filling-in (arrow) during 

the arterial phase (d), persisting during the portal and 
delayed phases (arrows in e, f) and hypointensity on the 
hepatobiliary phase (arrow) (g). Diffusion-weighted 
image (h) confirms evident diffusion restriction of the 
lesion (arrow)
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Fig. 16 (continued)

Fig. 17 Fast-filling (or capillary) hemangioma with 
peripheral THID and focal fat sparing area on 
MRI. T2-weighted image (a) shows a small strong hyper-
intense lesion in segment VIII (arrow), hypointense on 
T1-weighted images (arrows) (b, c), on the apex of a 
wedge-shaped area (arrowhead) hyperintense on the 
T1-weighted “out-of-phase” image (c) as compared to 
adjacent hypointense steatotic parenchyma, appearing 
isointense on the T1-weighted “in phase” image (b), char-
acteristic of a hemangioma with a peripheral focal fat- 

sparing area. The dynamic study after contrast 
administration shows complete and rapid filling-in of the 
hemangioma (arrows) and hyperintensity of the peripheral 
THID (arrowhead) during the arterial phase (d), persisting 
during the portal and delayed phases (arrowheads) (e, f) 
with hypointensity of the hemangioma (arrow) on the 
hepatobiliary phase (g). Diffusion-weighted image (h) 
reveals strong diffusion restriction of the hemangioma 
(arrow)
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7  Pseudomass in Cirrhosis 
and Chronic Portal Vein 
Thrombosis (PVT)

When the main portal vein is obstructed by 
thrombosis, many collaterals are gradually hyper-
trophied in order to provide a compensatory liver 
inflow, forming the “cavernous transformation of 
the portal vein”, also called “portal cavernoma” 
(Chen et al. 2017). In the case of PVT, the “cen-
tral zone” of the liver parenchyma, close to the 
hepatic hilum, preferentially receives the residual 
portal venous flow by collaterals (via the para-
biliary venous system, peribiliary plexus and 
proximal accessory branches of the main portal 
vein) as compared to the peripheral liver which is 
perfused to a lesser degree from a predominantly 
arterial supply, which is thought to occur via 
trans-sinusoidal arterioportal shunts (“zonal per-
fusion” theory). The central zone, including the 

caudate lobe and perihilar hepatic parenchyma 
gradually becomes relatively hypertrophic and 
may simulate a mass-like lesion. Conversely, the 
peripheral zone of the liver gradually becomes 
atrophic, despite the arterial compensation. The 
concept of “central” and “peripheral” zones may 
also be of value in explaining the deformity of a 
cirrhotic liver with portal hypertension since PH 
may induce hemodynamic changes of portal flow 
similar to those seen in portal cavernomas (Itai 
et al. 1994).

These hemodynamic and morphologic 
changes in chronic PVT determine the following 
typical appearances on contrast-enhanced 
CT-MRI imaging; the atrophic peripheral region 
of the liver shows hyperenhancement in the arte-
rial phase, whereas the enlarged central zone dis-
plays hypoenhancement, mimicking a large 
mass. In the delayed phase, the central zone 
shows isoenhancement to the liver (Chen et  al. 
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Fig. 17 (continued)
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2017) helping in the differential diagnosis with 
true lesions. Magnetic resonance imaging with 
hepatospecific contrast media can help in the dif-
ferential diagnosis of pseudomass in chronic 
PVT which is isointense to the surrounding liver 
in the HB phase as compared to true lesions, usu-
ally hypointense (Fig. 18).

8  Confluent Fibrosis

In cirrhotic livers, fibrosis can be diffusely or het-
erogeneously distributed (Galia et  al. 2014). In 
some cases, fibrosis can become focal and con-
fluent due to the coalescence of fibrous tissue, 
with consequent development of large fibrous 
scars (Ohtomo et al. 1993a, b). Confluent fibrosis 
is more frequent in alcoholic cirrhosis and less 
frequent in other etiologies, such as primary scle-
rosing cholangitis or autoimmune chronic hepati-
tis (Vilgrain et al. 2016).

Focal fibrosis is typically wedge-shaped, 
with the base on the subcapsular region, radiat-
ing from the porta hepatis, frequently involv-
ing segments IV, VII or VIII, and associated 
with capsular retraction or focal flattening 
(retraction) of the hepatic capsule (Ohtomo 
et  al. 1993a, b) (Fig.  19). In approximately 
15% of cases, the hepatic vessels can become 
part of (“trapped”) the focal fibrosis, appearing 
irregular but patent (Brancatelli et  al. 2009). 
The typical peripheral location of fibrosis can 
be explained by the zonal perfusion changes 
occurring in cirrhosis, as previously described 
(Breen et al. 2004).

Ultrasound is widely used as a first-line imag-
ing modality in the evaluation of patients with 
cirrhosis. However, measurements of liver echo-
genicity have shown poor accuracy in diagnosing 
fibrosis (Mathiesen et al. 2002).

On CT, fibrosis appears as a wedge-shaped 
region of hypoattenuation on unenhanced images, 
persisting on the arterial and portal venous phases 
which may gradually enhance in the delayed 
phase. This feature is explained by the slow con-
trast accumulation in the extracellular compart-
ment characteristic of the fibrous tissue (Décarie 
et al. 2011).

On MRI, fibrotic septa in cirrhotic livers 
include reticulations surrounding regenerative 
nodules leading to the typical “lace-lake pattern”. 
These fibrous septa are hypointense on 
T1-weighted images and hyperintense on 
T2-weighted images and enhance at the equilib-
rium phase after gadolinium administration. 
Usually, on contrast-enhanced MRI with extra-
cellular agents, unlike HCC, focal fibrosis does 
not enhance during the arterial phase but can 
slightly enhance during the portal phase and 
highly enhance during the delayed phase (Fig. 19) 
(Vilgrain et al. 2016).

In rare cases, focal confluent fibrosis can 
mimic the appearance of an infiltrative HCC 
(Ohtomo et al. 1993a, b) when it shows irregular 
margins and mild enhancement on the arterial 
phase of contrast-enhanced imaging. 
Enhancement during the arterial phase could be 
explained by the associated inflammation 
(Goodwin et  al. 2011), especially in the early 
phase of its development in which confluent 
fibrosis might not be associated with capsular 
retraction (Fig. 20) (Galia et al. 2014; Francisco 
et al. 2014). However, progressive enhancement 
from the arterial to the delayed phases helps in 
differentiating focal confluent fibrosis from infil-
trative HCC, which shows the typical washout 
pattern (Ohtomo et al. 1993a, b). Magnetic reso-
nance imaging with HB agents is less useful than 
MRI with extracellular contrast media in the dif-
ferential diagnosis of focal confluent fibrosis and 
infiltrative HCC since, during the transitional (at 
about 5 min from contrast media injection) and 
the HB (at about 20 min) phases, both focal con-
fluent fibrosis and HCC are typically hypoin-
tense, the first due to the lack of hepatocytes and 
the second due to degenerated hepatocytes. Other 
MRI features could be helpful in differentiating 
confluent fibrosis from HCC: mild hyperintensity 
on T2-weighted images, although some HCCs 
can show the same feature (Ohtomo et al. 1993a, 
b), and a diffusion restriction in DWI, but with an 
apparent diffusion coefficient (ADC) slightly 
higher than that of HCC (Park et al. 2013).

Other imaging characteristics pointing 
towards infiltrating HCC are contour bulging, 
satellite nodules and neoplastic PVT (Dioguardi 
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Fig. 18 Liver pseudomass in the presence of portal cav-
ernoma on MRI.  T2- and T1-weighted images demon-
strating a pseudomass at the hepatic hilum (arrows), 
hyperintense on the T2-weighted image (a) and hypoin-
tense on T1-weighted images (b, c) with hypertrophy of 
segment I (arrowheads). The arterial (d), portal (e) and 

delayed (f) phases confirm the presence of multiple 
dilated vessels at the hepatic hilum (cavernous transfor-
mation of the portal vein (arrows). Hepatobiliary phase 
(g) revealing hypointensity of the pseudomass at the 
hepatic hilum (arrow) with no restriction on the diffusion- 
weighted image (h)
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Fig. 19 Confluent fibrosis on MRI. T2-weighted image 
(a) shows an irregular peripheral hyperintense area 
(arrow) involving segments V and VI, hypointense on 
T1-weighted images (b, c, arrows). Arterial phase (d) 
showing no significant enhancement of this area, distorted 

vessels at its periphery, and late enhancement (arrows) in 
the portal–venous (e) and delayed (f) phases coupled with 
hypointensity (arrow) on the hepatobiliary phase (g). A 
typical mild restriction (arrow) of the entire area is shown 
in the diffusion-weighted image (h)
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Fig. 20 Confluent fibrosis on MRI. T2-weighted images 
(a) demonstrating an irregular strongly hyperintense area 
largely involving segment VII (arrows), hypointense on 
T1-weighted images (b, c, arrows). The dynamic study 
shows hyperintensity of this area (arrows) during the arte-

rial (d) and portal (e) phases, with isointensity (arrow) in 
the delayed (f) phase and hypointensity (arrow) during the 
hepatobiliary (g) phase. Diffusion-weighted image (h) 
reveals a strong diffusion restriction (arrow)
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Burgio et al. 2016; Park et al. 2013), all absent in 
focal confluent fibrosis.

In the absence of these key features for dif-
ferentiating confluent fibrosis from HCC and 
when the differential diagnosis remains uncer-
tain, image-guided biopsy is mandatory (Vilgrain 
et al. 2016).

9  Focal Fatty Changes

Fatty liver disease is a pathological condition in 
which triglycerides accumulate within the 
 cytoplasm of hepatocytes, due to an altered hepa-
tocellular lipid metabolism and a defect in free 
fatty acid metabolic pathways (Brunt and 
Tiniakos 2002; Angulo 2002). Fatty liver disease 
usually does not get worse but, in the final evolu-
tion, it can cause scarring of the liver, which leads 
to cirrhosis.

Two main conditions are responsible for this 
aberrant fat accumulation: alcoholic liver disease 
and non-alcoholic fatty liver disease (NAFLD) 
related to insulin resistance and metabolic syn-
drome. Other less common causes of fat accumu-
lation are viral hepatitis, drug overuse, dietary 
and nutritional abnormalities and congenital 
disorders.

Typically, lipid accumulation affects the cen-
tre of the hepatic lobule, near the central vein, 
and subsequently involves the peripheral zone, 
near the portal triads (Brunt and Tiniakos 2002) 
whereas, in advanced steatosis, the lipid accumu-
lation involves the entire hepatic parenchyma 
(Scheuer and Lefkowitch 2000), frequently with 
inhomogeneous distribution, resulting in the for-
mation of fat sparing areas (i.e. around the gall-
bladder, hepatic hilum, posterior edge of segment 
IV) (Matsui et al. 1995).

Fat-sparing areas in diffuse steatosis involve 
the same regions affected by focal fat accumula-
tion: most frequently the perivascular and sub-
capsular regions, hepatic hilum and along the 
insertion of the falciform ligament (Hamer et al. 
2006; Mathieu et al. 2001). This is explained by 
the different blood supply of these regions where 
portal flow is replaced by the third inflow (see 
corresponding paragraph) (Itai and Matsui 1999). 

The third inflow causes local hemodynamic 
anomalies which produce focal tissue hypoxia; 
the high insulin content in the parabiliary venous 
system and right gastric vein predispose to the 
accumulation of fat into hepatocytes in the terri-
tories perfused by these aberrant veins (Fig. 21).

Focal fatty deposition is often a simple diag-
nosis, due to some key imaging features, such as 
fat content in characteristic areas, absence of 
mass effect on adjacent structures of the liver, 
contrast enhancement similar to those of the 
hepatic parenchyma, irregular margins and geo-
graphic rather than a round-shaped configuration. 
Fat sparing or local fat depositions are small 
areas which are rarely confluent (Angulo 2002).

On US, fat-sparing areas are usually homoge-
nous hypoechoic zones within a bright liver 
background and colour Doppler can reveal a hep-
atopetal flow in the lesion. Contrast-enhanced 
ultrasound is helpful in confirming the benignity 
of these findings, showing normal arterial and 
portal perfusion in the surrounding parenchyma 
(Nicolau and Brú 2004) and an early opacifica-
tion of small venous branches within the lesion, 
during the arterial phase, caused by aberrant 
splanchnic venous drainage. However, focal fat 
depositions are homogeneously hyperechoic on 
US, with normal arterial and portal perfusion as 
compared to the adjacent liver parenchyma on 
CEUS, as in fat-sparing areas.

On unenhanced CT, the diagnosis of a fatty 
liver is based on a liver density lower than 40 
hounsfield units (HU) (Boyce et al. 2010) or an 
attenuation difference higher than 10 HU between 
the spleen and the liver (Alpern et al. 1986). Liver 
parenchyma hypoattenuation relative to the liver 
vasculature establishes the presence of moderate 
to severe fatty liver disease (Hamer et al. 2006). 
On portal phase contrast-enhanced CT, an attenu-
ation difference greater than 25 HU between the 
spleen and the liver suggests fatty liver deposi-
tion (Fig.  22) (Alpern et  al. 1986). However, 
focal fat sparing appears as a hyperdense area in 
a steatotic background, but with normal HU and 
with absent mass-effect on the adjacent vessels.

On MRI, focal fat sparing areas appear isoin-
tense to the liver parenchyma on “in-phase” 
T1-weighted images and hyperintense on 
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“out-phase” T1-weighted images (Fig.  23). 
Nevertheless, focal fat depositions on 
T1-weighted images show a significant loss of SI 

on “out-phase” as compared to “in-phase” 
images, due to chemical shift artefacts (Hamer 
et al. 2006). Moreover, focal fat accumulation is 

a b

c d

e f

Fig. 21 Focal fat-sparing area on MRI. T1-weighted “in- 
phase” (a–c) and “out-phase” (d–f) images in different 
planes. In T1-weighted “out-of-phase” images (d–f), a 
hepatic dropout of signal intensity of the entire liver with 

a focal hyperintense area (arrows) in segments VIII, V and 
IV, characteristic of a focal fat sparing area adjacent to the 
gallbladder
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not hyperintense on DWI, thus confirming its 
benignity (Fig. 24).

A rare pattern of fatty deposition is that, in the 
perivascular areas, surrounding vessels, such as 
portal vein branches or central hepatic venules, 
appear as tram-like or ring-like fatty lesions, 
depending on imaging plans. Ring-like fatty 
deposition can mimic metastases or HCC (Hamer 
et al. 2006). A diagnosis regarding the evaluation 
of T1-weighted “in-phase” and “out-phase” 
images can easily be achieved.

Another pattern is the subcapsular fat deposi-
tion which may appear as a confluent fat area 
confined in the peripheral zone or sometimes 
appearing as small fatty nodules (Hamer et  al. 
2006). The subcapsular pattern may be idiopathic 
or may be related to the use of insulin added to 
the peritoneal dialysate in patients with insulin- 

dependent diabetes and renal failure (Sohn et al. 
2001; Khalili et al. 2003). In these patients, insu-
lin promotes the esterification of free fatty acids 
into triglycerides, especially in subcapsular hepa-
tocytes, because they are exposed to a higher 
insulin concentration. A patient’s clinical history 
should be helpful in achieving a correct 
diagnosis.

The last rare pattern of fat deposition is multi-
focal fat infiltration, also known as “multinodular 
hepatic steatosis” (Prasad et  al. 2005). Round 
foci of fat deposition are disseminated within the 
liver, also in atypical regions, mimicking true 
hepatic nodules (Kroncke et  al. 2000; Kemper 
et al. 2002). A differential diagnosis can be chal-
lenging in cases of a patient with a known history 
of malignancy. Moreover, in addition to liver 
metastases, other differential diagnoses on US 

a b

c

Fig. 22 Geographic steatosis on CT. Unenhanced CT (a) 
revealing geographic hypodense areas involving segments 
V, IV and III (arrow), with persistent mild hypodensity 

(arrows) during the portal (b) and delayed (c) phases, 
characteristic of geographic steatosis
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Fig. 23 Focal fat-sparing area on MRI. T2-weighted (a) 
and T1-weighted “in phase” (b) images demonstrating no 
focal lesions. T1-weighted “out-of-phase” (c) image 
shows a focal hyperintense area at the typical location in 
segment IV (arrow) on the background of a diffuse liver 

dropout of the signal. Dynamic study after contrast 
administration showing no alteration during the arterial 
(d), portal (e), delayed (f) and hepatobiliary (g) phases. 
Diffusion-weighted image (h) revealing no signal 
restrictions
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Fig. 24 Focal steatosis on MRI. T2-weighted image (a) 
depicts a focal hyperintense area in segment IV (arrow). 
T1-weighted images showing isointensity to the adjacent 
parenchyma on the “in-phase” image (b) and hypointen-
sity of the focal area (arrow) on the “out-of-phase” image 
(c). Dynamic study after contrast administration does not 

show signal alteration during the arterial (d), portal (e) 
and delayed (f) phases, and isointensity to the adjacent 
parenchyma during the hepatobiliary phase (g). Diffusion- 
weighted image (h) confirms the absence of diffusion 
restriction in the area of the focal steatosis
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and CT include lymphoma, sarcoidosis, 
abscesses, candidiasis, hemangiomatosis and 
biliary hamartomas. Magnetic resonance imag-
ing is valuable for the correct differential diagno-
sis of fat deposition in oncological patients, due 
to the possibility of identifying microscopic fat 
within the lesions using T1-weighted images 
exploiting chemical shift artifacts. Moreover, the 
stability in size of these pseudolesions in the fol-
low- up could indicate the exact diagnosis. In cir-
rhotic patients, multifocal fat deposition often 
corresponds to the fat degeneration within multi-
ple RNs.
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Abstract
Primary and secondary liver tumors are very 
common. In developed countries, hepatocel-
lular carcinoma (HCC) is the third cause of 

cancer death with a poor survival rate in 
advanced cases. If a curative treatment can be 
applied at an early stage the overall survival is 
markedly improved.

Many patients (80–90%) cannot undergo 
radical surgery due to general health status, 
previous abdominal surgery, diffuse lesion 
with insufficient liver remnant after their com-
plete removal, or  anatomical unfavorable 
locations.

For these reasons, percutaneous treatments 
have become auspicious treatments for liver 
tumors due to minimal invasiveness, effective-
ness, repeatability, and low costs.
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Different modalities are accepted for per-
cutaneous ablation procedures and can be 
divided into thermal and non-thermal ablation 
techniques.

Thermal techniques are monopolar and 
multipolar radiofrequency ablation (RFA), 
microwave ablation (MWA), laser ablation 
(LSA), cryoablation (CRA), and high- 
intensity focused ultrasound (HIFU). Non- 
thermal techniques are percutaneous ethanol 
injection (PEI) and irreversible electropora-
tion. Combinations of the different techniques 
are possible.

These ablative techniques provide necroti-
zation of tumor tissue in different ways, such 
as thermal coagulation, rapid freezing, or 
chemical cell dehydration.

The procedural planning is divided into 
three different phases (1) preprocedural plan-
ning, (2) intraprocedural targeting, monitor-
ing, and modification, (3) postprocedural 
assessment.

Imaging techniques are of crucial impor-
tance in all these phases.

Complication after percutaneous tech-
niques occurs in 3–7% of patients.

1  Introduction

In developed countries, hepatocellular carcinoma 
(HCC) is the third cause of cancer death with a 
poor survival rate in advanced cases (5 year over-
all survive 10–15%). If a curative treatment can 
be applied at an early stage the overall survival is 
markedly improved (De Angelis et al. 2014).

Secondary liver tumors are even more fre-
quent than HCC.

Colorectal cancer is the second cause of 
cancer- related mortality. About 40–76% of 
patients with colorectal cancer develop liver 
metastases (Puijk et al. 2018; Liang et al. 2013; 
Van Tilborg et  al. 2016) and, in general, liver 
metastases are identified in 50% of patients with 
gastrointestinal malignancies (Greenlee et  al. 
2001; Landis et al. 1999).

Liver transplant is considered the gold stan-
dard curative treatment for HCC but it is avail-
able for a small number of patients due to high 
costs and constant presence of organ shortage 
due to the small numbers of donors (Bruix and 
Sherman 2011).

In selected cases of HCC and secondary liver 
tumors, especially for metastases of colorectal 
origin, surgical resection significantly improves 
overall survival (Llovet et al. 1999; de Haas et al. 
2010; de Haas et al. 2011; Gilliams et al. 2015).

However, many patients (about 80–90%) can-
not undergo partial hepatectomy because they 
have a compromised health status or multiple pre-
vious abdominal surgical procedures due to dif-
fuse metastatic liver involvement with insufficient 
liver remnant after their complete removal or 
even anatomically unfavorable metastasis location 
(Sotirchos et al. 2016; Van Tilborg et al. 2016).

For this reason, percutaneous treatments, 
thanks to their minimal invasiveness, effective-
ness, and low costs, have become really favorable 
approaches to primary and secondary liver 
tumors. This happens especially for lesions <3 cm 
in diameter, in which local control after radiofre-
quency ablation is equivalent to resection in terms 
of therapeutic results. (Mulier et al. 2008).

Percutaneous ablation includes various tech-
niques. These techniques improved in the last 
two decades, giving the possibility to treat a pro-
gressively increasing number of patients, with 
great efficacy in controlling liver disease (Breen 
and Lencioni 2015).

Different modalities are accepted for percuta-
neous ablation procedures and can be divided into 
thermal and non-thermal ablation techniques.

Thermal techniques are monopolar and multi-
polar radiofrequency ablation (RFA), microwave 
ablation (MWA), laser ablation (LSA), cryoabla-
tion (CRA), and high-intensity focused ultra-
sound (HIFU). Non-thermal techniques are 
percutaneous ethanol injection (PEI) and irre-
versible electroporation. The use of different 
combinations of these techniques is possible too.

These ablative techniques provide tumor tis-
sue coagulative or colliquative necrosis in differ-
ent ways, such as thermal coagulation, rapid 
freezing, or chemical cell dehydration 
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(Chinnaratha et al. 2016; Yang et al. 2015; Wang 
et al. 2015b; Orlacchio et al. 2014).

PEI was one of the first ablating techniques 
used for the treatment of HCC (Verslype et  al. 
2012). Radiofrequency ablation and microwave 
ablation have been used in the last two decades due 
to their minimal invasiveness, efficacy, the possi-
bility of multiple repeated treatments, and low 
costs (Crocetti et al. 2010; Martin et al. 2010). The 
international guidelines for the treatment of HCC 
usually refer to these two methods (Bruix and 
Llovet 2009), but also other available techniques 
can achieve important effective therapeutic effects. 

2  Indication and Percutaneous 
Ablation Techniques

Percutaneous ablation techniques are considered 
an alternative to surgery and in selected cases is 
considered curative.

To achieve this goal, the staging of primary 
and secondary liver tumors is fundamental. In the 
case of HCC in cirrhotic patients, the Barcelona 
Clinic Liver Cancer (BCLC) staging system 
should be used. This staging system identifies 
those patients with early HCC (stage 0  - tumor 
<2cm, Performance Status = 0, and Child-Pugh 
A - and A - single tumour of any size, or up to 3 
tumours all <3 cm, Performance Status = 0, and 
Child-Pugh A or B) who may benefit from cura-
tive therapies, those at intermediate (stage B  - 
multiple lesions,  Performance Status = 0, and 
Child-Pugh A or B -) or advanced stage (stage 
C  - tumor has spread into the blood vessels, 
lymph nodes or other body organs, Performance 
Status = 1 or 2, and Child-Pugh A or B -) who 
may benefit from palliative treatments and those 
patients with a very poor life expectancy (stage 
D - Performance Status = 3 or 4, and Child-Pugh 
C -) (Verslype et al. 2012).

To establish the possibilities of a percutaneous 
approach to be curative in the treatment of sec-
ondary liver tumors, a multidisciplinary evalua-
tion is fundamental and must keep in mind the 
features and the extension of the original tumor 
and must consider the possibility of a combined 
multimodality approach (Tombesi et al. 2018).

2.1  Radiofrequency Ablation (RFA)

HCC can be treated by RFA in the case of very 
early (<2 cm) and early-stage disease (< 3 cm). 
Following BCLC criteria in these cases, RFA can 
be considered curative (Bruix et  al. 2001) and 
complete response is obtained in >90% of cases 
with good long term outcomes (Livraghi et  al. 
2008). In nodules >2  cm RFA provides better 
control than PEI (Lencioni 2010).

RFA must consider the size and location of the 
tumor to be curative. The presence of a vessel 
larger than 3  mm in diameter creates the heath 
sink effect. Consequently, treatment with RFA of 
tumors located close to large vessels has a low 
ablation efficacy (Lu et  al. 2003). At the same 
time, if the lesion is large, it can require multiple 
ablations because more applicators are needed, or 
sometimes their position is unfavorable to obtain 
a safe ablation margin. For this reason, RFA is 
preferentially indicated in lesions <3 cm in size or 
<5 cm in size when hook-shape expandable elec-
trode tines with a diameter of 3.5 cm at expansion 
are available  (Chen et al. 2006). In the unfavor-
able event of a lesion >5  cm in size, the tumor 
control rate reported after RFA is quite low, rang-
ing from 6 to 10% in different studies (Chen et al. 
2006; Kudo 2004; Lencioni and Crocetti 2008).

It has been designed a mathematical model for 
the treatment of lesions with radiofrequency. 
Those tumors with diameters between 3 and 
3.30  cm require at least four ablations. Tumors 
with diameters between 3.31  cm and 4.12  cm 
require at least six ablations. Tumors from 
4.13 cm to 6.23 cm in size need at least 12 abla-
tions (Khajanchee et al. 2004).

The HCC lesions treated with RFA  in the 
same liver should not exceed the number of five 
and they must not be >5 cm in size.

Bile ducts can be damaged during the proce-
dure and tumor seeding has been reported in case 
of percutaneous RFA in 0–12.5% (median 0.9%) 
of the cases depending on the studies (Stigliano 
et al. 2007).

In liver metastases, surgery is considered the 
treatment of choice with 5-years survival rates of 
31–58%. It is feasible just in 10–15% of cases 
and patients must be carefully selected due to the 
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frequent presence of multiple and multicentric 
lesions. Many of these patients usually undergo 
systemic chemotherapy treatments but the sur-
vival at 5 years is poor (de Haas et al. 2010; de 
Haas et al. 2011; Gilliams et al. 2015). For this 
reason, RFA is often proposed as an alternative to 
surgery. It owns a very low risk of complication, 
with a complete ablation at follow-up CT scan of 
45% (Dodd et al. 2000). Among various studies, 
the 3 and 5 years survival rates range from 28 to 
46% with a median survival of 30–40 months. In 
particular, Solbiati et al. showed a survival rate of 
33% at 3 years with higher recurrence in patients 
with larger lesions (>3 cm in diameter) (Solbiati 
et  al. 2001). Gilliam and Lees demonstrated a 
28% and 25% survival rate at 3 and 5 years in 
patients treated with up to five  liver metastases 
(Gilliam and Lees 2005), and Lee evidenced a 
survival rate at 3 and 5  years respectively of 
53.3% and 42.6% in the treatment of solitary 
colorectal cancer metastases (Lee et al. 2008).

Hildebrand et al. (2006) demonstrated that the 
success of the procedure is also linked to the 
presence of a dedicated and experienced team in 
RFA.

A more recent position paper on the treatment 
of colorectal liver metastases by RFA showed a 
five-year survival after RFA of 31% (Gilliams 
et al. 2015).

RFA can be used even in resectable liver 
metastases  in addition to surgical  resection, in 
liver metastases with a partial response after che-
motherapy and for recurrent liver metastases  or 
metastatic lesions showing disease progression 
(Vogl et  al. 2014a). The US monitoring is very 
helpful to determinate the radicality of the proce-
dure. The transient hyperechoic zone within the 
target lesion and the surrounding  normal tissue 
may be considered in the treatment management.

2.2  Microwave Ablation (MWA)

The main limit of MWA is the tumor size. If in 
the past it was confined to 2  cm, with recent 
advances in techniques this treatment can be 
extended to lesions up to 3  cm in diameter 
(Thamtorawat et al. 2016). Nowadays MWA can 

be considered a treatment of the first choice for 
lesions ≤3 cm in size. It is useful in particular if 
they are located near large bile ducts or larger 
blood vessels, with lower damage to these struc-
tures but also with a reduced heath sink effect 
that is instead important with RFA (Dong et al. 
2003).

In HCC nodules the 3-year survival rate is 
72.85% while 5-year survival rate is 56.70% in 
case of nodules ranging from 1.2 cm to 8 cm in 
size (mean 4.1  cm), with significantly shorter 
survival in patients with lesions >5 cm and better 
survival in patients with lesions <3  cm. (Dong 
et al. 2003).

In liver metastases, several studies demon-
strated that the use of MWA allows a 3-year sur-
vival rate of 46–51% and a 5-year survival rate of 
17–32% with a median survival time of 
20–48 months (Liang et  al. 2003; Tanaka et  al. 
2006; Ogata et al. 2008). The ability of MWA to 
achieve larger ablation areas than RFA with 
shorter application times to obtain safe free mar-
gins is fundamental in the treatment of liver 
metastases because they show a typical infiltra-
tive growth and absence of well-defined margins 
(Tombesi et al. 2018). RFA and MWA do not dif-
fer in the local tumor progression at 2 years in 
HCC <4 cm (Violi et al. 2018).

2.3  Laser Ablation

Laser ablation (LSA)  uses cannulation needles 
through which optical quartz fibers are inserted 
in the lesion to treat. These laser optical fibers 
deliver lights that are transformed in heath. This 
high energy laser radiation spread into liver 
parenchyma, leading to coagulative necrosis. The 
main advantage of laser ablation is the size of the 
needle that is very small (21 gauge) making this 
technique to be particularly suitable to treat high- 
risk locations.

 LSA appears very flexible since it allows the 
treatment of lesions of different sizes depending 
on the number of optical fibers used. To treat 
nodules up to 1.5 cm one or two fibers are needed, 
three fibers are used to treat nodules from 1.5 cm 
to 2.5  cm while to treat nodules >2.5  cm four 
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fibers are required. Fibers are positioned paying 
attention to correct spacing and using different 
geometrical distribution to achieve the maximum 
ablative effect (Francica et al. 2012a and 2012b; 
Di Costanzo et al. 2014).

The multiple fibers approach leads to the pos-
sibility to treat primary and secondary liver 
lesions up to 5 cm in diameter with good results. 
Di Costanzo et  al. (2014)  reported a complete 
ablation in 93.6% of nodules <3 cm and a com-
plete ablation rate in 79.6% in nodules >3 cm.

LSA has recently shown results comparable to 
those of RFA and MWA (Francica et  al. 2007; 
Pacella et al. 2005; di Costanzo et al. 2013). In 
patients with HCC and Child-Pugh A, liver cir-
rhosis nodules up to 5  cm in diameter treated 
with multiple fibers achieved a complete response 
rate ranging from 82 to 97%. Cumulative 3-year 
survival rates reached 73% (Di Costanzo et  al. 
2014; Pacella et al. 2009).

Eichler et  al. (2012) showed  that 98% of 
patients achieved complete necrosis with a 
safe  margin 5  mm by using LSA.  The survival 
rate at 3 and 5 years were respectively of 54% and 
30% (Eichler et  al. 2012). A complete response 
rate of 95.5% has also been reported in tumors 
with high-risk locations (Di Costanzo et al. 2013).

In presence of liver metastases, LSA  is the 
percutaneous technique of choice if they are mul-
tiple, of different size and with a bi-lobar distri-
bution, in case of a recurrence after surgery or if 
the patient has unresectable lesions or other 
major general contraindication to surgery. 
Usually, LSA is not performed if there is a con-
comitant extrahepatic disease (Tombesi et  al. 
2015; Sartori et al. 2017). Several studies consid-
ering liver metastases showed that 3-year sur-
vival is of 28–74% and 5-year survival is of 
10–37% in lesions smaller than 5 cm (Vogl et al. 
2004; Puls et al. 2009; Vogl et al. 2014b).

2.4  Percutaneous Ethanol 
Injection (PEI)

Percutaneous ethanol injection  (PEI) is consid-
ered a well-tolerated and safe treatment with low 
costs. It is one of the more studied percutaneous 

techniques and one of the first to be applied for 
the treatment of liver tumors. Nowadays it has 
been replaced by RFA and is used just when RFA 
cannot be feasible, for example in entero-biliary 
reflux or when there is the adhesion of the tumor 
to the gastrointestinal tract (Omata et al. 2017). 
In many studies, PEI showed great safety. 
Mortality is very low ranging from 0 to 3.2% 
while morbidity ranges are 0–0.04%. In particu-
lar, Livraghi et  al. (1995)  described 1.7% of 
severe complications and a mortality of 0.1%, 
while Shiina et al. (2012) reported complications 
in 2.1% of cases with 0.09% of deaths. Di Stasi 
et  al. (1997)  had similar results with 3.2% of 
complications and 0.09% of mortality, while 
Ebara et al. (2005) reported no treatment-related 
deaths and 2.2% of complications. Sung et  al. 
(2006) reported absence of complications in his 
case series.

The main complication reported were hemor-
rhages and tumor seeding. As a collateral effect 
of PEI, pain may be effectively treated by analge-
sics. Fever has been reported. More sessions are 
needed to obtain the necrosis of the tumor, rang-
ing from 2 to 14 (Di Stasi et al. 1997).

Various factors are related to outcomes of 
PEI.  Fundamental is the tumor size, the liver 
function measured with the Child-Pugh score, the 
levels of alfa-fetoprotein, the numbers of nodules, 
and the age of the patient. (Shiina et al. 2012)

A reasonable indication for PEI therapy is 
HCC < 3cm in greatest dimension (Ishii et  al. 
1996).  Patients with a single nodule of 
HCC < 5 cm in size and Child-Pugh A showed the 
best outcome with survival rates of 47–79%, 
decreasing progressively in Child-Pugh B patients 
(29–63%) and Child-Pugh C patients (0–12%) at 
3–5  years (Livraghi et  al. 1995). Other studies 
reported a 5-year survival rate in patients under-
going PEI of 38–60% (Ebara et  al. 2005, Sung 
et  al. 2006, Shiina et  al. 2012), while the local 
progression rates range from 6 to 31% and are 
mainly related to the tumoral size (Livraghi et al. 
1995), Ishii et al. 1996, Di Stasi et al. 1997, Ebara 
et al. 2005, Sung et al. 2006, Shiina et al. 2012). 
In particular, a tumoral size >3 cm was associated 
with a higher rate of local recurrence within 
2 years from treatment (Ishii et al. 1996).
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2.5  Irreversible Electroporation 
(IRE)

IRE in a new percutaneous ablation technique. It is 
a nonthermal ablative method that delivers short 
electric pulses of high power and intensity between 
two electrodes located in the liver parenchyma. A 
high electromagnetic field is created that causes the 
formation of pores in the cellular membrane lead-
ing cells to apoptosis. The limits of the area that 
can be treated correspond to those in which a high 
electromagnetic field can be generated. For this 
reason, as a general rule two electrodes are needed 
to treat lesions up to 1  cm, three electrodes for 
lesions up to 2  cm, four electrodes for 
lesions between 2 and 3 cm and five to six elec-
trodes for lesions between 3 and 5 cm in diameter 
(Narayanan et al. 2014; Scheffer et al. 2014).

Due to the use of electric pulses delivered syn-
chronized to cardiac pulses IRE is contraindi-
cated in patients with cardiac arrhythmia and 
pace-makers (Seror 2015). According to the 
absence of thermal energy, the risk of thermal 
injury to the skin and normal structures is low 
and there is no heat sink effect. Thus, this tech-
nique is particularly suitable for high-risk loca-
tions like biliary structures that usually preclude 
the application of thermal ablation techniques 
(Dollinger et al. 2015).

Ding et al. (2017) reported IRE treatment effi-
cacy for HCC in 58 patients not treatable by ther-
mal techniques. Complete ablation was observed 
in 92% of cases. The technique showed a good 
safety profile since IRE seems to lead less fre-
quently than RFA to liver failure enabling the 
treatment of patients with worse liver function, for 
example, Child–Pugh class B patients (Bhutiani 
et al. 2016; Sutter et al. 2017). Sutter et al. (2017) 
studied other 58 patients with HCC lesions chosen 
for IRE because of difficulty in treating areas or 
compromised medical status. This study showed 
an ablation rate of 77.3% after one session, 89.3% 
after two sessions, and 92% after three sessions of 
IRE therapy. The progression- free survival at 
6 months was 87% while at 12 months was 70% 
with 5% risk of complications after the procedure 
(Sutter et al. 2017).

2.6  Cryoablation

The first studies about cryoablation  (CRA), car-
ried out with first-generation equipment, reported 
a high incidence of adverse events. The most wor-
risome was cryo-shock. It developed after the 
ablation of large liver lesions producing multior-
gan failure and consequent death. Furthermore, in 
several studies, CRA seemed to have less efficacy 
than RFA (Pearson et  al. 1999; Tait et  al. 2002; 
Adam et al. 2002; Huang et al. 2013). With latest 
advances in this technique, cryo-shock has not 
been reported anymore and various studies focal-
ized on HCC  treatment have been published 
(Mahnken et al. 2018). In 2015 a controlled multi-
center study was published in which Child- Pugh A 
and B patients with HCC <4 cm were treated. CRA 
showed a lower local progression rate compared to 
RFA for HCC >3 cm (7.7% vs. 18.2%), with no 
difference in survival rate. Safety of CRA appeared 
similar to RFA (complication rate of 3.9% in CRA 
vs. 3.3% in RFA) (Wang et al. 2015b). There are 
no clear guidelines about liver metastasis treat-
ment with CRA because of limited data that are 
difficult to compare due to association with differ-
ent therapies. However, CRA showed an accept-
able safety profile in tumors <4 cm in size with 
severe complications ranging from 5.8—8.7% in 
larger lesions (Littrup et  al. 2016; Glazer et  al. 
2017). Results about local progression rates are 
quite different among studies, with a local progres-
sion  rate of 11.1% after 1.8  years (Littrup et  al. 
2016) and of 25.4% at 2.5  years (Glazer et  al. 
2017) in colorectal liver  metastases. 
CRA showed promising results for other types of 
primary tumors as breast and ovarian cancer 
(Zhang et al. 2014; Gao et al. 2015).

2.7  High Intensity Focused 
Ultrasound (HIFU)

HIFU ablation is one of the latest treatments 
introduced for the treatment of HCC and liver 
metastases. It consists of a totally extracorporeal 
non-invasive treatment modality that uses focused 
ultrasound energy causing coagulative necrosis 
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of the target lesion. It does not need surgical inci-
sion because it is performed via intact skin 
(Cheung et al. 2013). It appears to be well toler-
ated in patients with advanced age and advances 
stages of liver cirrhosis. Often, HIFU is not con-
sidered curative but rather is  considered as a 
bridge to liver  transplant  in patients with HCC 
(Cheung et  al. 2013;  Ng et  al. 2011). In fact, 
HIFU is usually applied to those  patients who 
cannot undergo surgical resection because of 
inadequate liver remnant due to advanced and 
decompensated cirrhosis or previous major hepa-
tectomy (Cheung et al. 2012; Cheung et al. 2013) 
or in patients not suitable for RFA or PEI because 
the nodules to treat are too large or near major 
vessels (Zhu et al. 2009; Zhang et al. 2009).

HIFU has shown satisfying outcomes in vari-
ous studies. In HCCs <3 cm in size, patients can 
achieve an ablation rate of 82.4% in one treat-
ment session (Ng et al. 2011).

In other studies, tumor necrosis was achieved 
in 69.6% of lesions with a single HIFU session 
with complete necrosis after the second session 
and a survival rate at 5 year of 55.6% (Zhu et al. 
2009). In a study by Zhang et al. (2009) half of 
the treated lesions were necrotic after the first 
session of HIFU treatment. In the second session, 
complete necrosis of all lesions was achieved 
with a 5-year survival rate of 31.8%. Fewer data 
are available for the treatment of liver metastases 
with HIFU and many studies conducted involved 
little groups of patients, showing a good safety 
profile. In liver metastases, HIFU is used when 
other percutaneous techniques are not indicated 
and particularly when lesions are located in dif-
ficult areas such as close to large blood vessels or 
bile ducts, near gallbladder, bowel, stomach, or 
heart (Orsi et al. 2010). In his study, Orsi et al. 
(2010) showed a complete response almost in all 
treated liver metastases after one HIFU session, 
as found by Park et al. (2009) assessing the use of 
HIFU in treatment of liver metastases from colon 
and stomach cancers in which the efficacy after 
the first treatment session was close to 100%. 
HIFU minor complications are represented by 
skin redness and burnt affecting all patients 
treated, or  necrosis of rib or vertebrae located 

near the treated areas. The major complication 
reported were biliary obstructions, symptomatic 
pleural effusions, and fistulas and were reported 
in 5% of all patients treated (Jung et al. 2011).

3  Procedural Planning

The procedural planning is divided into three dif-
ferent phases (1) preprocedural planning, (2) 
intraprocedural targeting, monitoring, and modi-
fication, (3) postprocedural assessment.

Imaging techniques are of crucial importance 
in all of them.

3.1  Preprocedural Planning

Imaging techniques must be used to determine 
the target of interventional procedure, normal 
anatomy or anatomical variants, potential injury 
to close structures, presence of necrotic areas 
which should not be included in the treated liver 
region (Solomn and Silverman 2010), the proce-
dure indication and the best approach to be 
employed. During this phase, even the duration 
and the number of the treatments should be 
assessed. Many imaging  techniques are used in 
preprocedural planning:

US, CEUS. B-mode US is the most 
employed  imaging technique because it is fast, 
feasible, iodine and radiation-free, is repeatable, 
allows real-time assessment,  and presents low 
costs. The utility of US in detecting liver HCC 
has been studied by many groups (Lee et  al. 
2010;  Chan et  al. 2001; Dodd III et  al. 1992; 
Bennett et al. 2002) and the results are quite het-
erogeneous. In fact, the detection rate is between 
35 and 78.5% with a sensitivity of 38% and a 
specificity of 92% (Chan et al. 2001).

The detection of liver nodules could be a fail-
ure because of heterogeneous liver echotexture in 
patients with liver cirrhosis  (owing to fibrosis, 
fatty infiltration, regeneration nodules, and 
parenchymal necrosis) and became more difficult 
when the lesion is near the diaphragm (Lee et al. 
2010; Takayasu et al. 1990) because this portion 
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of the liver is surrounded by the lung. The more 
the liver cirrhosis process  is advanced the 
more difficult is to detect HCC (Lee et al. 2010).

US contrast agents could provide a contrast 
enhancement assessment of lesions to be treated 
without any risk related to iodine contrast agents 
and radiation. CEUS could be used to determine 
more accurately lesion size and margins, to detect 
small lesions not visible on the unenhanced US 
and to identify lesion necrosis (Chen et al. 2007).

CT, MRI. These are the  imaging techniques 
more frequently used to detect target lesion and 
to evaluate anatomy, anatomical variants, the 
relationship between lesions and normal struc-
tures, and presence of lesion necrosis.

CT exposes the patient to ionizing radiation 
but is faster, more widespread, less expensive, 
more suitable for claustrophobic patients, and 
can be used for patients who cannot undergo to 
an MRI scan  due to unsafe or unconditional 
devices.

3.2  Intraprocedural Targeting, 
Monitoring, and Modification

During real-time percutaneous procedures, 
the operator has to recognize the lesion and 
the adjacent normal anatomical  landmarks 
previously identified during  preprocedural 
planning. Lesion monitoring is the fundamen-
tal component of the intra-procedure time 
during which the operator has the possibility 
to assess target lesion morphologic changes 
during ablation treatment, the radicality of the 
procedure, and the safety of adjacent struc-
tures. When necessary, the operator has to 
recognize if the procedure is not feasible and 
the potential risk to compromise the adjacent 
anatomical structures and should  modify the 
procedure strategy.

3.3  Real-Time Imaging Guiding 
Techniques and Associated 
Techniques

US, CEUS. Sometime the evaluation of target 
lesion could be insufficient because of the deep 

lesion localization (especially those lesions close 
to the diaphragm), small size, cirrhosis, and inter-
vening intestinal gas (Lee et  al. 2010). 
Intraprocedural injection of US  contrast agents 
improves the real-time visualization of the target 
lesion, needle placement, and most impor-
tantly, the safe margins (Kim et al. 2015).

Probe placement below the costal margin 
increases difficulties due to interference of intra-
pulmonary gas; artificial pleural effusion often 
provides better visibility for hepatic malignan-
cies located near the diaphragm (Wang et  al. 
2015a).

CECT enables a 3D visualization of tar-
get lesion and of adjacent anatomical structures, 
and even of the needle, and ablation dome. 
CT-guided microwave ablation of tumors is asso-
ciated with a high technical success rate, high 
rate of complete response, and low rate of com-
plications (Asvadi et al. 2016) (Fig. 1).

MRI - guided liver tumor ablation is similar to 
real-time percutaneous thermal ablation 
(Crocetti et  al. 2010; Solomn and Silverman 
2010). This technique is used to monitoring 
local temperature (MR thermometry) during 
thermo-ablation and evaluate when the tumor is 
completely treated and the critical structure is 
not harmed (de Senneville et al. 2007). Different 
tissues have different thresholds for tempera-
ture - induced necrosis, and if the tissue temper-
ature could be estimated the dying cell type 
could be predicted.

With MR thermometry tissue temperature 
change within 1  °C  can be estimated (Quesson 
et al. 2000). By keeping temperature of 54 °C for 
more than 1 second we determine all cell necro-
sis (Sapareto and Dewey 1984). The temperature 
measurement by MR thermometry could repre-
sent a quantitative non-invasive method for pro-
cedure evaluation.

Even CT and US could be used to evaluate 
temperature changes (Fallone et al. 1982; Arthur 
et  al. 2005) based on CT  Hounsfield number 
change during thermal ablation treatment.

Fusion imaging refers to a partially transpar-
ent overlay of one  imaging database over 
another. In interventional oncology many 
images coming from different techniques could 
be matched, for example, PET with CT or MRI; 
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CT with US; fluoroscopy with conventional 
angiography, CT, or MRI. Fusion imaging leads 
to a more accurate 3D targeting and improves 
evaluation of little lesions (<5 mm in diameter) 
or undetectable lesions (Mauri et al. 2015; Ahn 
et al. 2017).

The optimal needle tracking is planned on 3D 
images that are transferred to the workstation. 
The needle is projected over 3D images in real- 
time (Rajagopal and Venkatesan 2016). 
Stereotactic ablation limits the number of needle 
adjustments and is useful in those lesions located 
in a difficult position as the hepatic dome.

During percutaneous ablation procedures, 
High-Frequency Jet Ventilation (HFJV) can be 
used. This ventilation technique is characterized 
by mechanical intra-tracheal ventilation due to a 
small catheter that reduces the respiratory move-
ments and therefore the liver movements (Denys 
et al. 2014). HFJV produces a higher risk of baro-
traumatic pneumothorax. Another particular 
technique that can be used is Transarterial 
catheter- assisted ablation. This technique 
improves target detection on CT arterial portog-
raphy (CTAP) or Hepatic arteriography (CTHA). 
During CTAP e CTHA a catheter is placed 
within  superior mesenteric artery or  hepatic 
artery, respectively, and contrast agent injection 
allows real-time contrast enhancement assess-
ment. This technique improves lesion conspicu-
ity, differentiation between scar and pathologic 

tissue, and treatment accuracy (Puijk et al. 2018, 
van Tilborg et al. 2014 and 2015).

3.4  Valuation of Technical Success

With both thermal and nonthermal percutaneous 
ablation techniques, technical success is 
achieved  when energy is provided to the tissue 
and produces a spherical ablation zone.

Immediate contrast-enhanced post-procedural 
imaging could demonstrate the extension of per-
cutaneous ablation that should contain tumor and 
a free-tumor 5 mm  safety  margins around the 
lesion (Ahmed et al. 2014).

US, CT, MR  imaging, and intraprocedural 
contrast-enhanced imaging could be performed 
to evaluate the radicality of the ablation. After 
thermal ablation, US shows transient hyper- 
echogenicity that disappears after several min-
utes. A well-delimited hypodense zone with 
hyperdense peripheral rim (transient peripheral 
hyperemia) can be seen on CECT (Crocetti et al. 
2010).

On MRI,  immediately after percutaneous 
ablation, the treated zone appears 
heterogeneously hyperintense on T1-w and 
homogeneously hyperintense on T2-w images 
(Solomon et al. 2010).

During CRA  an echogenic mass with distal 
acoustic shadowing is visualized, corresponding 

a b

Fig. 1 HCC relapse in the second liver segment follow-
ing right liver lobe resection treated by CT-guided radio-
frequency ablation. (a) Lesion targeting based on CT 

guidance; (b) Contrast-enhanced CT, portal venous phase. 
Ablation assessment 1 week after treatment. Subcapsular 
ablation area with no evidence of residual disease
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to the ice ball (Mala et al. 2004). These ice balls 
could be visualized even by CT or MRI as non- 
enhancing areas on CECT and hypointense areas 
at T2-w and iso- to hyperintense areas at T1-w 
MR images (Silverman et al. 2005).

3.4.1  Postprocedural Assessment
For the imaging of post-procedural assessment 
and follow-up, we refer to the specific chapter 
(Imaging of Treated Liver Tumors and Assessment 
of Tumor Response to Cytostatic Therapy and 
Post-Treatment Changes in the Liver).

3.5  Complication

Complication after percutaneous techniques occur 
in 3–7% of patients (Jaskolka et al. 2005; Livraghi 
et  al. 2003; Crocetti et  al. 2010; Shibata et  al. 
2003) and include intraperitoneal bleeding, liver 
abscess, intestinal perforation, pneumothorax and 
hemothorax, bile duct stenosis and tumor seeding; 
the procedure mortality rate is on 0.1—0.5%.

The most common complications are hepatic 
abscesses, intraperitoneal bleeding, hepatic 
decompensation, and bile duct injury. The most 
common causes of death are sepsis, hepatic fail-
ure, colon perforation, and portal vein thrombo-
sis. An uncommon late complication is tumor 
seeding along the needle track (1%).

Risk is related to size and location of the 
tumor. However there are also other components, 
for example, the abscess risk increases in patients 
after bilioenteric anastomoses or other manipula-
tion as stent displacement or sphincterotomy 
(Shibata et al. 2003).

For the imaging assessment of complications 
after ablation, we refer to the specific chapter 
(Imaging of Treated Liver Tumors and Assessment 
of Tumor Response to Cytostatic Therapy and 
Post-Treatment Changes in the Liver).
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Abstract
In Hepatocellular carcinoma (HCC), transar-
terial chemoembolisation (TACE) is the most 
widely used loco-regional treatment not only 
in the intermediate stage, but often also in 
early or advanced disease (“treatment stage 
migration”), but is the least standardised, both 
in terms of indications and techniques. The 
rationale for the efficacy of transarterial thera-
pies is that the vascularisation of HCC is, for 
the most part, dependent on the hepatic artery.

Conventional TACE (cTACE) consists of 
the intra-arterial administration of a chemo-
therapeutic drug emulsified with Lipiodol fol-
lowed by embolisation of the tumour-feeding 
vessels with an embolic agent (most com-
monly gel foam particles).

Drug-eluting bead-TACE (DEB-TACE) is 
progressively challenging cTACE; DEB- 
TACE is supposed to maximise the concentra-
tion of a cytotoxic drug at the tumour level, 
with a slower release of the drug into the 
tumour and minimal systemic exposure. 
Beads, along with their embolic properties, 
segregate the chemotherapeutic agent and 
release it over a one-week period. At present, 
data from the literature do not confirm the 
superiority of DEB-TACE over cTACE in 
terms of patient survival, tumour response and 
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safety, and the choice is therefore left to the 
operator. Several cytotoxic drugs are adminis-
tered in both conventional and DEB- 
TACE. The most widely used is doxorubicin, 
with no evidence of its superiority over other 
chemotherapeutics.

Transarterial embolisation (TAE) consists 
of the embolisation of tumour-feeding arteries 
with embolic agents without adding any che-
motherapeutic drugs. To date, the relative 
effectiveness of TACE over TAE has not been 
established in randomised trials.

Combined treatment (radiofrequency abla-
tion (RFA) plus TACE) is safe and effective 
for the treatment of unresectable patients with 
early/intermediate HCC exceeding 3  cm in 
size.

Hepatic arterial infusion chemotherapy 
(HAIC) is frequently adopted for the treat-
ment of locally advanced HCC in Japan, based 
on reports of high response rates and favour-
able long-term outcomes. Firm evidence of 
the superiority of one over the other has not 
yet been established. In the future, a demon-
stration of the survival advantage of HAIC 
over systemic therapies and the recognition of 
HAIC as one of the standard treatments for 
patients with advanced HCC are expected.

In intrahepatic cholangiocarcinoma (ICC), 
hepatic arterial therapy (HAT) seems to be a 
promising strategy for improving outcomes in 
patients with unresectable ICC. The best out-
comes in terms of response and OS are 
reported by HAIC even it is associated with 
increased toxicity. Targeted treatment strategy 
based on patient-disease characteristics is a 
goal for future research.

In liver metastases, liver-directed therapies 
have become common due to the increased 
complexity of hepatic surgery. Intra-arterial 
treatment options include TACE, TAE, HAIC 
and ablative techniques, such as microwave 
irradiation (MWI) or RF ablation. The evi-
dence supports their use to provide salvage 
options when first-line treatment has failed. 
Although these treatments have been applied 
without high-level clinical evidence, they have 
allowed tailoring the clinical approach to the 

individual based on disease status and clinical 
condition.

In patients with well-differentiated unre-
sectable hypervascular neuroendocrine 
tumour (NET) liver metastases, TAE, TACE 
and selective transarterial radioembolisation 
(TARE) are the preferred choices among other 
treatment modalities. Transarterial embolisa-
tion and TACE generally achieve average 
symptomatic, biological and radiological 
responses of 75%, 56% and 50%, respectively 
with a progression-free survival of 
12–18 months, with acceptable tolerance.

1  Intra-Arterial Treatments 
of HCC

1.1  Transarterial 
Chemoembolisation (TACE): 
Basic Principles

Transarterial chemoembolisation (TACE) is the 
most diffuse treatment for unresectable hepato-
cellular carcinoma (HCC) and is the recom-
mended first-line therapy for patients with the 
intermediate-stage disease (Barcelona Clinic 
Liver Cancer [BCLC] B) (EASL 2018).

Transarterial chemoembolisation treatment 
aims to induce tumour necrosis, thanks to the 
predominant arterial vascularisation of HCC; 
moreover, TACE combines the efficacy of the 
chemotherapy injected locally with the embolic 
effect of the particles. On the one hand, the 
embolisation induces ischemia and prevents 
washout of the injected chemotherapeutic agents 
from the tumour; on the other hand, the blood 
supply to the surrounding liver is still maintained 
by blood flow from the portal vein, minimising 
damage to the liver. Moreover, chemotherapeutic 
agents, thanks to ischemic damage, remain in the 
tumour for a long period at a higher concentra-
tion. In addition, the high tumour concentration 
of chemotherapeutic agents results in lower sys-
temic drug levels and, therefore, in less toxicity. 
These combined effects are reported to be syner-
gistic in obtaining high anti-tumour effects with a 
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high objective response rate. However, it is man-
datory to preserve the surrounding cirrhotic liver 
parenchyma. As a consequence, the selection of 
the most appropriate treatment option for HCC 
patients depends not only on tumour burden but 
also on liver function and the general perfor-
mance status (PS) of the patient.

Data from the literature showed that the prog-
nosis of HCC patients is mainly related to three 
factors: tumour burden (lesion number and size, 
the presence of vascular invasion, and extrahe-
patic spread), liver function (the presence of 
cancer- related symptoms) and, finally, treatment 
accomplished (i.e., resection, liver transplanta-
tion, ablation, TACE, systemic therapy, or best 
supportive care).

In Western countries, the most commonly 
used staging system for establishing prognosis 
and determining the choice of treatment for HCC 
is the BCLC system, originally proposed in 1999 
(LLovet et  al. 1999) and subsequently updated 
(Forner et  al. 2010; Forner et  al. 2012; Forner 
et al. 2018). It consists of five stages: very early, 

early, intermediate, advanced and terminal, 
according to the variables related to tumour bur-
den, liver function (Child-Pugh class), clinical 
status and cancer-related symptoms (Eastern 
Cooperative Group Performance Status [ECOG 
PS]) (Table  1). The BCLC staging system has 
also been endorsed for HCC management by the 
guidelines of the American Association for the 
Study of Liver Diseases (AASLD), the American 
Gastroenterology Association (AGA), the 
European Association for the Study of Liver 
(EASL) and the European Organization for 
Research and Treatment of Cancer (EORTC) 
(Bruix and Sherman 2011; Marrero et al. 2018; 
EASL 2018). Moreover, the BCLC staging sys-
tem is the only staging system that assigns treat-
ment strategies based on specific prognostic 
subclasses.

Other guidelines also include tumour resect-
ability and are based on the modified Union of 
International Cancer Control staging system and 
the Child-Pugh class of liver function. The more 
recent and detailed Asia-Pacific guidelines 

Hepatocellular carcinoma

Very early stage (0)
Single ≤ 2cm
Preserved liver function
ECOG PS 0

Early stage (A)
Single or up to 3 nodules ≤ 3cm
Preserved liver function
ECOG PS 0

Intermediate stage (B)
Multinodular
Preserved liver function
ECOG PS 0

Advanced stage (C)
Portal invasion
Extrahepatic spread
Preserved liver function
ECOG PS 1-2

Terminal stage (D)
End-stage liver function
ECOG PS 3-4

Best supportive careSistemic therapyChemoembolisationAblationAblation Resection Transplantation

No Yes

No Yes

Normal Increased Associated deseases

Portal
pressure
Bilirubin

Potential candidate for
liver transplantation

Solitary Up to 3 nodules
≤ 3cm

Table 1 Barcelona clinic liver cancer (BCLC) staging system and treatment strategy (modified from Forner et al. 2018)

ECOG PS Eastern Cooperative Oncology Group Performance Status
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(Table 2) (Omata et al. 2017) are evidence-based 
and consider six parameters: extrahepatic diffu-
sion, Child-Pugh classes, resectability, macrovas-
cular invasion, tumour number and tumour size.

According to the European Association for the 
Study of the Liver (EASL) guidelines (EASL 
2018) and the AASLD guidelines (Marrero et al. 
2018), TACE is the current standard of care for 
intermediate-stage disease (BCLC stage B) 
which includes unresectable patients with multi-
nodular HCCs without vascular invasion or extra-
hepatic spread and with well-preserved liver 
function who cannot benefit from curative treat-
ment; they are defined as Child-Pugh (CP) ≤ B7 
stage with preserved performance status 
(PS = 0–1).

Absolute and relative contraindications to 
TACE are reported in Table 3.

A precise anatomical evaluation is essential 
for performing TACE; thus, accurate pre- 
treatment imaging (Computed Tomography 
(CT) or Magnetic Resonance (MR) examina-

tions) should be achieved preliminary to TACE 
treatment in order to detect all the feeding arter-
ies of the tumour including any possible extra-
hepatic arteries which may supply the tumour 
(Covey et al. 2002), since HCC can have multi-
ple feeding arteries which can originate from 
different trunks and may develop more 

Extrahepatic
metastasis

Child-Pugh

Resectability

Macrovascular
invasion

Tumour number

Tumour size

Resection
RFA

RFA
(≤3 nodules, ≤3 cm)

Systemic
therapy

Systemic
therapy Systemic

therapy

TACE

TACE

LT
BSC

BSC

≤3 cm) ≤3 cm)

≤3 >3

No

No

No Yes

Yes

A/B

Yes

C A/B C

Hepatocellular Carcinoma

Table 2 Treatment algorithm for hepatocellular carcinoma (modified from Omata et al. 2017)

TACE transarterial chemoembolisation, RFA radiofrequency ablation, LT liver transplantation, BSC best supportive 
care

Table 3 Absolute and relative contraindications to TACE 
(modified from Facciorusso et al. 2015)

Absolute
  • Child-Pugh ≥ B8
  • Massive replacement of both lobes
  •  Technical impossibility to hepatic artery 

catheterization
  • Impaired portal blood flow
Relative
  • Tumor size ≥ 10 cm
  • Varices at high risk of bleeding
  • Bile duct occlusion
  • Severe cardiopulmonary comorbidities
  • Kidney failure
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frequently after the first treatment (Chung et al. 
2006) (Figs. 1, 2 and 3).

Kim et al. (2005) described 2104 extrahepatic 
collateral vessels in 1622 TACE sessions per-
formed on 860 patients; TACE procedures were 
performed via 1556 extrahepatic collateral ves-
sels (74%) in 732 patients (1281 sessions).

More recently introduced cone-beam com-
puted tomographic angiography (CBCTA) can 
help in identifying the collateral vessels and pro-
vide a detailed map of every feeding vessel to the 
target lesions, also useful in catheter guidance 
during the procedure. It has been shown to 
improve the technical success of TACE which 
may lead to a better outcome of the treatment 
(Fig. 4) (Angle et al. 2013, Miyayama et al. 2011, 
Yao et al. 2018).

Furthermore, it is well established that the use 
of selective/superselective TACE more often 
results in better outcomes and fewer adverse 
events (AEs). A selective/superselective 
procedure achieves better antitumoural effects 
and reduces both the dose of the drugs and the 
number of TACE sessions needed to achieve 
extensive tumour necrosis (Ji et al. 2008, Matsui 
et  al. 1994, Miyayama et  al. 2007, Park et  al. 
2007, Golfieri et al. 2011).

1.1.1  Conventional TACE (cTACE)
Conventional TACE was developed in the early 
1980s in Japan and broadly adopted worldwide 
after two randomised control trials (RCTs) (Llovet 
et  al. 2002, Lo et  al. 2002) and a meta- analysis 
demonstrated he superiority of Lipiodol TACE to 
best supportive care. Conventional TACE has 
been established as the standard treatment for 
intermediate-stage HCC without portal vein inva-
sion and consists of the intra-arterial injection of 
doxorubicin (LLovet et  al. 2002) or cisplatinum 
(Lo et al. 2002) mixed with Lipiodol, followed by 
the administration of an embolic agent.

1.1.1.1 cTACE Protocol
Preliminary triple-phase cross-sectional imaging 
should be carried out before the procedure to 
identify major anatomic variants in the 
hepatic arterial anatomy and, during the TACE 
procedure, dedicated mesenteric and celiac 

a b

Fig. 1 Angiographic study showing selective catheterisation of the axillary artery (a) and subsequent transarterial 
chemoembolisation performed via the right internal mammary artery (b)

Fig. 2 Angiographic study showing the adrenal artery as 
the main feeding nodule vessel

Transarterial Chemoembolisation and Combined Therapy
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angiography is required to detect subtle arterial 
anatomic variants; maximal effort should be 
made to identify possible branches to the extrahe-
patic structures and possible extrahepatic collat-
erals supplying the liver tumour (i.e., the inferior 
phrenic artery, internal mammary artery, adrenal 
artery, and intercostal artery).

Chemotherapeutic Agents. Conventional 
TACE with Lipiodol involves the intra-arterial 

injection of a cytotoxic drug, such as anthracy-
clines (doxorubicin, epirubicin), mitomycin C, 
cisplatin, idarubicin alone, or a combination of 
doxorubicin and cisplatin emulsified in the oily 
radio-opaque agent Lipiodol (Lipiodol® Ultra- 
Fluid, Guerbet Laboratories, Roissy, France) 
(Fig. 5). At the end of the intra-arterial infusion 
of the drug/Lipiodol emulsion, an embolic agent, 
such as a gelatin sponge (Gelita® Medical) 

a b

Fig. 3 (a) Superselective transarterial chemoembolisa-
tion into the right inferior phrenic artery contributing to 
the perfusion of a nodule of the dome of the liver. (b) 
Angiographic study performed after chemotherapy mix-

ture injection, showing complete stasis of the arterial flow 
through the vessels feeding the nodule, maintaining the 
flow into the proximal trunk of the phrenic artery

a b

Fig. 4 (a) Angiographic study showing selective cathe-
terisation of the right hepatic artery (the left hepatic artery 
originates from the left gastric artery (black arrow). (b) 
Cone-beam computed tomographic angiography 

(CBCTA) reconstruction using EmboGuide software 
(Philips®) showing the nodule feeding vessels, useful in 
guiding the catheterisation preliminary to performing the 
transarterial chemoembolisation
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(Fig.  6), polyvinyl alcohol particles (PVAs), or 
microspheres are injected in order to induce com-
plete stasis. Both the chemotherapeutic mixture 
and the embolising agent are delivered as close to 
the tumour as possible, with the catheter tip 
placed superselectively in order to penetrate not 
only into the HCC but also into the drainage area, 
including daughter nodules or microsatellites.

Regarding the ideal dose of chemotherapeutic 
agents, data from the literature reported a usual 
dose of 10–70 mg for doxorubicin and 10–120 mg 
for cisplatin per session (Marelli et  al. 2007, 
Bruix et al. 2004). The criteria to determine the 
optimal doses are not standardised: some authors 
refer to patient body surface area (BSA), weight, 
tumour burden or bilirubin level, and some used 
a fixed dose. In the literature, there are a few 
RCTs that have failed to show significant differ-
ences in survival between the use of different 
drugs (doxorubicin, cisplatin or epirubicin), and 
different doses (Kasugai et al. 1989, Kawai et al. 
1997, Watanabe et al. 1994). Marelli et al. (2007) 
have not demonstrated the superiority of any sin-
gle chemotherapeutic agent over other drugs or 
for mono-drug chemotherapy versus combina-
tion chemotherapy.

Lipiodol (Lipiodol® Ultra-Fluid, Guerbet 
Laboratories, Roissy, France) is an iodinated 
ethyl ester of poppy seed oil, first used as an oily 
contrast medium in lymphangiographic studies. 
Its use dates back to 1974 (Doyon et  al. 1974) 
and in the early 1980s (Nakakuma et al. 1983), 
with the spread of cTACE, Lipiodol was intro-
duced as a drug carrier. Lipiodol is a microvessel 
embolic agent, a carrier of chemotherapeutic 
agents into the tumour (Kan et  al. 1997, Raoul 
et al. 1992) and it retains them inside the tumour 
for a long time (Kan et al. 1994a, b) enhancing 
the antitumour effects, thanks to the filling into 
the portal veins.

In the normal liver parenchyma, Lipiodol 
accumulates in the portal venules using arterio-
portal shunts; it is gradually released into the sys-
temic circulation via the hepatic sinusoids or 
undergoes phagocytosis by Kupffer cells (Kan 
et al. 1993, Kan et al. 1994a, b). On the contrary, 
in HCC and hypervascular liver metastases, 
Lipiodol has the property of preferential accumu-
lation and longer retention than in the normal 
liver. The rationale lies in the fact that HCC is 
hyper-vascularised and thus determines a 
“siphoning effect” which is enhanced by the 
absence of Kupffer cells inside the tumour 
tissues, resulting in the embolic effects on smaller 
vessels (Ohishi et al. 1985). Another fundamental 
role of Lipiodol is its capacity to carry 

a

b

Fig. 5 cTACE protocol and therapeutic agents. (a) 
Farmorubicin® and Lipiodol® packages. (b) Image show-
ing the emulsion of the chemotherapeutic agent with 
Lipiodol®

Transarterial Chemoembolisation and Combined Therapy
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chemotherapeutic agents into the tumour. When 
the emulsion is injected, the drug is slowly 
released from the Lipiodol and remains in high 
concentration within the tumour for a prolonged 
period. When injected into the hepatic artery, 
Lipiodol selectively remains in the tumour nod-
ules for several weeks to over a year.

Furthermore, Lipiodol circulates beyond the 
tumour-feeding arteries into the distal portal 

branches because of arterioportal communication 
through the peribiliary capillary plexus and the 
drainage route from the tumour itself (Kan et al. 
1994a, b, Terayama et  al. 2001). Lipiodol also 
exerts a temporary embolic effect both on the 
hepatic artery and the portal branches (de Baere 
et al. 1998, Kan et al. 1994a, b).

Another major advantage of Lipiodol TACE 
is the ability to control the delivery of the treat-

a b

c

Fig. 6 Embolic agents. (a) Spongel (Gelita® Medical). (b) Polyvinyl alcohol particles (PVAs). (c) Glue (Glubran®)
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ment by continuous visualisation of the thera-
peutic agents due to the radio-opacity of 
Lipiodol. The Lipiodol drug emulsion is actively 
monitored until the tumour vascular bed is satu-
rated, and stasis is obtained in the very periph-
eral branches. Opacification of the small 
peripheral portal branches around the tumour 
with Lipiodol is a common finding and has been 
demonstrated as a predictive factor for tumour 
response to treatment associated with a lower 
rate of local recurrence (Miyayama et al. 2007), 
complete necrosis (Miyayama et  al. 2007), 
including necrosis of the liver parenchyma 
around the lesion and its satellite nodules, and 
achieving safety margins in a manner similar to 
radiofrequency ablation (Miyayama et al. 2009). 
Local tumour recurrence was significantly lower 
when a greater degree of portal vein visualisa-
tion with Lipiodol was demonstrated during 
TACE (Fig.  7) (Miyayama et  al. 2007). The 
deposition of Lipiodol in the portal veins around 
a tumour has been reported to have stronger anti-
tumour effects than embolisation without 
Lipiodol.

Moreover, intratumoural retention of Lipiodol, 
as detected on postprocedure CT scan, is useful 
in detecting the response to the treatment and in 

predicting overall survival (OS) (Fig.  8). (Kim 
et al. 2012; Kim et al. 2009).

Although Marelli L et al. (2007) reported that 
the use of Lipiodol in TACE has been challenged, 
nowadays robust evidence confirms the efficacy 
of the use of Lipiodol, and it is still widely 
adopted in TACE protocol.

Embolic agents. Embolisation can be per-
formed using either permanent or temporary 
embolic agents. Different embolic agents have 
been reported in the literature; the most com-
monly used include gelatin sponges (Gelita® 
Medical), PVA particles and microspheres. Steel 
coils, autologous blood clots and degradable 
starch microspheres have also been reported. Of 
these, PVA, microspheres and steel coils are 
 permanent embolic agents while the others 
embolise temporarily. No consensus is available 
on which is the most appropriate embolic agent; 
as a general rule, the optimal embolic agent is 
that which can embolise the peripheral portions 
of the hepatic artery as much as possible in order 
to stop the hepatic arterial flow and prevent the 
development of collateral feeding arteries to the 
tumour. A gelatin sponge is the most widely used 
embolic agent; it can be prepared in various 
forms (particles, pledgets or fragments), and its 

a b

Fig. 7 Angiogram showing the superselective catheteri-
sation of a large hepatocellular carcinoma (HCC) and the 
injection of the chemotherapeutic mixture (a); (b) the 

injection was stopped when the deposition of Lipiodol® 
into the portal vein around the tumour was reported
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major advantage is that it induces temporary 
occlusion and allows revascularisation within 2 
weeks, enabling a sequential treatment (Coldwell 
1994). An experimental study on animals (Kan, 
1993) has demonstrated that hepatic artery 
embolisation with a gelatin sponge alone does 
not cause any damage to the liver.

1.1.1.2 cTACE: Therapeutic Efficacy/
Clinical Results
Chemotherapeutic agent injection and embolisa-
tion induce tumour necrosis which is evaluated 
by the pathological identification of the necrosis 
of the target nodules by a reduction in the viable 
tumour burden identified on contrast-enhanced 
CT scans and by a decrease in tumour marker 
serum levels (Ji et al. 2008).

However, the therapeutic efficacy of TACE in 
inducing tumour necrosis does not necessarily 
mean longer survival rates for HCC patients. 
Death from tumour progression is reported in 
almost 70–80% of patients treated with TACE, 
due to the recurrence of HCC or HCC nodules de 
novo.

Until 2002, small RCTs failed to show a sur-
vival advantage of TACE/transarterial embolisa-
tion (TAE) versus inactive treatment; the use of 
TACE remained controversial in patients not suit-
able for curative therapies (Bruix et  al. 1998, 
GETCH 1995, Lin et  al. 1988, Pelletier et  al. 
1990, Pelletier et al. 1998).

In 2002, two RCTs (Llovet et  al. 2002, Lo 
et  al. 2002) demonstrated the superiority of 
cTACE over best supportive care (BSC) for 

a b

c

Fig. 8 A computed tomography (CT) scan performed 
1 month after cTACE of a nodule located in the V seg-
ment. The pre-contrast CT scan shows a compact 

Lipiodol® uptake (a) The arterial phase (b) The venous 
phase (c) Showing no viable residual tumour, indicating a 
complete response to treatment
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intermediate- stage HCC.  Llovet et  al. (2002) 
showed significantly longer mean survival after 
cTACE (28.6  months) as compared to BSC 
(17.9 months; p = 0.009), and Lo et al. (2002), 
confirmed that cTACE has a benefit over BSC in 
terms of survival rate (57% vs. 32% at 1  year; 
31% vs. 11% at 2 years; 26% vs. 3% at 3 years, 
respectively, p = 0.002).

These RCTs were followed by the publication 
of a cumulative meta-analysis by Camma et  al. 
(2002) and a systematic review of randomised 
trials (LLovet et  al. 2003) showing that TACE 
significantly reduced the overall 2-year mortality 
rate as compared to conservative treatments 
(odds ratios [ORs]: 0.53 and 0.54; 95%  confidence 
intervals: 0.32–0.89 and 0.33–0.89; p  =  0.015 
and 0.017, respectively). According to the EASL-
EORTC Clinical Practice Guidelines, in 2012 
(EASL-EORTC 2012, EASL 2018), cTACE 
became the gold standard treatment for interme-
diate-stage HCC with the highest grade of rec-
ommendation (1A).

Of all the possible therapies for HCC, TACE 
is the least standardised, widely varying as to the 
chemotherapeutic agents injected, treatment 
devices used and therapeutic schedule 
(Facciorusso et  al. 2018, Lencioni et  al. 2016a, 
b). This poor standardisation is outlined in some 
Society guidelines, such as those from the 
Chinese National Health and Family Planning 
Commission, which recommend performing 
individualised chemoembolisation protocols 
(Zhou et al. 2018).

Since then, cTACE has been reported in many 
publications, performed using different methods 
of preparation and administration; in 2016, a 
worldwide expert panel published consensus 
technical recommendations in order to encourage 
cTACE standardisation as reported in Table 4 (de 
Baere et al. 2016a, b).

1.1.1.3 Complications of cTACE
Transarterial chemoembolisation can cause com-
plications that arise from underlying causative 

Table 4 Summary of the technical recommendations from experts on how to perform reproducible cTACE (modified 
from Raoul et al. 2019)

Item Recommendations for reproducible cTACE
Patient selection Pay particular attention to underlying liver disease and Performance Status (PS)
Pre-procedure imaging Perform multiphasic computed tomography (CT) or dynamic contrast-enhanced-

magnetic resonance imaging (MRI) of the liver before treatment allocation
Patient preparation Discuss systematic antiemetic treatment, intravenous hydration, and pain killer use as 

well as antibiotic prophylaxis according to the risk of liver abscess
Per-procedure imaging Use cone beam (CB)-CT for tumor visualization, targeting, and assessment of 

treatment completion
Chemotherapy Use doxorubicin 50–75 mg/m2 body surface area or cisplatin 50–100 mg/m2

Lipiodol emulsion To improve tumour deposit prepare water-in-oil emulsion (aqueous chemotherapy 
droplets in internal phase and Lipiodol in continuous external phase). The water-in-oil 
emulsion is obtained by mixing one volume of drug solution with two to three volumes 
of Lipiodol by pushing the drug syringe into the syringe containing Lipiodol

Embolizing agent Gelatin sponge is commonly used. Alternatively, the size of calibrated microspheres 
should be 100–300 μm in order to ensure distal occlusion with preservation of feeding 
segmental arteries

Selectivity Super selective cTACE, using microcatheter when treating a single tumour or low 
number of tumours

Endpoint Lipiodol opacification of the small arterioportal sinusoids should be used as a 
predictive factor for tumor response, tumor necrosis, and local recurrence

Response evaluation Assess tumour viability using the mRECIST criteria
cTACE regimen Perform at least two cTACE procedures 2–8 weeks apart before stopping due to a lack 

of response

PS performance status, CT computed tomography, MRI magnetic resonance imaging, (CB)-CT cone-beam computed 
tomography, cTACE conventional transarterial chemoembolisation, mRECIST Modified Response Evaluation Criteria 
In Solid Tumours
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factors or an application of erroneous techniques. 
Major factors that induce complications include 
compromised liver function, main portal vein 
obstruction, biliary tract obstruction, a previous 
history of bile duct surgery, Lipiodol overdose, 
hepatic artery occlusion due to repeated TACE 
and nonselective TACE (Chung et  al. 1996, 
Golfieri et al. 2011). The most common compli-
cation of TACE is postembolisation syndrome 
occurring in 60–80% of the patients after the pro-
cedure. It consists of transient abdominal pain, 
fever and elevation of the level of hepatic trans-
aminases (Wigmore et al. 2003). It is uncertain if 
postembolisation syndrome reflects damage to 
the normal liver parenchyma or tumour necrosis; 
it is mostly self-limiting within 3–4 days; how-
ever, a prolonged hospital stay may be required to 
monitor the patient and control pain.

The most serious complication is a hepatic 
failure which is related to TACE-induced isch-
emic damage to the non-target liver tissue and 
portal vein obstruction. A high dose of anti- 
cancer drugs and Lipiodol, a high basal level of 
bilirubin, prolonged prothrombin time and 
advanced Child-Pugh class have been identified 
as risk factors (Chan et al. 2002). Although the 
definition of TACE-induced hepatic failure is dif-
ferent in each study, its incidence varied widely 
from 0–49%, with a median incidence of 8% 
(Marelli et al. 2007).

Other TACE-related complications occur in 
less than 10% of cases and include ischemic cho-
lecystitis (mainly due to inadvertent injection of 
the Lipiodol mixture or embolisation of the cystic 
artery), hepatic abscesses and biliary strictures 
(Bruix et  al. 2004); however, the majority of 
cases are asymptomatic and rarely require percu-
taneous drainage or a cholecystectomy. Liver 
abscess is a rare complication reported in 0.2% of 
a series of 6255 TACE procedures (Song et  al. 
2001), more frequently occurring in patients who 
had undergone previous intervention in the bili-
ary system which is prone to ascending biliary 
infection. The prophylactic use of antibiotics 
should be considered in these patients. Another 
possible complication, even though rare (0.5–2% 
incidence), is biloma (Kim et  al. 2001; Wang 
et  al. 2005). Upper gastrointestinal complica-

tions, such as gastritis, ulceration and bleeding, 
can occur after TACE due to the reflux of the 
embolic agents into the gastric arteries and the 
presence of anatomic variants (e.g., an accessory 
left gastric artery arising from the left hepatic 
artery). Upper gastrointestinal bleeding occurred 
in 3% (median) of the patients (range, 0–22%) in 
23 trials which involved 2593 patients (Marelli 
et al. 2007). It is very important to recognise any 
of the anatomic variants and to prevent the reflux 
of a drug into the gastrointestinal organs.

1.1.2  Drug-Eluting Bead (DEB)-TACE
Although conventional Lipiodol-based TACE is 
the most popular TACE technique, the 
 introduction of an embolic drug-eluting bead 
(DEB) has provided an attractive alternative to 
conventional regimens.

Drug-eluting bead microspheres are com-
posed of a hydrophilic, ionic polymer that can 
bind anthracyclines via an ion-exchange mecha-
nism, and they were developed to have the ability 
to sequester the chemotherapeutic agent and 
release it over time (a one-week period).

Transarterial chemoembolisation with drug- 
eluting beads (DEB-TACE), using calibrated 
microspheres preloaded with doxorubicin, has 
shown more sustained drug release in a slow and 
controlled manner with concomitant permanent 
embolisation, thus obtaining low circulating drug 
levels. With this technique, the pharmacokinetic 
profile is substantially improved, the side effects 
are reduced with lower systemic drug exposure 
due to the minimum passage of doxorubicin in 
the systemic circulation and significantly reduced 
liver toxicity as compared with cTACE.  DEB- 
TACE also provides levels of consistency and 
repeatability not available with cTACE, offering 
the opportunity of implementing a standardised 
approach to HCC treatment.

1.1.2.1 DEB-TACE Protocol
Bead size. Commercialised DEBs are composed 
of various hydrophilic ionic polymers that bind to 
anthracycline drugs via an anion exchange mech-
anism. Up to 37.5 mg of doxorubicin per mL of 
microspheres can be loaded in from 30  min to 
2 h. The beads are available in several diameters 
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ranging from 40 to 900 μm (Table  5) and they 
change in diameter after the drug is loaded 
(Table 6) (Lewis et al. 2006).

The choice of the best bead size depends on 
precise calibration, a high drug-loading capacity 
which means deeper penetration into the tumour 
vessels and increased spatial density (to avoid 
clumping in larger vessels upstream of the 
tumour). Moreover, ideal beads should also be 
able to cover the perinodular drainage area. There 
are differences in drug loading and release related 
to the type and the size of the microspheres as 
in vitro analysis has demonstrated (Lewis et al. 
2006, deBaere et al.2016a, b)

1.1.2.2  DEB-TACE: Therapeutic  
Efficacy/Clinical Evidences

There are currently no definitive recommenda-
tions on which DEBs should be preferred since 
there is a lack of RCTs that compare the different 
DEB devices and only retrospective single centre 
studies are, for the most part, available.

The smaller commercialised DC Bead M1® 
(70–150 μm) (BTG) has been evaluated in recent 
studies (Malagari et  al. 2012; Spreafico et  al. 
2015) which showed an objective response rate 
(ORR) ranging from 77 to 93%.

HepaSphere® microspheres (Merit Medical) 
are another type of commercialised superabsor-
bent microspheres (30–60 μm) which expand in 
diameter according to the suspension protocol: 
166–242  μm in diameter in saline and 
145–213 μm in a doxorubicin solution (Liu et al. 
2012). In 2014, Malagari et al. (2014) evaluated 
the outcome of 45 patients treated with 
HepaSphere® (30–60 μm) and reported an ORR 
of 68.9% with no serious adverse events.

In 2018, the MIRACLE I pilot study showed 
that Embozene TANDEM® 75 μm microsphere 
(Boston Scientific) loaded doxorubicin provided 
good local tumour control (95%) in a small 
cohort of patients with the unilobar disease 
(Richter et al. 2018)

Aliberti et  al. suggested that TACE with 
LifePearl® microspheres (Terumo) loaded with 
doxorubicin was efficient and safe for the treat-
ment of unresectable primary liver cancer 
(Aliberti et al. 2016)

In the first phase II trial of DEB-TACE, Varela 
et  al. demonstrated that the DEB-TACE group 
(DC Beads® 500–700  μm (BTG)) had a lower 
plasma doxorubicin Cmax and Area Under the 
Curve (AUC) for up to 7 days as compared to the 
cTACE group (Varela 2007)

Table 5 Drug-eluting beads (DEBs) present on the market and different available bead sizes

Type
After loading 
with Doxo

Size ranges  
smaller size   

Size ranges 
larger size

Tandem ™
(Boston Scientific-Celonova, 
Marlborough, Massachusetts)

Size reduction 
of 5–9%

40 ± 10 μm 75 ± 15 μm 100 ± 25 μm 

LifePearl ™
(Terumo European Interventional 
Systems, Leuven, Belgium)

Size reduction 
of 20–25%

100 ± 25 μm 200 ± 50 μm 400 ± 50 μm

DC Bead ™
(BTG, Farnham, United 
Kingdom)

Size reduction 
of 20%

70–150 μm 
(DC Bead™)

100–300 μm 300–500 μm 500–700 μm

HepaSphere ™
(Merit Medical, South 
Jordan,Utah).

Expand up to 
4 times

30–60 μm 
dry 120–240 
μm expanded

50–100 μm 
dry 200–400 
μm expanded

100–150 μm 
dry 400–600 
μm expanded

150–200 μm 
dry 600–1000 
μm expanded

Table 6 Change in the diameters of unloaded and 
Doxorubicin-loaded Microspheres (from de Baere et  al. 
2016)

Microsphere type
Diameter (μm)
Unloaded Doxorubicin-loaded

DC Bead™ 173 ± 53 138 ± 46
LifePearl™ 199 ± 24 151 ± 18
Tandem™ 98 ± 15 89 ± 15
HepaSphere™ NA 165 ± 28
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In 2012, two retrospective studies comparing 
DEB-TACE using 100–300 μm to 300–500 μm 
microspheres in select BCLC-A or -B patients 
(Burrel et al. 2012; Malagari et al. 2012) showed 
that the median OSs in the two groups was 
43.8  months and 48  months, respectively. 
Although no studies have compared the efficacy 
of different sizes of DC-Bead®, the 100–300 μm 
beads became the most frequently used 
microspheres.

1.1.3  Patient Selection 
and Repetition Protocols

The ability to predict prognosis after the first or 
repeated TACE for HCC is mandatory to maxi-
mise treatment outcomes. Therefore, over time, 
different risk stratification scores have been 
developed to identify patients who may or may 
not benefit from the first treatment and/or from 
TACE repetition.

Two scores were developed to improve 
patient selection for the first TACE treatment: 
the Selection for Transarterial chemoembolisa-
tion treatment (STATE) score (Hucke et  al. 
2014), which includes serum albumin level, 
tumour load, and C-reactive protein (CRP) 
level, and the Hepatoma arterial-embolisation 
prognostic (HAP) score (Kadalayil et al. 2013), 
which is based on four parameters (albumin, 
bilirubin, alfa-fetoprotein (AFP) and tumour 
size).

Two score systems were developed to select 
patients for TACE repetition: the Assessment for 
Retreatment with TACE (ART) score (Siegart 
et  al. 2013) and the ABCR (α-fetoprotein, 
Barcelona Clinic Liver Cancer, Child-Pugh, and 
Response) score (Adhoute et al. 2015).

The ART score includes a serum aspartate 
aminotransferase (AST) increase >25% after the 
first TACE, an increase in the Child-Pugh score 
of 1, 2 or more points after the first TACE, and 
the absence of radiological tumour response. The 
START strategy combines the STATE and the 
ART score and aims to indicate patient selection 
both for the first treatment and for retreatment.

The ABCR score includes an AFP 
level ≥ 200 ng/mL at baseline, the BCLC stage at 
baseline, an increase in the Child-Pugh score of 

≥2 points from baseline after the first TACE ses-
sion, and radiologic response after the first TACE 
session (Kloeckner et al. 2017).

A study published in 2016, (Cappelli et  al. 
2016) suggested that an individual prognostica-
tion tool is feasible, based on easily available 
pre- TACE parameters, such as the number of 
tumours, serum albumin, total bilirubin, alpha-
fetoprotein and maximum tumour size. For this 
reason, a web-based calculator (optimised for 
smartphones) was developed and published 
online at http://www.liver-cancer.eu/mhap3.
html. This enables physicians to calculate sur-
vival during their daily routine, an outpatient 
examination or even directly at the patient’s 
bedside.

None of the scoring systems have been vali-
dated prospectively, and their ability to 
 prognosticate in other Eastern and Western 
cohorts has been variable. Larger multicentre 
series are necessary.

Considering a median dose of 50–75 mg/m2 of 
doxorubicin for a single TACE procedure and a 
maximum cumulative dose of 450 mg/m2 to pre-
vent cardiotoxicity, 6–9 TACE treatments are 
allowed in a single patient.

However, according to European guidelines 
(EASL 2018), TACE should not be repeated 
when substantial.

necrosis is not achieved after two rounds of 
treatment or when follow-up treatment fails to 
induce.

marked necrosis at sites that have progressed 
after the initial tumour response. The guidelines 
also set the limit of cumulative doxorubicin 
which should be administered at 450  mg/m2. 
However, the maximum number of TACE proce-
dures to be performed on each patient should be 
decided on by a multidisciplinary tumour board, 
according to the lobar/bilobar tumour distribu-
tion, the response in the lesion/s treated and indi-
vidual tolerance to the treatment. To date, tumour 
burden, BCLC stage at baseline, Child-Pugh 
score and radiologic response are considered to 
be the most predictive factors for TACE retreat-
ment decision-making.

In summary, TACE should not be repeated 
when complete necrosis is not achieved after 
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TACE treatments or when there is progression or 
liver function impairment, worsening of perfor-
mance status, portal vein tumour thrombosis or 
extrahepatic metastases (Facciorusso et al. 2015, 
Terzi et al. 2012, Terzi et al. 2014). Transarterial 
chemoembolisation can be repeated continuously 
in the case of a suspicious viable tumour seen in 
follow-up imaging. No real consensus exists 
regarding the frequency of TACE and the interval 
between two TACE treatments. Experts in the 
field propose on-demand repetition with longer 
intervals between treatments rather than a regular 
predefined schedule (Raoul et al. 2011, Bolondi 
et al. 2012)

A treatment algorithm for patients undergoing 
TACE proposed by Bolondi et al. for the Italian 
Association for the Study of the Liver (Bolondi 

et al. 2013) recommends that TACE should not 
be repeated (untreatable progression) when:

• substantial necrosis is not accomplished after 
two initial sessions

• follow-up treatment fails to induce marked 
necrosis at sites which have progressed after 
an initial response

• major progression (substantial liver involve-
ment, vascular invasion, or extrahepatic 
spread) occurs after an initial response; 
retreatment is unsafe due to deterioration of 
the liver function

The corresponding reported algorithm pro-
posed is reported in (Table  7) (Position paper 
AISF. 2013).

Hepatocellular Carcinoma not amenable to curative treatments
• No portal/hepatic vein invasion (except subsegmental or segmental portal branches)

• No extrahepatic disease
• Child-Pug score ≤ B7

1st cTACE or DEB-TACE

2nd cTACE or DEB-TACE

Liver failure or severe
adverse events

No

Yes

Resolution

Palliation

Disease progression
Stable disease (target lesions)

Stable disease
Disease progression

Vascular invasion

Consider
SORAFENIB

Consider another course of
cTACE or DEB-TACE

(and/or ablation techniques)

MRI or CT
(at 1 month)

MRI or CT
(at 1 month)

Partial
response

New
lesion(s)Recurrence

Complete
response

MRI or CT
(every 3 months)

Table 7 Treatment algorithm for patients undergoing transarterial chemoembolisation (modified from Position paper 
of the Italian Association for the Study of the Liver (AISF): the multidisciplinary clinical approach to hepatocellular 
carcinoma 2013)

cTACE conventional transarterial chemoembolisation, DEB-TACE drug-eluting bead transarterial chemoembolisa-
tion, MRI magnetic resonance imaging, CT computed tomography
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1.1.4  Choosing Between cTACE 
and DEB-TACE: Tumour 
Response and Survival

Several trials have compared cTACE and DEB- 
TACE in terms of both efficacy and safety. 
Nowadays, the best choice between cTACE and 
DEB-TACE follows the evidence coming from 
two well-conducted RCTs.

The first was the PRECISION V multicentre 
RCT phase II trial (Lammer et al. 2010), showing 
that DEB-TACE performed with DC Bead® 300–
500 μm followed by DC Bead® 500–700 μm, is 
not superior over cTACE for tumour response at 
6 months after the procedure (p = 0.11), which 
was the primary endpoint of the trial.

The second phase III RCT of Golfieri et  al. 
(2014) for the PRECISION ITALIA STUDY 
GROUP enrolled 177 patients (89  in the DEB- 
TACE group and 88  in the cTACE group). The 
results showed no difference in tumour response 
and in median time-to-progression (9 months in 
both arms). The 1- and 2-year survival rates were 
similar: 86.2% and 56.8% after DEB-TACE, 
respectively, and 83.5% and 55.4%.

after cTACE, respectively (p = 0.949).
Although the heterogeneity in patient selec-

tion makes it difficult to draw definitive conclu-
sions regarding the best treatment, the 
meta-analysis of Facciorusso et al. (2016) which 
included 1449 patients, confirmed the 
 non- superiority of DEB-TACE over cTACE in 
terms of tumour response and survival.

According to the Italian Association of 
Medical Oncology (AIOM) (AIOM 2018), due to 
the lack of convincing evidence in favour of 
DEB-TACE over cTACE in terms of survival, the 
choice depends on the single centre or operator 
experience. In Italy, according to a recent survey, 
DEB-TACE was performed more frequently than 
cTACE (52% vs. 32%) (Bargellini et  al. 2014). 
According to the position of the Italian 
Association for the Study of the Liver (AISF): the 
multidisciplinary clinical approach to hepatocel-
lular carcinoma 2018), DEB-TACE may be pre-
ferred to cTACE in Child-Pugh B or ECOG PS 1 
patients (Grade of recommendations 2b-B).

The current European guidelines do not 
endorse one technique over the other, due to the 

lack of sufficient evidence, and leave the choice 
to the operator (EASL Guidelines 2018).

1.1.4.1  CTACE and DEB-TACE: Choice 
of Drug

An additional debatable point is the choice of the 
chemotherapeutic drug to use. In fact, there is no 
univocal agreement on the optimal chemotherapy 
to use in TACE, and no cytotoxic agent has defini-
tively been proven to be superior to the others 
(Marelli et al. 2007). Despite being the most fre-
quently used, there is no evidence that doxorubi-
cin is the most appropriate chemotherapeutic 
agent for TACE in HCC. The rationale for its use 
is quite limited, and no rigorous preclinical data 
have ever supported its preferential use with 
respect to other cytotoxic agents. Randomised 
control trials, focusing on other outcomes and a 
meta-analysis have demonstrated that doxorubi-
cin administered in the setting of DEB-TACE is 
as effective as when administered emulsified with 
Lipiodol (Lammer et  al. 2010, Golfieri et  al. 
2014). Moreover, regarding safety, no substantial 
differences were observed. The two RCTs which 
compared Doxorubicin to epirubicin in cTACE 
for HCC did not show any difference in terms of 
efficacy (Watanabe et al. 1994, Kawai et al. 1997).

In DEB-TACE, with respect to specific tech-
niques, in vitro studies have demonstrated that the 
microspheres can be loaded with several different 
drugs (Jordan et al. 2010, Lee et al. 2010); epirubi-
cin is one of them and the data available have 
shown that DEB- TACE with epirubicin is effec-
tive and safe (Sattler et al. 2018). In DEB- TACE, 
the pharmacokinetics of the drug in patients treated 
with epirubicin-loaded microspheres is similar to 
that of doxorubicin (Sottaniet al. 2012).

1.1.4.2  Choosing Between cTACE 
and DEB-TACE: Safety

Both DEB-TACE and cTACE may be responsible 
for the typical postembolisation syndrome. Data 
from the literature (Lammer et al. 2010, Golfieri 
et al. 2014, Facciorusso et al. 2018) have failed to 
find any difference between DEB-TACE and 
cTACE in terms of safety. In the PRECISION V 
study, there was no significant difference in serious 
adverse events (p  =  0.86) in DEB-TACE and 
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cTACE within 30 days of the procedure (20.4% 
and 19.4% after DEB-TACE and cTACE, respec-
tively) (Lammer et al. 2010). In the PRECISION 
ITALIA STUDY GROUP trial, post-procedural 
pain was less frequent in the DEB-TACE arm 
(Golfieri et  al. 2014). Similarly, a recent meta- 
analysis pooled 9 studies and included 1026 
patients reported to have a severe AE rate with no 
statistical difference between the cTACE and the 
DEB-TACE groups (OR 0.85, 0.60–1.20, 
p = 0.36) (Facciorusso et al. 2018). Interestingly, 
regarding the cirrhotic HCC group, other studies 
have reported at least one liver/biliary injury in 
30.4% of the DEB-TACE procedures versus 4.2% 
of the cTACE procedures (p < 0.001) (Guiu et al. 
2012)

Recently, a retrospective study compared 
TACE-related hepatic toxicities 3  months after 
cTACE and DEB-TACE in 151 patients and 
reported a significantly higher incidence of 
biloma in the DEB-TACE group than in the 
cTACE group (p < 0.001) (Monier et al. 2017).

Regarding the incidence and predictors of 
hepatic arterial damage after DEB-TACE versus 
cTACE treatment, some authors have proven that 
the incidence was significantly higher after DEB- 
TACE when analysed per branch (OR 6.36; 
p < 0.001) and per patient (OR 3.15; p = 0.005), 
and the doxorubicin dose results was a possible 
risk factor (Lee et al. 2017).

1.1.4.3  Choosing Between cTACE 
and DEB-TACE: Cost

The use of DEB-TACE in HCC patients led to a 
significantly lower rate of rehospitalisation for 
the management of TACE-related toxicities with 
a better economic profile (Vadot et al. 2015).

An Italian group (Cucchetti et al. 2016) pre-
sented a cost-effective analysis comparing 
cTACE and DEB-TACE which included 1860 
patients performed from the healthcare-provider 
point of view following a Markov simulation 
model from the first TACE until death. They 
showed that the direct incremental cost of DEB- 
TACE was not particularly high and would be 
amortised by the shorter hospital stay, the better 
quality of life and the mild survival improvement 
obtained. Because of a longer (p  =  0.001) in- 

hospital stay after cTACE, due to more frequent 
postembolisation syndrome, the global cost was 
not significantly lower for cTACE as compared to 
DEB-TACE.  The authors concluded that DEB- 
TACE was cost-effective as compared to the con-
ventional procedure.

1.1.5  Assessment of Tumour 
Response

Conventional criteria based on tumour diameter 
shrinkage (Response Evaluation Criteria In Solid 
Tumour [RECIST] criteria) (Lencioni et al. 2010) 
were poor predictors of survival of HCC patients 
undergoing intra-arterial therapies and locore-
gional treatments (Ronot et al. 2014)

Therefore, modified RECIST (mRECIST) cri-
teria were introduced in 2010; they take into 
account the residual viable tumour after TACE, 
detected at multiphasic CT and MRI as enhanc-
ing areas in the late arterial phase and washout in 
the portal/delayed phases. (Lencioni et al. 2010).

After DEB-TACE, tumour response can be 
assessed using either dynamic CT or MRI 
whereas, after cTACE, MRI is preferred over CT 
where the dense Lipiodol deposition can obscure 
a residual hypervascular tumour and underesti-
mate its extent.

The completeness of Lipiodol deposition is 
also considered to be a helpful tool in evaluating 
the response rate after treatment for patients with 
large HCC lesions (Forner et al. 2009, Takayasu 
et al. 2000, Chen et al. 2016a, b). In particular, 
complete Lipiodol tumour deposition is consid-
ered to indicate tumour necrosis; a partial deposi-
tion suggests that a residual viable tumour is 
present, and the patient can be scheduled for 
TACE repetition.

1.1.6  The Real-World Indications 
for TACE

According to the BCLC staging system, TACE 
should only be indicated as the first-line treat-
ment for patients with intermediate-stage HCC; 
nevertheless, TACE is widely used not only in 
intermediate HCCs but also outside this specific 
scenario. In clinical routine practice, 
approximately 40% of TACE procedures are per-
formed on either BCLC A or, although more 
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rarely, on BCLC C patients (Bargellini et  al. 
2014). The heterogeneous practices among inter-
ventional radiologists have been outlined in two 
surveys in terms of indications, techniques and 
also in the assessment of tumour response 
(Bargellini et al. 2014; Fohlen et al. 2018).

Have recently proposed an updated treatment 
algorithm to treat HCC patients of any stage 
based on the new evidence from the literature, 
which is additionally detailed for any stage, thus 
justifying the “treatment stage migration” strat-
egy (i.e., “a therapeutic choice by which a treat-
ment theoretically recommended for a different 
stage is selected as the best 1st line treatment 
option”) (Table 8).

An updated algorithm decision tree for TACE 
in managing early, intermediate and advanced 
stage HCC can be the following.

• Early stage (Stage A)

Patients with BCLC early stage disease who 
cannot benefit from the recommended option 

(surgery and/or percutaneous ablation) can bene-
fit from TACE treatment, according to the litera-
ture and also mentioned in the most recent EASL 
guidelines as “stage migration strategy” (Burrel 
et  al. 2012, EASL 2018; Terzi et  al. 2012, 
Bargellini et al. 2012, Golfieri et al. 2011).

In some series, more than 40% of cases with 
solitary nodules, the majority with early-stage 
disease, were treated with TACE (Terzi et  al. 
2012, Takayasu et  al. 2012). Furthermore, the 
role of TACE as neoadjuvant therapy prior to 
liver transplantation (LT) is widely accepted, 
either as a bridge between treatments in patients 
on the waiting list or to downstage the tumour. In 
this setting, cTACE has been shown to reduce 
HCC recurrence after LT and to improve a post- 
transplant OS when the waiting list period is lon-
ger than 6–12  months (Pompili et  al. 2013). 
Drug-eluting bead TACE has not been widely 
evaluated as bridging therapy, and the current 
evidence is not as strong as for cTACE.

• Intermediate Stage (BCLC B)

Unresecable early stage Intermediate stage Advanced stage

Segmental PVTT
(Systemic treatment not feasible)

More evidence for cTACE

Systemic treatment1st TACE

2nd TACE
CE-CT or CE-MRI

Worsening liver function or PSScores to be
validated

No objective
response

EHS, PVT, PD in treated area
worsening in CP or PS

TACE or
cTACE +RFA

TACE on-demand

New lesions

Scores to be
validated

Response
in Milan Criteria

Liver transplantation

Strong evidence

Further trials required

TACE
(more evidence

for cTACE)

TACE cTACE +RFA

Within the Milan Criteria
(bridging therapy)

Out of the Milan Criteria

Objective
response

Table 8 A proposal of an algorithm decision tree for transarterial chemoembolisation in the management of the differ-
ent stages of HCC (modified from Raoul et al. 2019)

TACE transarterial chemoembolisation, HCC hepatocellular carcinoma, Seg PVTT segmental portal vein tumour throm-
bosis, RFA radio-frequency ablation, CECT contrast-enhanced computed tomography, CE-MRI contrast-enhanced mag-
netic resonance imaging, CP Child-Pugh, cTACE conventional transarterial chemoembolisation, EHS extrahepatic 
spread, PD progressive disease, PS performance status, PVT portal vein tumour thrombosis
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The Barcelona Clinic Liver Cancer (BCLC) 
intermediate and advanced stages (BCLC B and 
C) of HCC both include heterogeneous popula-
tions. Patients classified as BCLC stage B present 
with different tumour burdens, and, as is known, 
the recommended treatment is TACE.

For BCLB stage B, in 2012, a panel of experts 
(Bolondi et al. 2012) proposed a subclassification 
which identified four substages (B1–B4) of inter-
mediate HCC, incorporating the new concept of 
joint consideration of the tumour burden accord-
ing to the “beyond Milan” and the “within up-to-
 7” criteria together with the Child-Pugh score 
and PS (Table 9). The authors advised TACE as 
the first/alternative options for different substages 
of BCLC B patients due to their rather limited 
tumour bulk and substantially preserved hepatic 
function. Following this paper, in 2014, Ha et al. 
(2014) validated the model by examining 466 
BCLC B patients undergoing TACE. They devel-
oped a modified subclassification in which B3 
and B4 subclasses were merged as BIII while BI 
and BII corresponded to B1 and B2 of the Bolondi 
model. Median survival significantly differed 
among the three subclasses (41.0 vs. 22.1 vs. 
16.6 months, respectively, p ≤ 0.001), confirming 
it to be an effective tool for stratifying the BCLC 
B stage group. The most recent evaluation of the 
prognostic capability of the subclassification of 
Bolondi et  al. (2012) was carried out by Kim 

et  al. (2017) on 821 patients treated with 
TACE.  The B1, B2 and B3 subclasses showed 
significantly different survival rates between the 
contiguous stages with a median survival of 51.5, 
26, and 14.8 months, respectively (p < 0.001 for 
each comparison with the contiguous stratum 
until B3). The authors suggested a reclassifica-
tion, adopting the so-called “up-to-11” criteria, 
instead of the “up-to-7-2 criteria. According to 
the new proposal, median survival progressively 
decreased from B1 (44.8  months) to B2 
(21.5 months) and B3 (11.3 months), with a sig-
nificant difference between the contiguous stages 
(p < 0.001 for the comparison of each stage with 
the subsequent one).

An additional BCLC B subclassification has 
been developed by Kudo et  al. (2015) who has 
proposed the “Kinki criteria” which incorporate 
the idea of classifying patients by Child- Pugh 
scores (up to 7 and 8–9) and the “beyond Milan” 
and the “up-to-7” criteria from the Bolondi et al. 
classification. The Kinki staging system relies on 
three substages (Table 10). The authors include 
the combined therapies (TACE and ablation) in 
the potential treatment options in order to extend 
the ablation area if the tumour size was close to 
5 cm. Moreover, in patients with several nodules, 
superselective conventional TACE (cTACE) 
could be considered in order to carefully treat the 
tumours one by one with curative intent. When 

Table 9 A proposal for a subclassification of the intermediate stage of hepatocellular carcinoma (modified from 
Bolondi L et al. 2012)

Intermediate substage B1 B2 B3 B4 Quasi C
Child- Pugh score 5–7 5–6 7 8–9a A
Beyond Milan criteria and within the 
up-to-7 criteria

in out out any any

ECOG performance status 
(tumour-related)

0 0 0 0–1 0

Portal vein tumour thrombosis no no no no yes (segmental 
or 

subsegmental) 
sorafenib

1st option TACE TACE or TARE research trial LTb

Alternative LT TACE 
+ ablation

sorafenib TACE 
sorafenib

TACE or TARE

Median survival time, months 41.0 22.1 14.1 17.2

TACE transarterial chemoembolisation, LT liver transplantation, TARE transarterial radioembolisation, ECOG Eastern 
Cooperative Group Performance Status
aWith severe/refractory ascites and/or jaundice
bOnly if “up-to-7 IN” and PS 0
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superselective catheterisation was not applicable, 
TACE with drug-eluting beads (DEB-TACE) or 
balloon-occluded TACE (Irie et al. 2013) could 
be alternative options. Other proposals of sub-
classification of the BCLB stage were widely 
described in the review of Golfieri et al. (2019). 
The authors concluded that movements to subdi-
vide the BCLC intermediate stage were under-
way due to the marked diversity of patients 
included in this stage. Before being endorsed by 
guidelines and followed in clinical practice, sub-
staging systems must be externally validated in 
terms of prognostic ability and suitability to indi-
cate the most appropriate therapy for each 
patient.

• Advanced stage (BCLC C)

Similar to the intermediate stage, heteroge-
neity of tumour burden and liver function can 
be found among patients classified as advanced 
stage HCC (BCLC stage C), which includes a 
wide variety of patients with one or more 
adverse predictors, such as symptomatic 
tumours causing a decline in PS (ECOG PS 1 or 
2), macrovascular invasion (MVI) regardless of 
its location (hepatic veins [HV] or portal trunks) 

and extension, and/or extrahepatic spread, such 
as lymph node involvement or distant metasta-
ses, in patients with a wide range of residual 
liver function, defined by Child-Pugh class A or 
B (Guglielmi et al. 2008). The Western guide-
lines (EASL 2018) recommend systemic ther-
apy as a unique treatment option for patients 
with advanced HCC and preserved liver func-
tion (Child-Pugh class A). (Forner et al. 2012, 
Forner et  al. 2018, EASL 2018, Cheng et  al. 
2009). As a consequence, several proposals of 
subclassification for both these stages have 
been suggested in recent years,  differentiating 
the more appropriate treatment for each 
substage.

Unlike Western guidelines, the Hong Kong 
Liver Cancer (HKLC) staging system and the 
Japanese guidelines consider TACE, resection, 
hepatic intra-arterial chemotherapy (HAIC) and 
molecular-targeted agents as possible treatment 
alternatives in advanced-stage patients, depend-
ing on the patient’s clinical condition and tumour 
extension (Omata et al. 2017, Yau et al. 2014).

However, in the advanced stage, no tumoural 
portal vein thrombosis (PVT) can be considered 
prognostically equivalent since they have a 
different disease course according to the 

Table 10 Subclassification and treatment strategy of intermediate-stage HCC according to the Kinki criteria (modified 
from Kudo et al. 2015)

BCLC substage B1 B2 B3
Child- Pugh score 5–7 5–7 8–9
Beyond Milan and IN OUT ANY
Within up-to-7 IN OUT
Substage B3 A B3 B
Concept of treatment strategy curative intent non- curative, 

palliative
curative intent if 
within up-to-7

palliative, no 
treatment

Treatment option resection
ablation

superselective cTACE

DEB- TACEa

HAICb

sorafenibc

transplantation
ablation 

superselective
cTACE

HAIC
selective

DEB- TACE

Alternative DEB- TACE (large, 
Child- Pugh score 7) 

B-TACEd

cTACE DEB- TACE 
B-TACE, HAIC

BSC

HAIC hepatic arterial infusion chemotherapy, TACE transarterial chemoembolisation, DEB-TACE drug-eluting bead 
transarterial chemoembolisation, cTACE conventional transarterial chemoembolisation, BSC best supportive care
aDEB-TACE is recommended for very large tumours >6 cm
bHAIC (hepatic arterial infusion chemotherapy) is recommended for multiple tumours >6 cm
cSorafenib is recommended for patients having liver function with a Child-Pugh score of 5 and 6
dB-TACE (balloon-occluded TACE) is recommended when there are fewer tumours
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involvement of the peripheral, segmental, lobar 
or main trunk portal veins (Park et al. 2008), and 
the extent of the PVT should be assessed and 
staged differently. In 2010, Shi et al. (2010) clas-
sified PVT into four categories for surgical pur-
poses: (1) tumour thrombi involving only sectoral 
or segmental portal branches, (2) involvement of 
the right/left portal vein, (3) involvement of the 
main portal trunk and (4) involvement of the 
main portal trunk up to the superior mesenteric 
vein. The same authors reported differences in 
survival based on the portal vein invasion pat-
terns cited. This result was in line with a previous 
study by Park et al. (2018) who, in a series of 904 
HCC patients, showed that both the presence and 
the extent of the PVT (no portal vein invasion, 
first and second branch invasion, and main portal 
vein invasion) were independent predictors of 
survival.

Considering the different clinical outcomes 
based on the extent of PVT in the proposed sub-
classification of intermediate-stage HCC, 
Bolondi et  al. (2012) introduced a substage 
beyond B4, called “quasi C,” which represents a 
sort of overlap between the intermediate and the 
advanced stages (Table  9). This stage includes 
Child-Pugh class A, PS 0 patients with peripheral 
(subsegmental or segmental) PVT for whom 
TACE or TARE could also be considered as alter-
native treatment options to sorafenib.

Have recently published a detailed review 
highlighting the need for a subclassification due 
to the marked diversity of patients included in the 
BCLC stages.

The authors concluded that subclassifications 
are urgently needed for achieving better prognos-
tic performance, for proposing an updated guide 
for proper intervention, and for benchmarking 
the results of the different interventional options.

1.2  Transarterial Embolisation 
(TAE)

Transarterial embolisation (TAE) consists of the 
occlusion of the feeding arteries to the tumour 
using embolic agents without adding any chemo-
therapeutic drug. To date, the relative effective-

ness of TACE over TAE has not been established 
in randomised trials.

The 2002 RCT from Llovet, which repre-
sented the milestone of the superiority of TAE/
TACE over BSC (Llovet et  al. 2002), did not 
demonstrate any difference in median OS after 
TAE and TACE, but a significant survival benefit 
was observed with respect to BSC only in TACE 
arm. However, TAE was performed by the injec-
tion of a suboptimal agent, such as gelatin sponge 
fragments, very large particles only temporarily 
occluding the tumour-feeding vessels (Tsochatzis 
et al. 2012). A meta-analysis published in 2007, 
including three RCTs comparing TAE and TACE, 
showed no difference in mortality (Marelli et al. 
2007), although they consisted of trials using this 
suboptimal agent.

Many of the clinical studies evaluating the 
effectiveness of TAE and/or TACE in the treat-
ment of HCC patients are confounded by the use 
of a wide range of treatment strategies, including 
the type of embolic agents, type of drug, type of 
emulsifying agent and number of treatment 
sessions.

Ideally, embolisation should be carried out 
with the smallest and permanently occluding par-
ticles to ensure more selective occlusion of the 
small feeding tumour arteries and fewer side 
effects. In 2006, drug-eluting beads (DEBs) were 
introduced, specifically designed to slowly 
release chemotherapy, thus reducing the plas-
matic peak of doxorubicin-caused drug-related 
side effects, and maintaining the same therapeu-
tic efficacy as cTACE (Varela et al. 2007, Golfieri 
et al. 2014, Poon et al. 2007), with a favourable 
cost-effectiveness profile (Cucchetti et al. 2016).

Two additional RCTs regarding DEB-TACE 
and TAE with beads have been carried out, and 
neither showed any differences in survival 
(Malagari et al. 2010, Meyer et al. 2013).

A recent RCT (Brown et al. 2016) compared 
DEB-TACE and TAE, and reported no differ-
ence in response, progression-free survival 
(PFS) or OS (OS 19.6 vs. 20.8 months after TAE 
and DEB-TACE, respectively). However, they 
used particles of 100–300 microns first, increas-
ing bead diameter if stasis was not achieved, up 
to 700–900  m; thus, the final treatment was 
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attained with particles similar to those of gel 
foam (Sergio et al. 2008). The latest retrospec-
tive study (Massarweh et al. 2016) analysed the 
outcome of TACE and TAE in 405 patients with 
propensity score adjustments and found no dif-
ferences in median OS (20.1 vs. 23 months). 
This study was limited by the small number of 
patients treated with TAE and by variability in 
the agent used over the 8-year study period. 
Osuga et  al. (2008) reported a median OS of 
30  months after TAE and radiologically stable 
disease in the vast majority (81%) of patients. A 
limitation of this study was the lack of a TACE 
control group. However, when compared to out-
comes for TACE from a population-level cohort 
of contemporary patients treated in the same set-
ting, the results after TAE compared favourably. 
The results from the studies cited raise the ques-
tion: why do we continue to add doxorubicin to 
embolisation? No survival benefit was observed 
between TACE and TAE while the latter has a 
lower cost and avoids the side effects of chemo-
therapy (Tsochatzis et al. 2010, Tsochatzis et al. 
2013)

According to the most recent AISF position 
paper (Digestive and liver disease 2018), even 
though TACE is the most frequently used transar-
terial treatment for HCC, there is not yet any con-
vincing evidence in favour of TACE over TAE in 
terms of patient survival.

1.3  Combined Treatments

1.3.1  Combining TACE and Local 
Ablation

Hepatic resection (HR) and LT are curative thera-
pies for HCC; when they are not possible, percu-
taneous ablation using radiofrequency (RFA) or 
microwave (MWA) is considered a suitable alter-
native (Cho et al. 2009, Chen et al. 2006).

It is well known that RFA is only indicated for 
early-stage HCC patients with fewer than three 
tumours, due to the local range of the treatment 
action, and with tumours less than 3-cm in size, 
due to a complete response rate of less than 50% 
in larger lesions, which is clearly poor for a treat-
ment intended to cure the tumour. However, it is 

well known that percutaneous ablation suffers 
from the dimensional limit of approximately 
3 cm: below this size, the complete response is 
70–80% whereas, above this size, complete 
pathologic necrosis falls to very low percentages 
(approximately 30%) (Takaki et  al. 2007, Serra 
et al. 2019).

Based on literature data (Iezzi et  al. 2014, 
Takuma et  al. 2013), the combined treatment 
seems to be safe and effective for the treatment of 
unresectable patients with early/intermediate 
HCC; furthermore, this approach provides better 
results than RFA and TACE alone in the treat-
ment of large HCCs exceeding 3  cm in size. It 
can also extend the indication for RFA to previ-
ously contraindicated “complex cases”, with an 
increased risk of thermal ablation-related compli-
cations due to tumour location, or to “complex 
patients” with high bleeding risk.

The ischemia and cytotoxity associated with 
TACE can increase the thermal damage induced 
with RF/MWI ablation. The combination of 
TACE-RFA may reduce local tumour progres-
sion because of the synergistic effects of the two 
treatments. When using the combination of RFA 
(thermal damage) and TACE (ischemic and/or 
cytotoxic injury) rather than one of these treat-
ments alone, it is possible to obtain complete 
tumour necrosis of HCCs larger than 3 cm, as has 
also been confirmed by other authors (Cheng 
et al. 2008, Peng et al. 2013).

However, the term “combined treatment” is 
not clearly defined and is often misinterpreted: 
TACE and then RFA (to enhance the thermal 
damage), RFA and then TACE (to enhance the 
cytotoxic injury).

When TACE is performed before RFA (the 
most common option), obtaining feeding vessel 
occlusion, the heat-sink effect can be reduced 
and the RFA treatment area extended, thus 
increasing the “safety margin” with the coagula-
tion of the satellite nodules. Transarterial chemo-
embolisation can reduce the cooling effect of the 
hepatic blood flow by decreasing hepatic arterial 
flow and increasing the necrotising effect of RFA 
therapy at the tumour level. Furthermore, the 
oedematous change in the tumour tissue induced 
by ischemia and inflammation after TACE is 
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expected to enlarge the area of tumour necrosis 
during RFA treatment, thereby increasing the 
ablation safety margin and reducing local 
recurrence.

On the contrary, when RF/MW ablation is 
performed followed by TACE, the aim is to 
obtain a sustained anticancer effect from the sub-
lethal heating created in the large area surround-
ing the heating zone. A higher concentration of 
the drug in the residual vital tissue is expected, 
together with less cellular resistance to cytotoxic 
damage from the drug with the best drug release 
due to hyperaemia. In this area, a number of phe-
nomena are present, including increased blood 
flow, increased vascular permeability and effects 
on multiple cell targets. Transarterial chemoem-
bolisation performed after RFA could increase its 
therapeutic effect, acting on the large zones of 
sublethal heating obtained during RFA applica-
tion in the tissues surrounding the electrode.

An experimental trial on animal models com-
paring four different sequences of combinations 
and different beads size for TACE demonstrated 
that bland TAE before RFA is more effective than 
post-ablation TACE, reaching larger necrotic 
areas. The use of very small 40-μm microspheres 
enhances the efficacy of RFA more than the use 
of larger particles (Tanaka et al. 2013).

In 2010, Morimoto et  al. (2010) compared 
RFA combined with TACE to RFA alone in 37 
patients with solitary HCCs (diameter, 3.1–
5.0  cm at their the greatest dimension) divided 
into two groups: the TACE-RFA group, in which 
the patients received TACE followed by RFA on 
the same day, and the RFA group, in which the 
patients received only RFA.  The rates of local 
tumour progression at the end of the third year in 
the RFA and TACE-RFA groups were 39% and 
6%, respectively (P = 0.012). The 3-year survival 
rates of the patients in the RFA and TACE-RFA 
groups were 80% and 93%, respectively 
(P = 0.369).

In 2012, an RCT (Peng et al. 2012) involving 
patients with a single nodule up to 5 cm in diam-
eter demonstrated the superiority of combined 
treatment (first cTACE and then RFA) over RFA 
alone, reporting 1-, 3-, and 5- year overall sur-
vival rates of 94%, 69%, and 46%, respectively, 

for combined treatment and 82%, 47%, and 36%, 
respectively, for RFA alone (p = 0.037). One year 
later, the same authors published (Peng et  al. 
2013) the results of an RCT in patients with sin-
gle HCC lesions less than 7 cm or with a maxi-
mum of three nodules each less than 3  cm, 
showing significantly better overall survival and 
recurrence-free survival in patients treated with 
cTACE + RFA than in patients treated with RFA 
alone (p = 0.009, respectively).

In the proposal of the subclassification by 
Kudo et  al. (“Kinki criteria”), combined thera-
pies (TACE and ablation) are included as poten-
tial treatment options in order to extend the 
ablation area if the tumour size is close to 5 cm. 
(Kudo et al. 2015).

Two meta-analyses, one from Lu (Lu et  al. 
2013) including seven RCTs and another from 
Wang (Wang et  al. 2016) including 21 studies 
with 3073 patients showed that RFA plus TACE 
significantly improved the survival rates of 
patients with HCC at 1 and 3 years more than RFA 
alone. Unfortunately, in the first meta- analysis 
(Lu et al. 2013), there were issues of sample size 
(studies ranging from 19 to 69 patients), tumour 
size (ranging from 1.7 to 6.7 cm), and trials inad-
equately powered for outcome evaluation. A more 
recent meta-analysis included small RCTs from 
Asia which were significantly underpowered to 
evaluate survival or response rates (Chen et  al. 
2016a, b). Therefore, at this time, the combination 
of RFA with TACE may be considered a good 
alternative option in patients not suitable for HR, 
even though to date, no trial has been adequately 
powered and no trial has compared cTACE alone 
versus cTACE + RFA. This topic requires addi-
tional clinical trials.

In summary, for 3–5 cm HCCs, a combination 
of intra-arterial therapy and percutaneous abla-
tion seems to provide benefits in OS and 
recurrence- free survival (RFS); data are lacking 
for 5–7 cm HCCs to support the role of single or 
combined therapy over other treatment options.

1.3.2  Combining TACE and Systemic 
Therapy

The rationale for the combination of TACE plus 
anti-angiogenic drugs is to control tumour 
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progression and improve the survival of HCC 
patients; the acute hypoxia induced by TACE, 
leading to an upregulation of the vascular endo-
thelial growth factor (VEGF), which might pro-
mote tumour local recurrence, can be controlled 
by systemic therapy with tyrosine kinase inhibi-
tors which inhibit both revascularisation and 
tumour proliferation.

Two phase II/phase III RCTs and the SPACE 
trial (Lencioni et al. 2016a, b, Meyer et al. 2017) 
compared the combination of TACE+ sorafenib 
to TACE alone. Two other RCTs compared 
TACE to a combination of TACE+ brivanib in 
the BRISK-TA study (Kudo et al. 2014;) and to 
orantinib in the ORIENTAL study (Kudo et al. 
2018a, b).

All four trials failed to demonstrate any 
clinical benefit from combined therapy as has 
recently been summarised (Kudo et al. 2017).

1.4  Hepatic Arterial Infusion 
Chemotherapy (HAIC)

Hepatic arterial infusion chemotherapy has often 
been selected as a therapeutic option for advanced 
HCC with intrahepatic metastases or portal vein 
thrombosis which is not eligible for hepatic 
resection, tumour ablation or embolisation. Of 
the various regimens, HAIC, consisting of 
5- fluorouracil (5-FU) in combination with either 
low-doses of cisplatin (CDDP) or interferon- 
alpha has been reported to improve the response 
rates for advanced HCC.

In a small retrospective series, Moriguchi 
et  al. (2017) reported significantly longer sur-
vival in patients with tumour thrombus involving 
the main trunk and the first branches of the portal 
vein (types III and IV of the Shi classification) 
treated with HAIC as compared to sorafenib, 
suggesting that HAIC should be the first-line 
therapy in these patients, followed by sorafenib 
in case of no response.

Hepatic arterial infusion chemotherapy could 
also represent a safe treatment option in selected 
Child-Pugh class B patients who are contraindi-
cated to sorafenib (Saeki et al. 2018, Ikeda et al. 
2016).

Ikeda et al. (2016) prospectively evaluated 108 
patients in a multicentre phase II trial in chemo-
naïve patients with advanced HCC having Child-
Pugh scores of 5–7. The patients were randomised 
to receive sorafenib alone (n = 42) or sorafenib 
combined with HAIC with cisplatin (n = 66). The 
combination HAIC plus sorafenib yielded favour-
able OS when compared with sorafenib alone 
(median survival of 10.6 vs. 8.7 months, respec-
tively). However, the median TTP and the 
response rate were similar, that is, 2.8 months and 
7.3% in the sorafenib arm and 3.1  months and 
21.7% in the combination arm, respectively.

In a retrospective analysis involving 179 Child-
Pugh class B patients treated with HAIC, Terashima 
et  al. (2016) reported an improvement in liver 
function in patients with Child-Pugh scores of 7 
and 8 who responded to HAIC, with a median OS 
of 12.1 and 11.9 months, respectively. On the con-
trary, no advantages were demonstrated for patients 
with a Child-Pugh score of 9. A more recent phase 
III trial (SILIUS) tested the combination of 
sorafenib with continuous HAIC with cisplatin and 
fluorouracil, via an implanted catheter system, 
against sorafenib alone in patients with advanced, 
unresectable HCC (Kudo et al. 2018a, b).

The results of all these studies failed to dem-
onstrate a significant improvement of OS with 
the addition of HAIC to sorafenib and there are 
no currently established criteria used for the 
selection of advanced HCC patients to receive 
either sorafenib or HAIC.

As HAIC requires the use of an implanted 
port-catheter system, maintaining the patency of 
the hepatic arteries is a critical factor for intrahe-
patic drug distribution and the efficacy of HAIC.

However, the long-term outcome or the sur-
vival benefit remains unclear with HAIC, and it 
may be significantly affected by liver function 
and cirrhosis. None of the above-mentioned regi-
mens have been proven to be the ideal standard 
for HAIC, and prospective multi-centre clinical 
studies with a standardised protocol are needed 
in the future. For these reasons, HAIC is not rec-
ommended as the standard of care in major 
guidelines, even in the updated versions (EASL 
2018), except for Japanese guidelines (Omata 
et al. 2017).
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2  Intra-Arterial Treatment 
of Intrahepatic 
Cholangiocarcinoma (ICC)

Intrahepatic cholangiocarcinoma (ICC) is the 
second most common primary liver malignancy 
after HCC and accounts for 10–20% of all pri-
mary liver cancers (Shaib et al. 2004, Bridgewater 
et al. 2014). Surgical intervention is possible in 

approximately 54–70% of patients at the time of 
diagnosis; the prognosis for these patients is poor 
with a reported median survival of 3 to 8 months. 
Traditionally, systemic chemotherapy has a poor 
response; therefore, the role of intra-arterial ther-
apy is increasingly being investigated for these 
patients.

Table 11 shows the overall median survival 
across the intra-arterial strategies. The median 

Table 11 Summary of the main studies of intra-arterial therapies, and outcomes and response for Unresectable 
Intrahepatic Cholangiocarcinoma (ICC) (modified from Boehm et al. 2015)

Author (year)
Study 
design Sample Treatment regimen EHD %

RECIST 
response (CR 
+ PR)

Median 
survival 
(months) Toxicitiesa

HAIC
Tanaka et al. (2002) PC 11 5-FU, 

Doxorubicin, 
MMC, Cisplatin

36.4 7 26b NR

Jarnagin et al. (2009) PC 26 FUDR 0 14 31 6
Inaba et al. (2011) PC 25 Gemcitabine 36 3 11.3 12
Burger et al. (2005) PC 17 Cisplatin + MMC 

+ Doxorubicin
29.4 NR 23c 1

TACE
Herber et al. (2007) RS 15 MMC 0 1 16.3 2
Gusani et al. (2008) RS 42 Gemcitabine, 

Cisplatin 
Oxaliplatin

45.2 0 9.1 7

Shitara et al. (2008) RS 20 MMC 85 10 14.1 7
Andrasina et al. (2010) PC 17 5-FU + Cisplatin 0 NR 25.2c 0
Parket al. (2011) RS 72 Cisplatin 54.2 15 12.2c,d 36
Kiefer et al. (2011) PC 62 Cisplatin + MMC 

+ Doxorubicin
30.6 5 15 5

Kuhlman et al. (2012) PC 10 MMC 40 1 5.7 3
Halappa et al. (2012) RS 29 Cisplatin + MMC 

+ Doxorubicin
NR NR 16c,d NR

Vogl et al. (2012) RS 115 MMC, 
Gemcitabine, 
Cisplatin

0 10 13 0

Scheuermann et al. (2013) RS 32 MMC 0 NR 11 NR
DEB-TACE
Aliberti et al. (2008) PC 11 Doxorubicin 

DEB-Tace
NR 10 13 1

Kuhlman et al. (2012) PC 26 Irinotecan 
DEB-Tace

42.3 1 11.7 11

ICC intrahepatic cholangiocarcinoma, HAIC hepatic arterial infusion chemotherapy, TACE transarterial chemoemboli-
sation, DEB-TACE drug-eluting bead transarterial chemoembolisation, EHD extrahepatic disease, CR complete 
response to therapy, PR partial response to therapy, PC prospective cohort study, RC retrospective study, NR not 
reported, 5-FU 5-fluorouracil, MMC mitomycin C, FUDR floxuridine
aNational Cancer Institute (NCI)/World Health Organization (WHO) Grade III/IV Toxicities
bRepresents mean survival as median survival was not reported in the group
cSurvival calculated from the date of diagnosis
dTreatment-naive group (therefore, date of diagnosis was assumed to be the date of initiation of hepatic arterial therapy 
(HAT) for the purpose of analysis) and c: World Health Organisation Tumour Response Criteria
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overall survival was 14.5 months (95% CI: 12.5–
16.4), suggesting a beneficial effect when com-
pared to traditional systemic chemotherapy 
regimens (5–8  months) (Khan SA 2005). The 
median time to tumour response evaluation was 3 
(range 1–6) months after HAIC.

Table 12 reports the results of the response 
rates (complete or partial) stratified according to 
treatment strategy (HAIC group (56.9%, 95% CI: 
41.0–72.8) vs. TACE (17.3%, 6.8–27.8)) and 
DEB-TACE.  Overall, partial or complete 
response was observed in 28.5% (95% CI: 18.0–
39.1, n 390) of the evaluable subjects. The rate of 
stable disease was highest in the DEB-TACE 
group (61.5%; 95% CI: 42.8–80.2) versus TACE 
(46.9%; 35.5–58.4) versus HAIC (42.2%; 
17.1–67.2).

The rate of grade III/IV complications was 
highest for HAIC (0.35, 95% CI: 0.22–0.48) ver-
sus TACE (0.26, 0.21) versus DEB-TACE (0.32, 
0.17–0.48) (Boehm et al. 2015).

The hepatic toxicity was highest for HAIC 
(0.75, 95% CI: 0.65–0.86) versus TACE (0.09, 
0.06–0.12) versus DEB-TACE (0.08, 0.0–0.17). 
Therefore, HAT seems to be a promising strategy 
for improving outcomes for patients with unre-
sectable ICC.  The best outcomes in terms of 

response and OS are reported by HAIC even if 
they are associated with increased toxicity. 
Targeted treatment strategy based on patient- 
disease characteristics is a goal for future 
research.

3  Intra-Arterial Treatment 
of Liver Metastases

Liver-directed therapies to treat metastatic 
tumours of the liver have become common due to 
the increased complexity of hepatic surgery. 
Intra-arterial treatment options include TACE, 
TAE, HAIC and ablative techniques, such as 
MWI or RF ablation. Evidence supports their use 
in providing salvage options when first-line treat-
ment has failed.

3.1  Colorectal Liver Metastases 
(CLRM)

Colorectal cancer is the third most common can-
cer in terms of incidence and is the second lead-
ing cause of death both in Europe and worldwide, 
with an estimated 881,000 deaths in 2018. (Bray 
et al. 2018, Ferlay et al. 2015).

This is one of the main reasons why colorectal 
liver metastases (CRLMs) have been those most 
thoroughly evaluated. The standard for treatment 
is surgical resection with curative intent com-
bined with systemic chemotherapy (NCCN 
2018), but only approximately 25% of patients 
are amenable to standard resection at diagnosis 
(Engstrand et al. 2018). Moreover, up to 80% of 
patients develop liver recurrence up to 10 years 
post-surgery, the majority within the first 2 years 
(Misiakos et al. 2011).

Thus, a multidisciplinary approach to treat 
patients with unresectable disease or potentially 
resectable disease has been developed to treat 
recurrences and prolong these patients’ survival.

Different interventional radiology procedures 
are considered as either alternative to surgery or 
ancillary treatment methods in the management 
of CLRM patients. The most widely used 
treatment methods include percutaneous ablation 

Table 12 Results of a meta-analysis regarding median 
OS and tumour response using the Recist Criteria, strati-
fied according to treatment strategy for unresectable intra-
hepatic cholangiocarcinoma (ICC) (modified from Boehm 
et al. 2015)

TACE (95% 
Cl)

HAIC 
(95% Cl)

DEB- 
TACE 

(95% Cl)
Cumulative 
median OS 
(months)

12.4(10.9–
13.9)

22.8(9.8–
35.8)

12.3 
(11.0–
13.5)

RECIST tumor 
response 
Complete/partial 
response

17.3 
(6.8–27.8)

56.9 
(41.0–
72.8)

—

Stable disease 46.9(35.5–
58.4)

42.2 
(17.1–
67.2)

61.5 
(42.8–
80.2)

HAIC hepatic arterial infusion chemotherapy, TACE tran-
sarterial chemoembolisation, DEB-TACE drug-eluting 
bead transarterial chemoembolisation, OS Overall sur-
vival, RECIST Response evaluation criteria in solid 
tumours
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(radiofrequency, microwave), TACE and selec-
tive internal radiation therapy (TARE).

Nowadays, the intra-arterial treatment options 
for CRLM include cTACE, DEB-TACE, transar-
terial radioembolisation (TARE) and 
HAIC.  These therapies are generally indicated 
for patients with the oligometastatic disease who 
are not suitable for surgery or other curative 
locoregional therapies, and without any response, 
disease progression or toxicity/contraindication 
to systemic chemotherapy.

3.1.1  Intra-Arterial Treatments  
(TACE, DEB-TACE)

The safety and efficacy of both cTACE and DEB- 
TACE have been studied extensively; highlights 
from the literature are summarised in Table 13. 
Nowadays intra-arterial chemotherapy regimens, 
also including HAIC and TARE, are considered a 
good therapeutic approach for patients with 
colorectal cancer and liver-limited disease in 
whom the available chemotherapeutic options 
had failed (Wasan et  al. 2017, Kemeny et  al. 
2006, Levi et al. 2016)

• cTACE. In 1998, Tellez et al. (1998) analysed 
the outcome of TACE in 30 patients with 
CRLMs who had failed standard-of-care che-
motherapy, showing a median OS of 
8.6  months. The authors concluded that 
cTACE is a feasible treatment for patients 
with CRLMs in a salvage setting.

Other authors (Albert et  al. 2011) have 
reported the results of TACE with cisplatin, 
doxorubicin, mitomycin C and a lipiodol mixture 
followed by PVA particles in an analogous popu-
lation (245 treatments in 121 patients), showing a 
median TTP in the liver treated of 5 months and a 
median survival of 33 months from initial diag-
nosis and 9  months from TACE procedure. As 
expected, OS was significantly better when 
TACE was performed after first- or second-line 
systemic therapy than after various lines of 
chemotherapy.

Later, Vogl et al. (2007) reported the results of 
a wide population (463 patients) treated with 
cTACE including mitomycin C alone, mitomycin 
C with gemcitabine or mitomycin C with irinote-
can followed by microsphere embolisation. The 
authors concluded that the 1-year survival rate 
after cTACE was 62% and 2-year survival was 
28% without significant differences between 
cTACE regimens.

• DEB-TACE. Since 2006, several groups have 
investigated the safety and efficacy of 
irinotecan- loaded DEBs (DEBIRI) for the 
treatment of CRLMs in patients who had 
failed systemic chemotherapy. Martin et  al. 
(2009) reported that DEBIRI is safe and well 
tolerated in patients with non-responsive 
CRLMs with an OS of 19 months and a PFS 
of 11 months. In 2011, the results of a phase II 
study of DEBIRI in 82 patients with CRLMs 

Table 13 Summary of the leading papers on cTACE/DEB-TACE for the treatment of colorectal liver metastases (mod-
ified from Tsitskari et al. 2019)

Study Study details

Median 
OS 

(months)
Vogl et al. (2009) TACE, mitomycin C alone or with gemcitabine vs. irinotecan Prospective 

cohort, 463 patients
14

Albert et al. (2011) TACE, cisplatin, doxorubicin, mitomycin C Retrospective cohort, 121 patients 9
Martin et al. (2011) DEB-TACE (DEBIRI), irinotecan Prospective cohort, 55 patient 19
Florentini et al. (2012) DEB-TACE (DEBIRI), irinotecan Randomized controlled trial, 74 patients, 

DEBIRI vs FOLFIRI
15

Narayanan et al. (2013) DEB-TACE (DEBIRI) Retrospective cohort, 28 patients 13.3
Iezzi et al. (2015) DEB-TACE (DEBIRI), irinotecan+Capecitabine Prospective phase II Trial, 20 

patients
7.3

TACE transarterial chemoembolisation, DEB-TACE drug- eluting beads transarterial chemoembolisation, DEBIRI 
irinotecan-loaded DEB, OS Overall survival, FOLFIRI folinic acid–fluorouracicil–irinotecan
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who had failed at least two lines of chemo-
therapy, showed a median OS of 25  months 
with a PFS of 8 months (Aliberti et al. 2011).

The best-developed evidence for DEB-TACE 
in the setting of CRLMs derives from two ran-
domised controlled trials. The first compared 
DEBIRI versus systemic chemotherapy with 
FOLFIRI (folinic acid, fluorouracil and irinote-
can) in patients with unresectable CRLMs not 
responsive to second- or third-line therapy 
(Fiorentini et  al. 2012), showing a prolonged 
median overall survival (22 vs. 15  months, 
p = 0.031) in the DEBIRI arm. The second trial 
compared modified FOLFOX (fluorouracil and 
oxaliplatin) with bevacizumab with and without 
DEBIRI. The study showed no difference in OS 
(Martin et  al. 2015). As DEB-TACE is well 
 tolerated, it represents a good treatment option, 
particularly to downsize tumours.

According to this evidence, local ablation 
and locoregional therapies have been included 
in the armamentarium of the updated European 
Society for Medical Oncology (ESMO) guide-
lines for the treatment of CRLMs as potential 
treatment options. These guidelines recommend 
ablation alone or in combination with surgical 
resection either initially, or possibly after sys-
temic therapy in patients with oligometastatic 
disease in order to achieve long-term disease 
control. In patients with the more advanced 
liver- limited disease, TACE and TARE are rec-
ommended once other chemotherapeutic options 
have failed.

3.1.2  Hepatic Artery Infusion 
Chemotherapy (HAIC)

The use of HAIC for metastatic liver lesions 
dates back to at least the 1960s, reported as a pos-
sible treatment option for unresectable CRLMs 
as a salvage treatment, as adjuvant therapy fol-
lowing hepatic resection or to downstage patients 
for surgery (Sullivan et al. 1964); it was consid-
ered a valid alternative treatment option. In a 
large RCT comparing HAIC versus systemic 
chemotherapy (135 patients with unresectable 
CRLMs), HAIC showed an improved OS and 
response rate (Kemeny et  al. 2006). More 
recently, Levi et al. (2016) conducted a phase II 

trial (OPTILIV) demonstrating that HAIC is able 
to convert almost 30% of patients to resectability 
by using HAIC with 5-fluorouracil, oxaliplatin 
and irinotecan, and this rate is almost double that 
of systemic chemotherapy which typically con-
verts only 15% of patients.

In a prospective phase II trial, some authors 
have recently demonstrated that chemo-naive 
patients had high response rates and a 5-year OS 
of 51% while patients converted to resection after 
HAIC had a 5-year survival of 63% (Pak et  al. 
2018). As a salvage therapy, HAIC still appears 
to offer a survival advantage over modern sys-
temic chemotherapy alone; even for patients 
refractory to standard systemic chemotherapy, 
HAIC offers a response rate of 33% (Dhir et al. 
2017, Cercek et al. 2016).

Currently, in the era of modern biologic 
agents, these trials seem out of date; nevertheless, 
they demonstrate a continued survival benefit on 
propensity score-matched comparison of HAIC 
versus systemic chemotherapy alone (Groot et al. 
2017). In this scenario, even though HAIC 
appears obsolete, there still appears to be an 
advantage if performed at experienced centres in 
the setting of a multidisciplinary team decision. 
Additional multicentre trials are warranted to 
determine the appropriate role and timing of 
HAIC in the setting of unresectable CRLMs.

Although these treatment options have been 
applied without high-level clinical evidence, they 
have allowed tailoring the clinical approach to 
the individual based on disease status and clinical 
condition. Additional comparative or randomised 
studies are required to better define the role and 
sequence of these therapies used in combination 
with surgery and standard systemic therapy.

3.2  Hypervascular 
Neuroendocrine (NET) Liver 
Metastases

The management of patients with well- 
differentiated non-resectable neuroendocrine 
tumour (NET) liver metastases, is challenging. 
Transarterial embolisation, TACE and selective 
TARE ae preferred to other treatment modalities. 
Transarterial embolisation and TACE generally 
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achieve average symptomatic, biological and 
radiological responses of 75%, 56% and 50%, 
respectively, with progression-free survival of 
12–18 months and acceptable tolerance. Although 
not clearly demonstrated, TACE may be more 
effective than TAE in pancreatic NETs, but not in 
small-intestine NET.  Transarterial radioemboli-
sation has been developed more recently and may 
achieve similar results, with improved tolerance, 
but with decreased cost-effectiveness, although 
no prospective comparison has been published to 
date. There are currently no strong arguments for 
choosing between TAE, TACE and TARE, and 
they have not been compared to other treatment 
modalities. The evaluation of their efficacy has, 
for the most part, relied on criteria based on size 
variations, which does not take into account 
tumour viability and metabolism, and thus may 
not be relevant. These techniques may be espe-
cially effective when performed as first-line ther-
apy in patients with non-major liver involvement 
(<75%) and with hypervascular metastases. 
Finally, studies exploring their combination with 
systemic therapies are ongoing (de Mestier et al. 
2017). However, the utilisation of intra-arterial 
therapy is based on a low level of evidence, due 
to the lack of prospective data, the absence of 
comparative studies and considerable heteroge-
neity between local practices. The quality and 
strength of the reports available do not allow any 
modality to be determined as superior in terms of 
imaging response, symptomatic response or 
impact on survival. Transarterial radioembolisa-
tion may have advantages over TAE and TACE 
since it causes fewer side effects and requires 
fewer treatments. Based on the current European 
Neuroendocrine Tumour Society (ENETS) 
Consensus Guidelines, TARE can be substituted 
for TAE or TACE in patients with either liver- 
only disease or those with limited extrahepatic 
metastases (Kennedy et al. 2015).
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Abstract
The term transarterial radioembolisation 
includes those procedures in which 
intra-arterially injected radioactive micro-
spheres are used for internal radiation pur-
poses. This procedure aims to selectively 
target radiation to liver tumours and to limit 
the dose involving the normal liver 
parenchyma. The yttrium-90 microspheres 
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delivered through the hepatic artery are 
implanted into liver tumours in a ratio ranging 
from 3:1 to 20:1 as compared to a normal 
liver. A work-up, involving computed tomog-
raphy scanning, contrast-enhanced magnetic 
resonance imaging and hepatic angiography, 
is essential for assessing the appropriateness 
of yttrium-90 treatment for each patient. A 
simulation of the procedure, carried out with 
technetium-99  m-labelled macroaggregated 
albumin particles, which approximate the size 
of microspheres, is used to identify the shunt-
ing of microparticles to the lungs or the gas-
trointestinal tract, thus helping in patient 
selection.

Excellent periprocedural care, discharge plan-
ning and follow-up are essential for assessing 
treatment response and ensuring that the short- 
term side effects of radioembolisation are ade-
quately managed.

The purpose of this chapter is to summarise 
the relevant recent results regarding technical 
aspect, dosimetric advances, adverse events, 
safety and efficacy of radioembolisation in the 
treatment of hepatocellular carcinoma, intrahe-
patic cholangiocarcinoma and liver metastasis.

1  Introduction

Transarterial radioembolisation (TARE) is a form 
of brachytherapy in which intra-arterially injected 
yttrium-90 (90Y)-loaded microspheres serve as a 
source for internal radiation. It produces average 
disease control rates exceeding 80%; it is usually 
very well tolerated and, for these reasons, it is a 
consolidated therapy for hepatocellular carcinoma 
(HCC), intrahepatic cholangiocarcinoma (ICC) 
and secondary liver disease (Sangro et al. 2012).

Currently the main application of TARE is for 
the treatment of HCC. In Western countries, the 
most commonly used staging system for estab-
lishing prognosis and determining the choice of 
treatment for HCC is the Barcelona Clinic Liver 
Cancer (BCLC) system (Forner et  al. 2018); 

moreover, it has been reported that, in tertiary 
referral centres, deviations from BCLC therapeu-
tic recommendations occur in up to 50% of 
patients and this is especially true in stages B and 
C. In particular, in intermediate HCC (BCLC-B 
stage), it has been shown that transarterial che-
moembolisation (TACE) which is recommended 
has a lower efficacy in large (>5 cm) and in mul-
tinodular tumours (Kim et al. 2012; Golfieri et al. 
2013) while, in the advanced stage, sorafenib and 
the more recent lenvatinib are recommended; 
they are associated with important side effects 
and often dose reduction or suspension must be 
used (Llovet et al. 2008; Cheng et al. 2009). This 
scenario has led to new therapies for the best 
management of intermediate/advanced-stage 
HCC and, in this setting, the data available have 
shown that TARE could be an effective therapeu-
tic option.

Transarterial radioembolisation also seems to 
be promising as a locoregional treatment in 
intrahepatic cholangiocarcinoma (ICC) which is a 
relatively rare and rapidly fatal malignancy; with-
out early intervention and surgical resection, the 
prognosis for patients with ICC remains unequiv-
ocally dismal (Bridgewater et al. 2014; Yang et al. 
2012). Although therapeutic options for unresect-
able disease are limited (Roayaie et  al. 1998), 
various palliative options have been tested. Given 
the relative radiosensitivity of the normal liver 
parenchyma, external beam radiation has histori-
cally played a limited role in the treatment of liver 
malignancies. Traditional systemic chemothera-
pies have been relatively useless in treating 
patients with advanced disease, and locoregional 
therapies, such as radiofrequency ablation (RFA) 
and TACE, have also been used with varying 
degrees of success (Valle et al. 2010; Kim et al. 
2011; Boehm et al. 2015). Given the relative radi-
ation sensitivity of ICCs, preliminary studies 
involving TARE treatment have reported good 
results regarding safety and efficacy (Ibrahim 
et  al. 2008; Saxena et  al. 2010a, b; Hoffmann 
et al. 2012; Mouli et al. 2013; Rafi et al. 2013).

Transarterial radioembolisation is also widely 
used in the treatment of liver metastasis, particu-
larly from colorectal cancer (CRC). In this set-
ting, the liver is often the dominant site of 
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metastatic disease (being the most relevant clini-
cal problem) (Schindl et  al. 2002). Five-year 
overall survival (OS) for patients with metastatic 
CRC is approximately 13% (National Cancer 
Institute 2016), and resection results in five-year 
survival rates of 30–40% (Adam et  al. 2009); 
however, fewer than 25% of patients are suitable 
for resection at diagnosis (Delaunoit et al. 2005). 
Chemotherapy alone or combined with biologi-
cal agents can also result in significant tumour 
downstaging, allowing for subsequent resection 
of liver metastases. For patients with liver- 
isolated or dominant CRC metastases unfit for 
potentially curative resection, in addition to sys-
temic chemotherapy, TARE (Benson et al. 2013; 
Maawy et al. 2016) can be an option. Recently, 
TARE has been used for the treatment of metas-
tases from other tumours including neuroendo-
crine tumours, gastric cancer, pancreatic cancer, 
breast cancer and lung cancer. After careful pre-
treatment assessments and proper patient selec-
tion, TARE has been shown to have tolerable 
toxicity with good results regarding response and 
survival.

2  Technical Aspects

TARE is defined as the intra-arterial delivery of 
micron-sized embolic particles loaded with a 
radioisotope in order to carry high focal doses of 
radiation selectively to liver tumours while spar-
ing the normal liver parenchyma. This is achieved 
by the deposition of microspheres carrying a 
high-energy radiation source (yttrium-90 (90Y), 
0.97 MeV), a β-emitter, into the tumour capillary 
bed so that a tumouricidal dose of radiation (100–
1000+ Gy) is absorbed for a short time over a 
limited area (mean tissue penetration 2.5  mm, 
maximum 11  mm). 90Y decays to stable zirco-
nium- 90 with an average half-life of 2.67  days 
(64.2 h) (Kennedy et al. 2012).

The preferential release of 90Y to liver tumours 
is based on anatomic and pathologic factors 
which are typical of solid liver and hepatic 
tumours; the liver parenchyma derives approxi-
mately all (≥75%) of its blood from the portal 
vein whereas liver cancers (both metastatic and 

primary tumours as small as 0.5 mm in diameter) 
derive 80–100% of their blood supply from the 
hepatic artery (Ackerman et  al. 1970). In addi-
tion, the neovascularisation of the plexus sur-
rounding the tumour leads to increased 
microvascular density in liver lesions as com-
pared to the normal liver parenchyma. These 
characteristics cause the 90Y microspheres, 
released into the hepatic artery, to preferentially 
pile up in the periphery of tumours in at least a 
ratio ranging from 3:1 to 20:1 as compared to the 
normal liver (Kennedy et al. 2007). The size of 
the microspheres is essential for obtaining an 
optimal implantation within the network of 
tumour vessels to be efficacious (Kennedy et al. 
2007). Therefore, it is necessary that the particles 
used for radioembolisation are small enough 
(~20 to 40 mm) to allow optimal access into the 
nodules and deposition within the tumour plexus, 
but also large enough to avoid the passage of the 
microspheres through the capillary bed into the 
venous circulation, thus escaping the liver. Any 
particles situated within the afferent tumour ves-
sels, but distant more than 3 mm from the tumour, 
do not have a direct antitumour effect and can 
destroy the feeding arteries.

The principles and mode of action of radioem-
bolisation are fundamentally different from con-
ventional embolisation or TACE. For the latter to 
be effective, the feeding vessels are filled with 
chemotherapeutic agents and are then embolised 
to maximise exposure to those agents and to pro-
mote ischemic necrosis. Instead, to be effective, 
TARE needs optimal perfusion and blood flow 
maintenance to allow the generation of free radi-
cals by means of ionisation of the water mole-
cules near the DNA of the tumour cells. In the 
presence of normal oxygen tension, permanent 
DNA damage is caused to one or both DNA 
strands, and apoptosis is initiated or reproductive 
death is eventually achieved (Kennedy et  al. 
2012). Maximal cytoreduction by radiation 
requires not only normal oxygen tension in the 
target cells but also sufficient microsphere cover-
age of the tumour nodule in order to avoid gaps in 
cumulative radiation due to crossfire—“cold 
spots”—or a low total dose of radiation in the 
tumour (Kennedy et al. 2012).
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There are two types of devices on the market:

 – 90Y resin microspheres (Sir-Spheres® 2017; 
Sirtex Medical Europe GmbH, Bonn, Germany)

 – 90Y glass microspheres (TheraSphere; MDS 
Nordion, Ottawa, Canada)

In both resin and glass microspheres, the pri-
mary mechanism of action is a localised radio-
therapeutic effect (brachytherapy) rather than 
microvascular embolisation and tumour isch-
emia (Bilbao et  al. 2009; Mackie et  al. 2011). 
The adsorbed radiation dose depends on the 
microsphere distribution within the tumour, 
mainly resulting from the arterial hepatic hemo-
dynamic and tumour vascularization. In TARE, 
dosimetry planning, the administration and 
delivery of the radiation, modification of the 
dose on the basis of tumour and hepatic volume 
and the knowledge required regarding radiation 
effects on tissue make this therapy a brachyther-
apy procedure as well.

3  TARE Procedure

3.1  Patient Selection 
for Radioembolisation

All patients undergo a multidisciplinary clinical 
evaluation which includes history, physical 
examination, and a laboratory profile of liver 
function. In addition, detailed radiologic imaging 
is needed, showing unequivocal and measurable 
computed tomography (CT) or magnetic reso-
nance imaging (MRI) evidence of hepatic lesions 
which cannot be surgically resected or ablated 
with curative intent (Coldwell et al. 2011). The 
best candidates for radioembolisation are patients 
with unresectable liver-only or liver-dominant 
tumours (Kennedy et  al. 2007). Generally, 
patients are not excluded from treatment based 
on prior therapy or age. A multidisciplinary team 
consisting of professionals from interventional 
radiology, hepatology, medical, surgical and radi-
ation oncology and nuclear medicine is involved 
in selecting suitable patients for radioembolisa-

tion. Patients are selected according to the fol-
lowing criteria:

 – Inclusion criteria: (1) diagnosis of a hepatic 
lesion; (2) unresectable tumour; (3) an Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status of (0, 1) or (2, 4) adequate hae-
matology, including an absolute neutrophil 
count >1.5 3109/L, a platelet count >50 
3109/L, renal function with creatinine 
level  <  2.0  mg/dL, adequate liver function 
with bilirubin <2.0 mg/dL and (5) the possi-
bility of undergoing angiography and selec-
tive visceral catheterisation

 – Exclusion criteria: (1) flow to the gastrointes-
tinal tract not correctable by coil embolisation 
on visceral angiography, (2) estimated radia-
tion doses to the lungs exceeding 30 Gy in a 
single administration and (3) significant extra-
hepatic disease representing an imminent life- 
threatening outcome

The important indications of adequate liver 
tolerance include the absence of ascites, normal 
synthetic liver function (albumin >3  g/dL) and 
total bilirubin of less than 2.0  mg/dL 
(<34 μmol/L).

A limited number of patients are unsuitable 
for treatment due to either vascular variants or the 
extent of lung shunting (Coldwell et  al. 2011). 
These criteria are established at the work-up pro-
cedure performed by the interventional radiolo-
gists before treatment, thereby preventing 
inappropriate treatment of the patient. Excessive 
shunting to the gastrointestinal tract can some-
times be corrected by the interventional radiolo-
gist. It is very important to isolate the liver arterial 
tree from the gastric and small bowel arteries and 
to exclude patients with arteriovenous fistulae in 
tumours which allow more than 20% of the 
microspheres to pass through the liver capillary 
bed to the lungs. Even if the contraindications 
have been defined, the benefits of radioembolisa-
tion in patients with relative exclusion 
parameter(s) need to be judged on a case-by-case 
basis to assess whether they represent an inap-
propriate risk (Coldwell et al. 2011).
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3.2  Pretreatment Evaluation

Yttrium-90 radioembolisation is a two-stage 
process involving an extensive work-up proce-
dure for assessing the appropriateness of the 
patient for treatment and for preparing the 
treatment procedure itself. All patients undergo 
the following procedures approximately 
1–3 weeks before the first planned treatment.

• Pretreatment cross-sectional imaging is essen-
tial for treatment planning and post-treatment 
response assessment; during the work-up, 
three-phase contrast computed tomography 
and/or gadolinium-enhanced magnetic reso-
nance of the liver should be carried out for the 

assessment of tumour and non-tumour volume 
(necessary for dosimetry), portal vein patency 
or not and the extent of extrahepatic disease 
(Fig. 1a–c).

• Pretreatment Angiography: All patients evalu-
ated for TARE must undergo pretreatment 
angiography due to the high propensity of 
arterial variants and hepatic tumours to exhibit 
arteriovenous shunting (Memon et al. 2011). 
This permits planning the treatment according 
to each patient’s individual anatomy and helps 
to avoid any inadvertent spread of the micro-
spheres to non-target organs; this can be miti-
gated by prophylactic embolisation of the 
aberrant vessels to non-hepatic targets 
(Memon et  al. 2011). Celiac trunk and/or 

Fig. 1 Pretreatment CT showing infiltrative HCC in the 
VI-VII segments with associated tumour thrombosis of the 
corresponding portal branches, as visualised in the arterial 
(a), portal (b) and delayed phases (c). The pretreatment 
angiogram performed with a selective catheterisation of 
the hepatic artery for the VI-VII segments confirms the 
hypervascularization of the venous thrombus (d). The pre-
treatment 99mTc-MAA SPECT images showed the cor-

responding uptake of MAA in the region of interest 
(tumour thrombus) (e). The CT performed 3 months after 
treatment showed both a significant decrease in the 
enhancement of the portal venous thrombus and a reduc-
tion in the enlargement of the portal branch as a sign of 
response, as visualised in the arterial (f), portal (g) and 
delayed phases (h)

a b

c d
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superior mesenteric angiograms, using a 4-F 
or 5-F catheter, give the interventional radiol-
ogist an opportunity to study the hepatic vas-
cular anatomy. Subsequently, the tumour 
feeding arteries are cannulated using a highly 
flexible coaxial microcatheter passed through 
the 4-F or 5-F catheter previously placed in 
the artery itself. The tip of the microcatheter is 
placed into the hepatic arterial branch afferent 
to the segment or lobe where the tumour is 
located. In the case of superselective transarte-
rial treatment, the tip of the catheter is 
advanced further into the subsegmental 
branches feeding the tumour (Fig. 1d).

• In some cases, prophylactic embolisation of the 
gastroduodenal artery and right gastric artery is 
recommended as a safe and efficacious mode of 
minimising the risks of hepatoenteric flow since 
this can lead to the inadvertent deposition of the 
microspheres into the gastrointestinal tract 
causing severe ulcers which are highly symp-

tomatic and difficult to manage (Cosin et  al. 
2007). Other vessels which need to be investi-
gated and potentially embolised are the falci-
form, inferior oesophageal, left inferior phrenic, 
accessory left gastric, supraduodenal and retro-
duodenal arteries.

• Diagnostic angiography is essential to ensure 
that the blood supply to the tumour(s) has been 
adequately identified since incomplete identifi-
cation of the blood supply to the tumour may 
lead to incomplete targeting and treatment. 
This facilitates accurate calculation of the tar-
get volumes because the artery or arteries into 
which the microspheres are injected define the 
volume of liver tissue exposed to radiation.

• Pulmonary shunting and technetium-
 99  m-labelled macroaggregated albumin 
(99mTc-MAA) scan: In some primary liver 
cancers (especially in HCC), one of the angi-
ographic features is direct arteriovenous 
shunting, bypassing the capillary bed to the 

e f

g h

Fig. 14.1 (continued)
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liver; the shunting of 90Y microspheres to the 
lungs therefore becomes worrisome because 
this could result in radiation pneumonitis 
(Memon et  al. 2011). Since the size of the 
99mTc macroaggregated albumin (MAA) 
particle is similar to 90Y, the distribution of 
the two will be identical; this concept is uti-
lised in assessing splanchnic and pulmonary 
shunting (Fig. 1e). It is important to corre-
late the findings of angiography to those of 
the 99mTc-MAA scan as the proximity of 
some portions of the gastrointestinal tract to 
the liver may confuse the findings of nuclear 
medicine scans. The lung shunt fraction 
(LSF) is used to calculate the dose delivered 
to the lungs, and appropriate adjustment for 
this parameter minimizes the risk of radia-
tion pneumonitis. If the LSF is deemed to be 
high, an appropriate reduction is made in the 
overall dose administered.

3.3  90Y Radioembolisation 
Procedure

The tumour is approached under fluoroscopic 
guidance; the first part of the procedure is similar 
to pretreatment angiography after which the 
activity vial is injected into the vessel feeding the 
tumour. Tumour distribution guides the selectiv-
ity of the treatment to one or more lobes/seg-
ments as required. The device for administering 
the 90Y is designed to minimise radiation expo-
sure of the personnel involved in the procedure. 
A physicist is present throughout the procedure 
to ensure that proper protocols are followed in 
order to minimise accidental radiation exposure. 
In some hospitals, a Bremsstrahlung (gamma) 
scan or positron emission tomography (PET)-CT 
is performed to evaluate90Y distribution immedi-
ately after treatment.

4  Dosimetry and 90Y Microsphere 
Activity Selection

Personalised treatment planning is desirable for 
TARE and can be carried out using 99mTc-
MAA SPECT images and volumes obtained 

from CT scans. The image fusion of the CT and 
the single- photon emission computerised 
tomography (SPECT) images can help in delin-
eating the volumes involved in the treatment. 
An important limitation of TARE is the dose to 
the normal liver because an excessive dose to 
the normal parenchyma could induce radiation 
hepatitis and liver failure. The spatial distribu-
tion of the microspheres is crucial and may be 
very different for the two types of spheres. 
When using resin microspheres, the dose 
absorbed by the normal liver should be kept 
lower than 40 Gy to minimise the risk of liver 
failure, especially in patients having compro-
mised liver function (Sangro et  al. 2008). 
Although personalised dosimetry would be the 
best approach to TARE, it has not been stan-
dardised and is often not achievable. For these 
reasons, the majority of TARE treatments are 
performed calculating the injected activity 
based on empiric formulas suggested by the 
manufacturers instead of following scrupulous 
dosimetric formalism. In the following para-
graphs, the standard methods for activity 
assessment are briefly described for both glass 
and resin microspheres.

4.1  Glass Microspheres

The activity determination for glass micro-
spheres, proposed by the manufacturer 
(TheraSphere Yttrium-90 Glass Microspheres 
Users Manual, BTG), is based on a nominal tar-
get dose (80–150  Gy) to the treated mass (M), 
which can be measured by CT images. This 
approach assumes a uniform distribution of the 
microspheres throughout the treated volume, 
including the tumour and the normal 
parenchyma:

 
A

D M
GBq

Gy kg
glass

( ) =
( )× ( )

50  

The dose arriving to the lung should be kept to 
less than 30  Gy for a single injection and less 
than 50  Gy as a cumulative dose for multiple 
injections (Leung et  al. 1995). Using the above 
formula, the dose delivered to the tumour is not 
known; however, going on the assumption that 
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tumours have a higher vascularity as compared to 
the normal parenchyma, it is reasonable to pre-
dict that the prescribed dose be at least that which 
is absorbed by the tumour in order to prevent 
liver fibrosis.

4.2  Resin Microspheres

Two methods have been proposed by SIRTEX to 
determine the activity of 90Y to be injected: the 
empiric method and the body surface area (BSA) 
method (Sirtex Medical Limited 2007).

The empiric method suggests a standard 
amount of activity based on tumour involvement 
only, considering three varying degrees of tumour 
involvement:

Tumour ≤25% of the total mass of the liver by 
CT scan = 2 GBq whole-liver delivery.

Tumour ≥25% but ≤50% of the liver mass by 
CT scan = 2.5 GBq whole-liver delivery.

Tumour ≥50% of the liver mass by CT 
scan = 3 GBq for whole-liver delivery.

It is important to point out that this method is 
not recommended by the scientific community 
(Kennedy et al. 2007).

The BSA (body surface area) method is a vari-
ant of the empiric method which calculates the 
injected activity, taking into account the patient’s 
BSA and the fraction of liver volume involved by 
the tumour:

 
A

V

V V
GBq BSA tumor

tumor normal liver

( ) = −( ) +
+

0 2.
 

where BSA (m2) = 0.20247 × height(m)0.725 
× weight(kg)0.425.

The BSA formula is considered safe for 
patients with compromised liver function or for 
particularly small patients. A reduction of the 
amount of activity up to 20% is recommended for 
lung shunts greater than 15%.

4.3  Dosimetric Approach

The empiric methods suggested by both manu-
facturers do not represent a real dosimetric 
approach to the treatment because the distribu-

tion of the 90Y microspheres and the uptake ratio 
between the tumour and the normal parenchyma 
are never considered, thus preventing any accu-
rate dosimetric evaluation.

A dosimetric approach based on Medical 
Internal Radiation Dosimetry (MIRD) formalism 
was proposed by SIRTEX as a “partition model” 
and has been formalised with MIRD equations 
by Gulec and colleagues (Gulec et al. 2006). The 
MIRD formalism is based on the determination 
of the fraction of activity (fractional uptake) 
which is trapped by the tumour, normal liver and 
lungs, and by the masses of each compartment 
which are calculated using CT images. The frac-
tional uptake, representing the fraction of activity 
reaching each compartment, is measured by 
99mTc-MAA SPECT images, calculating the 
tumour to liver ratio (TLR) and the lung shunt 
fraction. Because the dose to the normal 
parenchyma is the most important limiting factor, 
the administered activity can be calculated as the 
activity delivering the selected nominal dose to 
the liver, as follows:

 
A

D M
GBq

Gy kg
injected

liver liver( ) =
( ) × ( )

50  

where:
A(GBq) is the 90Y injected activity.
D(Gy) is the nominal dose to the liver.
M(kg) is the liver mass.
50 is a constant which depends on the physical 

characteristics of 90Y.
Once the fraction of activity reaching each 

compartment/tissue is measured, the correspond-
ing absorbed dose is evaluated using the follow-
ing formula:

 
D

A

M
Gy

GBq

kgtissue

tissue

tissue

( ) =
× ( )

( )
50

 
The 99mTc-MAA particles are considered a 

surrogate of the microspheres, and their distribu-
tion inside tissues is representative of the micro-
sphere distribution. It is very important to point 
out that, using 99mTc-MAA SPECT images, it is 
possible to carry out provisional dosimetry before 
the 90Y infusion, although it presents several limi-
tations. In particular, the major limitations of this 
approach are the different sizes and specific grav-
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ities of 99mTc-MAA and the 90Y microspheres, 
the different volumes and velocities of injection, 
the reproducibility of the exact site of injection 
and the haemodynamic conditions inside the 
tumour which can be considerably different 
between the 99mTc-MAA and the 90Y treat-
ments. Furthermore, the MIRD approach assumes 
the uniform distribution of the microspheres and 
measures average doses while, especially in 
tumour masses, the dose is strongly dependent on 
heterogeneous vessel density.

However, despite the limitations listed above, 
the higher mean dose absorbed by the tumour 
masses, calculated with 99mTc-MAA SPECT 
images, was predictive of a better tumour 
response in patients affected by HCC for both 
resin (Strigari et al. 2010) and glass microsphere 
(Chiesa et al. 2011) treatments. Furthermore, the 
intrinsic differences between the two types of 
microspheres and, in particular, their different 
numbers and specific activities are responsible 
for the different distribution of the microspheres 
inside the tissues, more uniform for resin than for 
glass microspheres. Consequently, the published 
data regarding dosimetry have reported higher 
values of the tumour dose response for glass 
microspheres than for resin microspheres (Garin 
et al. 2010).

4.4  Post-Treatment Assessment 
and Follow-Up

Clinical, laboratory and radiologic follow-up is 
very important for evaluating response to treat-
ment and identifying any toxicity. A regular labo-
ratory follow-up includes the hepatic panel and 
tumour markers. Cross-sectional imaging is car-
ried out 1  month after treatment and every 
3 months thereafter in order to assess the response 
to treatment or the progression of the disease.

To provide post-treatment care, the follow-up 
involves an office visit and interval and physical 
examination, laboratory tests and imaging.

Follow-up Care: Within 4 weeks after radio-
embolisation, patients should schedule a follow-
 up office visit with their treating physician. At 
that time, the physician will conduct a review of 

systems, carry out a physical examination and 
program laboratory tests.

Recommended Laboratory Tests: The follow-
ing laboratory tests are recommended: complete 
blood count, basic metabolic panel, liver function 
tests, coagulation panel (prothrombin time (PT)/
activated partial thromboplastin time (APTT)/
international normalized ratio (INR)) and tests 
for the presence of tumour markers.

Recommended Imaging: Imaging studies play 
an essential role in assessing the response to 
radioembolisation (Fig.  1f–h). The following 
scans are recommended: CT scanning scheduled 
for 4  weeks post-treatment and then every 
3 months for the first year (note: there is usually 
only a modest response in liver tumours at 
4 weeks); however, extrahepatic and new hepatic 
disease can be detected. Imaging after TARE is 
required to monitor the tumour response but it is 
not always easy to interpret. Imaging usually 
shows a change in both the appearance of the 
tumour and the surrounding liver. Since the effect 
of the radiation may not be evident until 30 days 
after treatment, imaging at 1 month after the pro-
cedure is usually not representative of the tumour 
response. However, a common early feature is 
the appearance of rim enhancement surrounding 
the lesion; this is an early sign of a fibrotic cap-
sule, and it is fundamental that it not be errone-
ously considered to be a residual tumour (Riaz 
et al. 2009a, b). Instead, in a period ranging from 
8 to 12  weeks after TARE, there is noticeable 
tumour shrinkage and the parenchyma also 
becomes atrophic as a consequence of hepatic 
fibrosis and capsular retraction of the treated 
area; atrophy of the treated area induces compen-
satory hypertrophy of the contralateral lobe espe-
cially after lobar procedures (rather than after a 
segmental or subsegmental approach). Another 
common feature is the appearance of transient 
perfusion abnormalities in the treated area which 
should be differentiated from residual or recur-
rent tumours. Furthermore, transient hypoattenu-
ating perivascular oedema near the hepatic and 
portal veins can also be observed on imaging.

Computed tomography is capable of identify-
ing changes in the size of the lesions and altera-
tions in vascularity and enhancement; the 
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appearance of new intra- or extrahepatic lesions 
are well defined with this technique but may limit 
the capability of documenting tumour necrosis.

Magnetic resonance imaging, especially using 
diffusion-weighted imaging (DW-MRI) and 
gadolinium- ethoxybenzyl-diethylenetriamine/
pentaacetic acid imaging (Gd-EOB-DTPA-MRI), 
identifies necrosis and cell death earlier 
(6–8  weeks post-procedure in some cases) and 
better than CT (Schelhorn et al. 2015).

5  Side Effects 
and Complications

Complications after TARE can be classified into 
the following groups: post-radioembolisation 
syndrome (PRS), hepatic dysfunction, biliary 
sequelae, portal hypertension, radiation pneumo-
nitis, gastrointestinal (GI) ulceration, vascular 
injury, lymphopenia and a miscellaneous cate-
gory (Riaz et al. 2009a, b). The current reports in 
the literature use the Common Toxicity Criteria 
for Adverse Events 3.0.

PRS: The incidence of PRS in the literature 
ranges from 20 to 55% (Riaz et  al. 2009a, b). 
Post-radioembolisation syndrome consists of the 
following clinical symptoms: fatigue, nausea, 
vomiting, anorexia, fever, abdominal discomfort 
and cachexia. The duration of PRS has not been 
studied; however, hospitalization is usually not 
required. Post-radioembolisation syndrome is 
less severe than the post-treatment syndromes 
observed after other embolic therapies in which 
fatigue and constitutional symptoms predomi-
nate (Coldwell et al. 2011). Mild abdominal pain 
may be experienced after radioembolisation 
(Riaz et al. 2009a, b). Patients can take steroids 
and antiemetic agents to reduce the incidence of 
PRS.  A 2-week follow-up after radioembolisa-
tion is recommended to investigate the clinical 
evidence of the PRS. Symptomatic management 
may be required.

Hepatic Dysfunction: The incidence of 
radiation- induced liver disease (RILD) after 90Y 
administration ranges from 0 to 4% (Sangro et al. 
2008). Radiation-induced liver disease results 
from the exposure of the normal liver paren-

chyma to high doses of radiation. Clinical corre-
lation is essential; in fact, this may lead to 
biochemical aberrations with minimal clinical 
manifestations. Follow-up laboratory evaluation 
is routinely recommended at 1 month after treat-
ment and, if RILD is clinically manifest, support-
ive management is recommended. The diagnosis 
of RILD can be confirmed by a biopsy of the nor-
mal parenchyma. It is seen most often in patients 
with pre-existing liver function abnormalities; 
therefore, patients with baseline bilirubin levels 
of more than 2 mg/dL are generally not consid-
ered ideal candidates. Whole-liver radioemboli-
sation in a single session is not recommended. 
Sangro et al. (2008) studied liver disease induced 
by the radioembolisation of liver tumours in 45 
patients who underwent treatment for primary or 
secondary liver tumours, and they showed that 
the incidence of RILD was associated with 
increasing age, whole-liver treatment and 
increased baseline bilirubin levels.

Biliary Sequelae: The incidence of biliary 
sequelae after TARE is less than 10% . It results 
from radiation-induced injury to the biliary struc-
tures or the microembolic effect of the therapy. 
The majority of biliary complications are not 
manifested clinically; clinical correlation with 
imaging findings is recommended. Abscesses 
may need antibiotics and sometimes drainage. 
Radiation cholecystitis requiring surgical inter-
vention is present in less than 1% of cases. 
Radiation cholecystitis may be prevented by 
identifying the cystic artery and injecting micro-
spheres distal to its origin. It is possible to con-
sider embolisation of the cystic artery if the blood 
flow into it is significant and radioembolisation 
distal to its origin is not feasible. Patients with a 
history of systemic  polychemotherapy may also 
be at high risk of developing biliary 
complications.

Portal Hypertension: The clinically signifi-
cant occurrence of portal hypertension is low 
(Jakobs et  al. 2008). Radiation leads to fibrosis 
which causes shrinkage of the liver parenchyma. 
This can radiologically appear with signs of por-
tal hypertension even if clinically relevant mani-
festations (reduced platelet counts (<100,000/dL) 
or variceal bleeding) are rarely seen. It is recom-
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mended to routinely check for radiological and 
clinical evidence of portal hypertension as this is 
not an acute process (Gaba et al. 2009).

Radiation Pneumonitis: The incidence of radi-
ation pneumonitis is less than 1% if standard 
dosimetry models are used (Wright et al. 2012). 
Radiation pneumonitis manifests as a restrictive 
ventilatory dysfunction. On chest CT, it has a 
batwing appearance (Fig.  2); management is 
medical with steroids. Other complications, such 
as atelectasis and pulmonary effusion, are rarely 
observed. A 99mTc-MAA scan is essential for 
calculating the LSF. A high LSF translates into a 
high percentage of activity (and, hence, the dose) 
being delivered to the lungs. Lung doses less than 
30 Gy per treatment and less than 50q Gy cumu-
latively are recommended.

GI Complications: If proper percutaneous 
techniques are used, the incidence of GI 
ulceration is well below 5%. The cause of this 
complication is the ectopic distribution of radio-
embolic microspheres into the lining of the GI 
tract. Severe epigastric pain after treatment 
should be managed aggressively; endoscopy may 
be required to confirm the diagnosis. Cases 
refractory to proton pump inhibitors may require 
surgical management. As opposed to a normal 
ulcer which develops at the mucosal surface, 
90Y-induced ulcers originate from the serosal sur-
face. This may theoretically decrease the ability 
of the ulcer to heal and complicate the surgical 
field from scars/adhesions should surgery be 
required. For these reasons, pretreatment angiog-
raphy is essential for identifying the vessels 

which may supply the GI tract; in fact, prophy-
lactic embolisation of the gastroduodenal artery 
(GDA) is recommended if a high number of 
microspheres are to be delivered. Moreover, if 
the right gastric artery originates from the proper 
hepatic artery, it would be better to embolise it. A 
left hepatic angiogram is carried out to identify 
the left gastric, inferior oesophageal and right 
gastric arteries. Prolonged and delayed angiogra-
phy of the left hepatic artery is recommended; 
opacification of the coronary vein confirms gas-
tric or oesophageal flow. A right hepatic angio-
gram is required to identify the supraduodenal 
and retroportal arteries.

A 99mTc-MAA scan may show splanchnic 
flow but must be correlated to angiographic 
findings (Hamami et al. 2009). Prophylactic gas-
tric acid suppressive agents are recommended 
after therapy. As stated earlier, the degree of 
pretreatment prophylactic embolisation should 
be determined based on the treating physician’s 
experience, vessel size, planned treatment loca-
tion and the radioembolic device being consid-
ered. However, gastrointestinal toxicities can be 
avoided by using meticulous techniques.

Vascular Injury: Radioembolisation is an 
invasive procedure. The incidence of vascular 
injury is very low (<1%) and is, for the most 
part, seen in patients previously exposed to sys-
temic chemotherapy; this could cause increased 
fragility of the artery wall leading to suscepti-
bility to injury (spasm, dissection). They are 
therefore related to the technique and/or previ-
ous chemotherapy rather than to the dose of 
microspheres.

6  TARE in HCC: Treatment 
Outcomes and Survival

Hepatocellular carcinoma represents approxi-
mately 90% of primary liver cancers and consti-
tutes a major health problem worldwide 
(Akinyemiju et  al. 2017). The most commonly 
used staging system for establishing prognosis 
and determining the choice of treatment for HCC 
management is the BCLC system endorsed by 
the guidelines for HCC management of the 

Fig. 2 Lung CT: batwing appearance of radiation 
pneumonitis
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American Association for the Study of Liver 
Diseases (AASLD), the American 
Gastroenterology Association (AGA) and the 
European Association for the Study of Liver 
(EASL) (EASL guidelines 2018). It consists of 
five stages: very early, early, intermediate, 
advanced and terminal, according to variables 
related to tumour burden, liver function (Child- 
Pugh class), clinical status and cancer-related 
symptoms (Eastern Cooperative Group 
Performance Status (ECOG PS)) (Forner et  al. 
2018).

When diagnosed at an early stage of the dis-
ease, HCC may benefit from potentially curative 
treatments, such as liver resection, liver trans-
plantation or local ablation, while, despite the 
effectiveness of the treatment in early and very 
early stages, the majority of patients are diag-
nosed or progress to an intermediate or advanced 
stage, in which treatment options are limited and 
the prognosis is poor (EASL guidelines 2018; 
Golfieri et al. 2019). In fact, even if TACE is rec-
ommended for patients with intermediate-stage 
HCC according to a systematic review by Llovet 
and Bruix (2003) which reported an increased 
survival rate in patients treated with TACE, its 
low efficacy has however been demonstrated in 
large (>5 cm) and in multinodular tumours (Kim 
et  al. 2012; Sangro et  al. 2011; Golfieri et  al. 
2011, 2013) and confirmed by a multicentric 
Japanese study (Takayasu et al. 2012). This study 
showed a significant decrease in 3-year survival 
after superselective TACE for lesions larger than 
5 cm and for multiple lesions (four or more) and 
an inverse correlation between survival and 
tumour size and number.

In the advanced stage, the recommended treat-
ment is sorafenib, a receptor tyrosine kinase 
inhibitor, according to two large randomised tri-
als (Llovet et  al. 2008; Cheng et  al. 2009) that 
reported a benefit in terms of survival rate in 
advanced HCC with distant metastasis and/or 
vascular invasion; moreover, the latest BCLC 
update has acknowledged the positive results of 
recent randomised trials, introducing lenvatinib, 
which has not been proven to be inferior to 
sorafenib, as in first-line therapy and regorafenib, 
which has been shown to improve survival as 

compared to a placebo in selected patients pro-
gressing after sorafenib as second-line therapy 
(EASL guidelines 2018; Golfieri et  al. 2019). 
However, the tolerability of sorafenib and the 
other chemotherapies were revealed to be subop-
timal, especially when sorafenib was down-dosed 
in more than half of the patients and interrupted 
in 45% of patients due to severe adverse events 
(AEs) or liver function deterioration (Iavarone 
et al. 2011).

Therefore, this scenario has led to new thera-
pies for the best management of intermediate/
advanced-stage HCC and, in this setting, available 
data have shown that TARE could be an effective 
therapeutic option. Additional studies regarding 
the safety and efficacy of TARE have led to its 
adoption across BCLC stages, with treatment 
goals ranging from complete tumour control to 
symptom palliation. Clinical practice guidelines, 
however, do not recommend TARE in clinical 
practice. In particular, in the recent EASL guide-
lines, TARE is not recommended in BCLC B and 
C patients due to its failure to demonstrate a sur-
vival benefit when compared to sorafenib (EASL 
guidelines 2018) in two recent random controlled 
trials (RCTs) (Vilgrain et  al. 2017; Chow et  al. 
2018). However, in the same RCTS, TARE has 
demonstrated durable local control and a good 
safety profile, and ongoing trials are seeking to 
elucidate its optimal patient population.

6.1  Clinical Results of TARE in HCC 
Treatment

The role of TARE in HCC was first explored in 
the setting of portal vein thrombosis (PVT). It is 
estimated that approximately one in three HCC 
patients will develop PVT (Okuda et  al. 1985) 
and, historically, TACE in patients with PVT was 
relatively contraindicated out of concern for iat-
rogenically induced acute liver failure unless 
superselective or segmental embolisation could 
be achieved. In 2004, Salem and colleagues 
reported on the safety of 90Y glass microspheres 
in unresectable HCC patients with PVT (Salem 
et al. 2004). In a cohort of 15 patients with PVT 
of one or both first order segmental portal vein 
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branches who underwent TARE, the treatment 
was well tolerated with grade 1–2 bilirubin toxic-
ity noted in only five patients, and it was attrib-
uted to intrahepatic disease progression rather 
than treatment effect. No patient experienced 
liver failure and, for the first time, TARE was 
confirmed to be safe in HCC patients with 
PVT. Furthermore, it was found that due to the 
minimally embolic nature of 90Y glass micro-
spheres, this treatment did not preclude future 
intra-arterial treatments, such as TACE (Salem 
et al. 2004). In 2008, a similar two-centre phase 2 
study investigated the safety and efficacy of 
TARE in 108 unresectable HCC patients with 
and without PVT of the branch or the main portal 
vein (Kulik et al. 2008), building upon previous 
results in this patient population. No cases of 
radiation-induced gastritis or pneumonitis were 
reported, and post-treatment elevations of biliru-
bin and the development of ascites were higher in 
the group with main PVT. Importantly, there was 
no increased risk of hepatic failure or encepha-
lopathy between patients with main PVT versus 
those with branch or no PVT.  Moreover, there 
were no significant treatment-related complica-
tions or treatment-related deaths. With respect to 
efficacy, partial responses (PRs) were noted in 
42.2% of patients using the World Health 
Organization (WHO) criteria and in 70% of 
patients using the EASL criteria.

In 2013, treatment sequencing of HCC 
patients with PVT was further elucidated. In a 
cohort of 63 patients treated with TARE who 
experienced disease progression, investigators 
noted that 64% of the patients were deemed ineli-
gible for systemic treatment or clinical trials due 
to a worsened Child-Pugh status (Child-Pugh B 
or C) at the time of progression (Memon et  al. 
2013). In addition, survival was significantly 
shorter when comparing Child-Pugh A versus B 
groups (13.8 vs. 6.5 months). These findings led 
investigators to conclude that an adjuvant 
approach to sequencing in which systemic treat-
ment is administered after TARE but before dis-
ease progression/declines in liver function may 
be beneficial in this patient population.

With the safety profile of TARE better under-
stood and its efficacy coming to light, several 

studies began to examine long-term treatment 
outcomes across stages. In the first long-term 
outcome analysis for 291 HCC patients treated 
with TARE using glass microspheres, Salem 
et al. measured response rate, time to progression 
(TTP), and survival across stages (Salem et  al. 
2010). The investigators noted objective response 
rates (ORR) of 42 and 57% based on the WHO 
and the EASL criteria, respectively. Time to pro-
gression for the entire patient cohort was 
7.9 months and varied by Child-Pugh stage as did 
survival outcomes. Patients with Child-Pugh A 
disease survived significantly longer than those 
with Child-Pugh B disease (17.2 vs. 7.7 months). 
Moreover, patients with Child-Pugh B disease 
and PVT had the worst outcomes with a median 
OS of 5.6  months. This study was the first to 
demonstrate the varying TTPs and outcomes by 
Child-Pugh status.

Moreover, even if PVT is not a contraindica-
tion for radioembolisation, the prognosis is, how-
ever, closely correlated to the PVT extension; in 
fact, Kulik et  al. (2008) reported, using glass 
microspheres, an OS of 4.4  months in patients 
with main PVT, of 9.9  in patients with branch 
PVT and of 15.4  months in patients without 
PVT. Similar results were obtained with the resin 
microspheres (OS of 9.7  in patients with main 
PVT, 10.7  in patients with branch PVT and 
15.3 in patients with patent PVT) (Sangro et al. 
2012). In 2013, Mazzaferro and colleagues con-
ducted the first phase 2 study examining the 
 efficacy and long-term outcomes of 90Y radioem-
bolisation in BCLC intermediate and advanced 
HCC (Mazzaferro et  al. 2013). In 52 patients 
with a median follow-up time of 36 months, they 
observed that OS was correlated to Child-Pugh 
status and, in particular, to the presence and the 
extension of PVT; in fact, they reported that 
patients with Child-Pugh A and branch PVT have 
OS similar to patients with Child-Pugh A without 
PVT (17  months vs. 18  months). Another 
European series of 104 patients showed a median 
OS which differed significantly between patients 
with segmental and lobar/main PVT (p = 0.031); 
moreover, OS was 17 months in both those with 
patent vessels and those with segmental PVT 
(Golfieri et al. 2015a, b). More recently, Spreafico 
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et  al. (2018) proposed a prognostic score (vali-
dated by other groups (Mosconi et al. 2018)) for 
survival in patients with HCC and PVT undergo-
ing TARE where the only variables indepen-
dently correlated with OS were bilirubin, 
extension of PVT and tumour burden. Three 
prognostic categories were identified: favourable 
prognosis (0 points), intermediate prognosis (2–3 
points) and dismal prognosis (>3 points) and the 
median OS in the three categories was 
32.2  months, 14.9  months and 7.8  months, 
respectively (p < 0.0001), confirming the relevant 
role of liver function and the presence/extension 
of PVT.

More recently, a retrospective analysis by 
Gordon et al. sought to elucidate baseline patient 
characteristics and prognostic factors in unresect-
able HCC patients called “super survivors,” those 
remaining alive >3  years after 90Y treatment 
(Gordon et  al. 2018). Sixty-seven “super survi-
vors” were identified. Upon further analysis, the 
common variable among these patients was an 
imaging response after treatment. Moreover, the 
Child-Pugh score and main PVT stratified median 
OS and segmental versus lobar PVT, 90Y was 
associated with improved OS.

6.2  Comparisons to TACE 
and Sorafenib

In recent years, there have been several studies 
comparing the efficacy of 90Y radioembolisation 
to TACE and systemic therapies in the settings of 
definitive treatment and in downstaging as a 
bridge to transplantation.

6.2.1  TARE vs. TACE
The first paper regarding this topic was published 
in 2011 by Salem et al. (2011); they reported that 
patients with HCC treated with TACE or TARE 
had similar survival times (20.5  months vs. 
17.4 months, respectively, P = 0.232); however, 
TARE resulted in longer time-to-progression 
(13.3  months vs. 8.4  months, respectively, 
P  =  0.046) and less toxicity than TACE.  In 
patients with intermediate-stage disease, survival 
was similar between the groups which received 

TACE (17.5  months) and TARE (17.2  months, 
P  =  0.42). Other retrospective studies obtained 
similar results; in fact, Lance et al. did not report 
any significant differences in survival when com-
paring 38 patients treated with TARE and 35 
treated with TACE (median 8.0  months vs. 
10.3 months, respectively, p = 0.33) (Lance et al. 
2011) in line with other papers (Moreno-Luna 
et al. 2013; El Fouly et al. 2015).

In 2016, a systematic review and meta- 
analysis of 5 studies and 553 patients with 
unresectable HCC who underwent TACE or 
TARE was carried out (Lobo et al. 2016). The 
analysis showed no significant survival differ-
ences between the groups for up to 4  years. 
Furthermore, partial and complete response 
(CR) rates were similar as were the complica-
tion profiles between the two treatments, 
although it was noted that patients receiving 
TACE had increased post- treatment pain (Lobo 
et  al. 2016). However, in 2016, the results of 
the PREMIERE trial, a landmark phase 2 study 
comparing the TTP for 45 BCLC A and B 
patients randomized to TACE or TARE, were 
released (Salem et al. 2016). The investigators 
discovered a significantly longer median TTP 
for patients receiving 90Y radioembolisation 
when compared to TACE (26  months vs. 
6.8 months), although no differences in  survival 
were noted “suggesting local control is insuf-
ficient for survival improvement in cirrhotic 
patients with competing risks of death” (Salem 
et  al. 2016). It should be noted that the trial 
was closed early due to slow accrual.

A meta-analysis of Facciorusso et  al. (2016) 
confirmed these data; in fact, analysing a total of 
ten studies, of which two were randomised con-
trolled trials, the survival rate assessed at 1 year 
showed absolute similarity between the two treat-
ment groups (odds ratio (OR) = 1.01; 95% confi-
dence level (CI), 0.78–1.31; P  =  0.93) but the 
longer the period after the treatment, OS tended 
to significantly increase with increase in time 
after the treatment, thus indicating better long- 
term outcomes in patients who underwent TARE 
(2-year SR (OR  =  1.43, 1.08–1.89, P  =  0.01), 
3-year SR (OR = 1.48, 1.03–2.13, P = 0.04)). A 
recent meta-analysis (Casadei Gardini et  al. 
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2018) considering only randomised studies in 
order to provide the highest possible level of evi-
dence reported that overall survival and 
progression- free survival at 1 year were similar 
between the two treatment groups; the authors 
only demonstrated a higher proportion of patients 
undergoing transplantation in the TARE group 
(30% vs. 20.8%), even if it was not statistically 
significant. Despite the lack of survival benefits, 
the increased TTP reported in some studies for 
patients treated with TARE could decrease trans-
plant list dropout, making TARE an attractive 
alternative to transplant-eligible HCC patients 
when compared to TACE. In the setting of down-
staging for transplant eligibility, a comparative 
analysis of TACE versus TARE demonstrated the 
superior performance of TARE in downstaging 
HCC patients from United Network for Organ 
Sharing (UNOS) T3–T2 (Lewandowski et  al. 
2009). In this study of 86 patients, partial 
response rates were significantly higher in the 90Y 
patients, and downstaging was achieved in more 
TARE patients when compared to TACE patients 
(58% vs. 31%). By more efficiently downstaging 
patients from T3 to T2 and thus placing them 
within the confines of the Milan criteria, 90Y 
radioembolisation may more quickly allow for a 
UNOS priority status upgrade and quicker access 
to donor organs.

However, significant data regarding compari-
son between TARE and TACE are lacking due to 
the well-known heterogeneity of the BCLC-B 
stage, which includes different tumour character-
istics in terms of tumour number and size. For 
this reason, Bolondi et al. (2013) proposed a sub-
classification of the intermediate stage; they 
identified the B2 group, which included patients 
with Child-Pugh class A status exceeding the 
up-to-7 criterion as good candidates for TARE, 
and some subsequent studies seem to confirm 
these data (Cappelli et al. 2019).

6.2.2  TARE vs. Sorafenib
The relative efficacy of TARE versus sorafenib 
for advanced HCC patients was evaluated in the 
Strengthening and Stretching for Rheumatoid 
Arthritis of the Hand (SARAH) trial (Vilgrain 
et  al. 2017). This was a phase III, randomised, 

controlled, open-label, multicentre trial which 
included 459 locally advanced HCC patients 
(BCLC C) or those previously treated with two 
unsuccessful rounds of TACE. Patients were ran-
domised to sorafenib or TARE using resin micro-
spheres; the primary endpoint was OS, with 
secondary endpoints including PFS, TTP, 
response rate, adverse events and quality of life 
(QOL). The median OS was not significantly dif-
ferent between the two treatment arms, with 
patients surviving 8.0 months in the TARE group 
and 9.9  months in the sorafenib group. The 
median PFS was similar between the two groups 
in both the intention-to-treat (ITT) population 
and in the per-protocol population. The ORR was 
significantly higher in the TARE intention to treat 
population. Furthermore, higher rates of 
treatment- related adverse events including 
fatigue, haematologic abnormalities, diarrhoea, 
abdominal pain and dermatologic reactions were 
noted in the sorafenib group.

More recently, a randomised, phase III, open- 
label, multicentre trial comparing sorafenib to 
TARE using resin microspheres in 360 patients 
with locally advanced HCC patients with and 
without vascular invasion was conducted (selec-
tive internal radiation therapy versus sorafenib 
(SIRveNIB)) (Chow et  al. 2018). The primary 
endpoint was OS and the secondary endpoint was 
PFS, tumour response rate, toxicity and 
QOL. Median OS was not statistically different 
between the two groups (8.8 vs. 10.0 months in 
the TARE and sorafenib groups, respectively), 
although patients treated with TARE were noted 
to have higher tumour response rates and twofold 
fewer adverse events. These results were similar 
to the SARAH study (Vilgrain et al. 2017); both 
studies were negative and demonstrated no sur-
vival benefits for TARE when compared to 
sorafenib. However, as reported in some recent 
papers (Sposito and Mazzaferro 2018), these 
results must be interpreted with caution and there 
are many questionable points to think about. First 
of all, as stated elsewhere, failure of rejecting the 
null hypothesis in a superiority trial should be 
distinguished from the concept used in a non- 
inferiority trial, in which a non-inferiority margin 
is set a priori and generally larger sample sizes 
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are needed (Llovet and Finn 2018). Consequently, 
neither the results of the SIRveNIB trial nor the 
results of the SARAH trial could have been 
instrumental in claiming for an equivalency 
between TARE and sorafenib. Thus, how should 
the results of these two recent RCTs be inter-
preted in the light of previously published studies 
and clinical experience which showed a promis-
ing efficacy of TARE even if at a lower level of 
evidence? Should TARE be abandoned as a treat-
ment for HCC or should it be pursued in some 
specific subsets of patients? To answer these 
questions, the difficulties and potential biases 
undermining trials which compare an interven-
tional procedure to a drug should be carefully 
analysed.

The second relevant point is that radioemboli-
sation is a sophisticated technical procedure 
which requires great skill and multidisciplinary 
management involving a medical and non- 
medical team after a considerable learning curve. 
The expertise in managing this treatment might 
have been highly heterogeneous in both the 
SIRveNIB trial (which was conducted at 11 cen-
tres of which only 5 had facilities to perform 
TARE) and the SARAH trial (which was con-
ducted at 25 centres). The majority of the cohort 
studies reporting promising results of TARE 
were carried out on series from single centres 
which were highly experienced (Rognoni et  al. 
2016); the relatively poor results of TARE in both 
RCTs might be partially explained by the diluting 
effect of the multicentricity of the design, with 
some contributing centres having little experi-
ence of administering TARE. Moreover, consid-
ering that TARE is a form of radiotherapy, 
dosimetric considerations should have been bet-
ter elucidated. In the two RCTs, the planned 
activity and 90Y treatment dose were based on 
body surface area; no endpoints regarding 
tumour-absorbed dose and liver-absorbed dose 
were planned while a clear tumour dose-response 
relationship with glass microspheres had already 
been demonstrated in several studies (Chiesa 
et  al. 2011). Finally, as already explained, the 
appropriate population in which a benefit of 
TARE over sorafenib could be shown still needs 
to be defined. Local treatment, such as TARE, 

and surgical resection have been demonstrated to 
be particularly effective in those patients with 
PVT limited to primary or secondary order 
branches of the portal vein and less or noneffec-
tive in patients with occlusion of the main portal 
trunk (Rognoni et al. 2016; Spreafico et al. 2018; 
Kokudo et al. 2016). In both the SIRveNIB and 
the SARAH trials, subgroup analyses did not 
demonstrate a significant survival benefit in 
patients with PVT undergoing TARE. Apart from 
being underpowered by definition, subgroup 
analyses in both studies were not designed to tar-
get survival differences according to PVT exten-
sion. In conclusion, the SIRveNIB and the 
SARAH trials failed to prove the superiority of 
TARE over sorafenib in patients with advanced 
HCC.  However, these trials were pivotal since 
they were the first RCTs confirming the safety 
and efficacy of TARE in patients with locally 
advanced HCC.  Both studies suggested that 
TARE might be better tolerated than sorafenib in 
those patients, and these results were in line with 
what is felt by the majority of clinicians dealing 
with TARE.  A clear superiority of TARE with 
respect to sorafenib in inducing tumour response 
was confirmed; the reasons why this result did 
not translate into a benefit in OS or in PFS should 
probably be researched with a better and more 
restrictive patient selection for the procedure. In 
particular, until new trials are designed, it would 
be more correct that the results of large cohort 
studies demonstrating that radioembolisation 
provides a significant survival benefit in patients 
with HCC and PVT (Rognoni et al. 2016) not be 
disregarded because of the present two negative 
RCTs which included a broader spectrum of 
intermediate and advanced HCC patients.

6.3  TARE in ICC: Treatment 
Outcomes and Survival

Intrahepatic cholangiocarcinoma is the second 
most common primary liver cancer after HCC 
(Bridgewater et  al. 2014]. Although relatively 
rare, its incidence is increasing worldwide, 
accounting for up to 15% of primary liver cancers 
with an age-adjusted rate of about 2.1 per 100,000 

C. Mosconi and R. Golfieri



335

people/year in western countries (Yang et  al. 
2012). The only potential curative treatment is 
surgical treatment; however, only 30–40% of 
ICCs are diagnosed at a stage which meets the 
criteria for curative resection (Bridgewater et al. 
2014). Furthermore, curative-intent surgery is 
mainly limited by the high recurrence rate of this 
cancer; however, it can increase median overall 
survival from 27 to 36 months. If untreated, unre-
sectable ICCs have a median survival of less than 
8 months (Roayaie et al. 1998; Chou et al. 1997) 
which can be increased to approximately 
12  months with systemic chemotherapy (gem-
citabine and cisplatin) (Valle et al. 2010).

For these reasons, locoregional therapies, such 
as RFA or transarterial therapies, including 
hepatic artery infusion (HAI) and TACE, have 
been employed. However, given the relative radi-
ation sensitivity of ICC (Chou et al. 2007), TARE 
could be promising as a locoregional treatment 
for this tumour (Fig. 3). Preliminary analyses of 
safety and efficacy have been reported in some 
small studies (Ibrahim et  al. 2008; Rafi et  al. 
2013), with median survival ranging from 9 to 
22 months.

6.3.1  Clinical Results of TARE in ICC 
Treatment

For patients with ICC, some data exists regarding 
the utility and efficacy of TARE in patients with 
unresectable ICC. The first study of Ibrahim et al. 
(2008) reported the results of TARE in 24 patients 
with histologically proven ICC; they showed 
(follow-up available for 22 patients), according 
to the WHO Criteria, a partial response in 6 
patients (27%), stable disease in 15 patients 
(68%) and disease progression in 1 patient (5%) 
and, according to the EASL Criteria, a complete 
response in 2 patients (9%) and a partial response 
in 17 patients (77%). The median OS was 
14.9 months from the time of the first treatment. 
Median survival was significantly prolonged in 
patients with ECOG performance status 0 as 
compared to those with status 1 and 2 
(31.8 months vs. 6.1 months and 1 month, respec-
tively, P < 0.0001) and in patients without PVT 
(31.8  months vs. 5.7  months, P  =  0.0003); the 
median survival of patients with peripheral ver-

sus infiltrative tumours was 31.8  months and 
5.7 months, respectively (P = 0.0005).

A second and more recent study of the same 
group (Mouli et al. 2013) confirmed these initial 
results. In evaluating the response based on the 
WHO criteria, disease control was evident in 
98% of patients, and, based on the EASL Criteria, 
73% of patients exhibited greater than 50% 
necrosis on follow-up imaging. Survival varied 
according to the presence of multifocal 
(5.7  months vs. 14.6  months), infiltrative 
(6.1 months vs. 15.6 months) or bilobar disease 
(10.9 months vs. 11.7 months).

In a series of 33 patients, Hoffmann et  al. 
(Hoffmann et al. 2012) reported a median OS of 
22 months from the time of the first treatment and 
disease control (partial response or stable disease 
(SD)) in 85% of patients, all evaluated according 
to the Response Evaluation Criteria in Solid 
Tumours (RECIST) Criteria. The median TTP 
was 9.8 months. Survival and TTP were signifi-
cantly prolonged in patients with ECOG 0 vs. 
ECOG 1 or 2 (median OS (29.4, 10 and 
5.1  months, respectively), TTP (17.5, 6.9 and 
2.4 months, respectively)), in those with a tumour 
burden ≤25% (OS, 26.7 vs. 6 months; TTP, 17.5 
vs. 2.3 months) or in those with tumour response 
(partial response or stable disease vs. progressive 
disease (PD); OS (35.5, 17.7 vs. 5.7  months, 
respectively), TTP (31.9, 9.8 vs. 2.5  months, 
respectively)).

Saxena et al. (2010a, b) demonstrated disease 
control in 74% of patients according to the 
RECIST Criteria and a median OS of 9.3 months 
in a study of 25 patients; survival was signifi-
cantly correlated to two factors, peripheral 
tumour type (vs. infiltrative, P = 0.004) and an 
ECOG performance status of 0 (vs. 1 and 2, 
P < 0.001). Furthermore, in a series of 19 patients, 
Rafi et al. (Rafi et al. 2013) showed a median sur-
vival of 345 ± 128 days from the time of the first 
TARE but the median survival was not correlated 
with the ECOG performance status or the pres-
ence of extrahepatic metastases.

Camacho et al. (2014) reported a median OS 
of 16.3  months (95% CI, 7.2–25.4  months). 
Using the mRECIST and the EASL Criteria 
applied to the delayed phases of dynamic 
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contrast- enhanced cross-sectional imaging, the 
target ORRs (CR and PR) were 56.2% for mRE-
CIST, 50% for EASL and only 6.2% for 
RECIST.  The overall ORRs were 0% for 
RECIST and 37.5% for mRECIST. They found 
significant differences in survival between mRE-
CIST and EASL versus RECIST when categoris-

ing patients into responders and nonresponders 
(P < 0.001).

Al-Adra et al. (2015) carried out a comprehen-
sive review of the current studies and clinical out-
comes of unresectable ICCs treated with TARE, 
identifying 12 studies with relevant data. Based on 
a pooled analysis, they found partial responses in 

a b

c d
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Fig. 3 A pretreatment CT showed a large, hypervascular, 
biopsy-proven cholangiocarcinoma in the right lobe as 
visualised in the arterial (a), portal (b) and delayed 

phases (c). The CT performed after 3 months (d–f) dem-
onstrates marked lesions shrinkage with almost complete 
necrosis
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28% and stable disease in 54% of patients at 3 
months, and the overall weighted median survival 
was 15.5 months. However, the authors pointed out 
the heterogeneity of the study populations included 
in the pooled OS; in fact, all the studies reported 
survival after the initiation of TARE but, in some 
cases, the patients had undergone systemic chemo-
therapy prior to or during the treatment. Therefore, 
the overall pooled survival may have underesti-
mated the effects of TARE if some patients had 
already undergone previous therapies.

Recently, Edeline et  al. (2015) and Mosconi 
et  al. (2016) showed that TARE combined with 
chemotherapy seemed to be a promising strategy 
as a first-line treatment for unresectable intrahe-
patic cholangiocarcinoma; Edeline observed a 
median progression-free survival after TARE of 
10.3  months; a longer PFS was observed when 
chemotherapy was given concomitantly with 
TARE than when it was given before TARE, with 
a respective median of 20.0 versus 8.8  months 
(P = 0.001) (median OS was not reached). Mosconi 
et al. showed a median OS of 17.9 months (14.3–
21.4  months, 95% CI) with significantly better 
median survival in the treatment- naive patients as 
compared with previously treated patients (52 vs. 
16 months, p = 0.009).

Moreover, Cucchetti et al. (2017) recently car-
ried out a meta-regression study, obtaining two 
very relevant results: first, naïve ICCs treated with 
TARE have a 2-year survival of 50.4% while ICCs 
treated after failure/recurrence of a previous treat-
ment have a 2-year survival of 23.6%, with a statis-
tically significant difference; second, they found a 
significant correlation between the 1-year survival 
rates reported in the literature and the number of 
infiltrative ICCs included in each study, with a 
median pooled survival of the infiltrative type esti-
mated to be 8.2 months, considerably lower than 
that estimated for peripheral ICC of 19.3 months.

6.4  TARE in in Metastatic CRC 
(mCRC): Treatment Outcomes 
and Survival

Colorectal cancer is the third leading cause of 
cancer death in both the United States and Europe 

(Grothey et al. 2004; Jemal et al. 2002). The liver 
is often the dominant site of metastatic disease, 
thus being the most significant clinical problem 
(Zacharias et al. 2015), with approximately 50% 
of those diagnosed developing metastases, either 
synchronous or metachronous, within 2  years 
after diagnosis of the primary tumour (Schindl 
et al. 2002). The 5-year OS for patients with met-
astatic CRC is approximately 13% (National 
Cancer Institute 2016). Resection has a five-year 
survival rate of 30–40% in the treatment of 
colorectal liver metastases (Adam et  al. 2004), 
but fewer than 25% of patients are suitable for 
resection at diagnosis (Delaunoit et  al. 2005). 
Chemotherapy alone or combined with biological 
agents can also result in significant tumour 
downstaging, allowing for the subsequent resec-
tion of liver metastases. For these patients, a five- 
year survival of 33% can be achieved. A 
proportion of patients with initially unresectable 
liver disease become suitable for resection 
 following systemic chemotherapy (12.5–40%) 
(Adam et al. 2009; Alberts et al. 2005). Although 
liver resection can achieve long-term survival, 
the majority of patients have extrahepatic disease 
or are unresectable due to tumour size and num-
ber, location, or an inadequate residual liver. For 
patients with unresectable disease, five-year sur-
vival remains just over 10% and, hence, explora-
tion of treatments targeted for liver-only or 
liver-dominant disease is potentially important 
(Townsend et al. 2016).

There are several non-surgical treatment 
options in addition to systemic chemotherapy 
for patients with liver-isolated or liver-dominant 
CRC metastases who are not candidates for 
potentially curative resection. However, there 
has been growing interest and utilisation of 
other hepatic arterial therapies, in particular 
TARE (Benson et al. 2013; Maawy et al. 2016) 
which has been shown to have tolerable toxicity 
with good results regarding response and sur-
vival. The relevant studies in this setting are 
summarised below, with particular attention 
paid to randomised controlled trial evidence of 
the use of TARE in the management of advanced 
CRC as a first-line therapy and as a salvage 
treatment.
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6.4.1  Clinical Results of TARE in mCRC 
Patients

6.4.1.1 First-Line Therapy
SIR-Spheres® has been approved in the USA, 
based upon results from a single controlled trial 
in which 74 patients with liver-isolated CRC 
metastases were randomly assigned to hepatic 
artery infusion with fluorodeoxyuridine (FUDR) 
alone or in conjunction with the single intrahe-
patic artery administration of TARE (Gray et al. 
2001). Although, in this trial, patients were not 
excluded from participation if they had received 
prior systemic chemotherapy for metastatic dis-
ease, only five patients in each arm had received 
this therapy. In addition, accrual did not reach the 
planned target of 90 patients and it was perhaps 
underpowered as a result. Combined HAI-FUDR/
TARE therapy was associated with a significantly 
better objective complete response rate (44 vs. 
18%) and median time to progression (16 vs. 
10 months), with similar toxicity grades of 3 and 
4 when compared to HAI-FUDR alone. Although 
the 1-, 2-, 3- and 5-year overall survival rates for 
patients receiving TARE (72, 39, 17 and 4%, 
respectively) did not differ significantly from 
those of patients in the control arm (68, 29, 7 and 
0%, respectively), Cox regression analysis sug-
gested a survival benefit for patients who lived 
longer than 15 months. A reasonable conclusion 
from this trial was that TARE was active in the 
setting of HAI-FUDR-based therapy.

Following this study, other studies have anal-
ysed the role of TARE in this setting, showing a 
high response rate (>80%), with a prolonged 
mean survival (30  months) (Van Hazel et  al. 
2004; Tie et  al. 2010). The results of the 
SIRFLOX clinical trial and the combined analy-
sis of three multicentre, randomised, phase III 
trials (FOXFIRE, SIRFLOX and FOXFIRE-
Global) (Wasan et al. 2017) have recently been 
published. SIRFLOX was a randomised, multi-
centre trial designed to assess the efficacy and 
safety of the addition of TARE to mFOLFOX6-
based chemotherapy with or without bevaci-
zumab in patients with previously untreated 
metastatic CRC.  Chemotherapy-naïve patients 

with liver metastases plus or minus limited extra-
hepatic metastases were randomly assigned to 
receive either modified FOLFOX 
(mFOLFOX6)—control group—or mFOLFOX6 
plus TARE plus or minus bevacizumab. The pri-
mary endpoint was PFS at any site as assessed 
by an independent centralised radiology review 
blinded-to-study arm. The authors randomised 
530 patients, assigned to each treatment (control, 
263; TARE, 267). Median PFS at any site was 
10.2 vs. 10.7 months in the control group versus 
the TARE group (P = 43) while median PFS in 
the liver by competing risk analysis was 12.6 in 
the control group vs. 20.5 months in the TARE 
group (P = 0.002). The ORRs at any site were 
similar (68.1% in the control group vs. 76.4% in 
the TARE group; P = 0.113) while the ORR in 
the liver was improved with the addition of 
TARE (68.8% in the control group vs. 78.7% in 
the TARE group; P = 0.042). The authors con-
cluded that the addition of TARE to FOLFOX-
based first-line chemotherapy in patients with 
liver- dominant or liver-only CRC metastases did 
not improve PFS at any site but significantly 
delayed disease progression in the liver while 
waiting for the results regarding survival pub-
lished in the combined analysis of three multi-
centre, randomised, phase 3 trials (FOXFIRE, 
SIRFLOX and FOXFIRE-Global). The results 
were published in September 2017; FOXFIRE, 
SIRFLOX and FOXFIRE-Global (Wasan et  al. 
2017) were randomized phase III trials carried 
out in hospitals and specialist liver centres in 14 
countries worldwide (Australia, Belgium, 
France, Germany, Israel, Italy, New Zealand, 
Portugal, South Korea, Singapore, Spain, 
Taiwan, the UK and the USA). Chemotherapy-
naïve patients with mCRC WHO performance 
status (0 or 1) with liver metastases not suitable 
for curative resection or ablation were randomly 
assigned (1:1) to either oxaliplatin-based che-
motherapy (FOLFOX: leucovorin, fluorouracil 
and oxaliplatin) or FOLFOX plus single TARE 
treatment concurrent with cycle 1 or cycle 2 of 
chemotherapy. The primary endpoint was OS 
(with 2  years of follow-up), using a two-stage 
meta-analysis of pooled individual patient data. 
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Five hundred and forty-nine patients were ran-
domly assigned to FOLFOX alone and 554 
patients were assigned FOLFOX plus TARE; the 
median survival time in the FOLFOX plus TARE 
group was 22.6 months (95% CI, 21.0–24.5) ver-
sus 23.3  months (95% CI, 21.8–24.7) in the 
FOLFOX-alone group, without statistically sig-
nificant differences (p  =  0.61). Therefore, this 
analysis showed that the significant improve-
ment in liver disease control assessed by com-
peting risk analyses did not correspond to a 
benefit in OS. This result is completely different 
from the result of the European Organization for 
Research and Treatment of Cancer (EORTC) 
Chemotherapy + Local Ablation versus 
Chemotherapy (CLOCC) study (Ruers et  al. 
2017) which showed that a significant effect of 
TARE ablation with or without surgery on pro-
gression-free survival translated into a highly 
significant overall survival benefit in patients; 
however, in this study, patients did not have a 
primary tumour in situ or extrahepatic metasta-
ses at trial entry. On the contrary, in the FOXFIRE, 
SIRFLOX and FOXFIRE-Global studies, half of 
the study population had a primary tumour in situ 
and approximately a third had extrahepatic 
metastases; therefore, the absence of benefit of 
adding TARE to FOLFOX on PFS and OS in the 
combined study could be partly explained by the 
high proportion of patients who developed first 
progression at an extrahepatic site, independently 
of whether the metastases were liver-only at 
baseline or whether there were extrahepatic 
metastases or primary tumours in situ at baseline. 
However, the demonstrated absence of an OS 
benefit suggested that the early use of TARE in 
combination with first- line oxaliplatin-based 
chemotherapy cannot be recommended in 
unselected patients with mCRC.

6.4.2  TARE as a Single Treatment 
in mCRC Chemotherapy- 
Refractory Patients

Multiple retrospective studies have reported out-
comes when TARE was used as a salvage ther-
apy in chemotherapy-refractory patients, 
showing significantly extended PFS, TTP and 
OS in patients with unresectable liver-only or 

liver- dominant CRC metastases who had failed 
standard- of-care systemic chemotherapy. The 
most significant comparative and non- 
comparative studies carried out in this group of 
patients (Golfieri et  al. 2015a, b; Sofocleous 
et al. 2015) obtained good results regarding OS 
which ranged from 8 to 13 months. In particular, 
Bester et al. reported the results of a retrospec-
tive study which evaluated the safety to the liver 
and the survival of patients with chemotherapy- 
refractory mCRC who were treated with resin 
microsphere TARE (n D224) as compared with 
patients who underwent standard/supportive 
care (Bester et  al. 2012). The median OS after 
TARE was 11.9  months as compared to 
6.3  months for the standard care cohort. 
Moreover, the study by Seidensticker et  al. 
(2012) evaluated OS after TARE with resin 
microspheres vs. best supportive care (BSC) in 
patients with chemotherapy- refractory liver-
dominant mCRC.  Twenty-nine patients who 
received TARE were retrospectively matched 
with a contemporary cohort of 500 patients who 
received BSC, with prolonged  survival in the 
TARE group (median, 8.3 vs. 3.5  months; 
p < 0.001). In a phase II multicentre clinical trial, 
Cosimelli et al. (2010) reported an ORR of 24% 
using RECIST. The median TTP was 3.7 months 
and the median OS was 12.6 months. A system-
atic review by Saxena et al. (n = 979) reported a 
median time to intrahepatic progression of 
9 months (range 6–16) and a median overall sur-
vival of 12 months (range 8.3–36). After treat-
ment, the average reported value of patients with 
a complete radiological response, partial 
response and stable disease was 0% (range 
0–6%), 31% (range 0–73%) and 40.5% (range 
17–76%), respectively (Saxena et al. 2014). The 
number of previous lines of chemotherapy (≥3), 
poor radiological response to treatment, extrahe-
patic disease and extensive liver disease (≥25%) 
were the factors most commonly associated with 
poorer overall survival.

Therefore, the median OS of patients who 
failed third-line therapy ranged from 4 to 
6 months; therapy with TARE may improve sur-
vival outcomes. The utility of concomitant che-
motherapy requires additional exploration.
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6.5  TARE in Non-colorectal Cancer 
Liver Metastases: Treatment 
Outcomes and Survival

6.5.1  Clinical Results of TARE in 
Non- colorectal Cancer Liver 
Metastasis Treatment

Neuroendocrine liver metastases (NELMs) 
appear as an ideal target for this treatment 
modality due to their hypervascularity, well-pre-
served liver function and good general condition 
in the majority of patients despite their advanced 
tumour stage. Additional favourability may be 
found in the substantial potential for TARE in 
the symptomatic relief of patients with carcinoid 
syndrome from hormonally active NELMs. 
There are some studies regarding the use of 
TARE in this setting. Moreover, a recent meta- 
analysis by Frilling et  al. (2019) demonstrated 
evidence of the clinical effectiveness and safety 
of TARE for neuroendocrine liver metastases. 
They reported a cumulative ORR of 51% and a 
disease control rate of 88% with median overall 
survival of 32 months. However, neuroendocrine 
cancer is a complex disease; therefore, the pos-
sibility of intra- and extrahepatic disease recur-
rence predicates a mandate for systemic adjuvant 
treatment after TARE. Saxena et  al. (2010a, b) 
identified five factors indicative for improved 
survival in 48 patients with NELMs: complete/
partial response, low hepatic tumour burden, 
well-differentiated tumours, female gender and 
absence of extrahepatic disease. Female gender, 
well-differentiated tumours and the absence of 
extrahepatic disease were associated with com-
plete/partial response. Inversely, higher tumour 
grade and tumour burden were reported to nega-
tively impact hepatic progression-free survival 
and overall survival after embolisation therapy 
of patients treated for NELMs (TARE in 64 
cases) (Chen et  al. 2017). In another study, 
ECOG performance score 0, a tumour burden of 
25%, albumin <3.5 g/dL and bilirubin <1.2 mg/
dL were positive prognostic factors of survival 
on univariate analysis while, on multivariate 
analysis, only ECOG performance score 0 and 
bilirubin <1.2 mg/dL were prognosticators of a 
favourable outcome (Memon et al. 2012). High 

lung shunt (>10%), total serum bilirubin >1.2 mg 
and lack of pretreatment with octreotide were 
identified on multivariate analysis as factors pre-
dicting poor survival in another study (Ludwig 
et  al. 2016). A novel approach with promising 
outcomes was taken in a phase 1b study in 13 
patients, analysing three dose levels of everoli-
mus (2.5, 5 and 10 mg/day), pasireotide (600 mg 
twice daily) and SIR-Spheres (administered on 
days 9 and 37). The authors hypothesised that 
everolimus and pasireotide, both shown to be 
effective in a palliative setting in neuroendocrine 
tumours (NETs), may potentiate TARE radio-
sensitisation and inhibit rebound angiogenesis. 
The median progression-free survival was 
19 months and overall survival was 46 months. 
No major toxicity or clinical side effects occurred 
(Kim et  al. 2018). In the first published ran-
domised phase II trial run at the University of 
Gothenburg, Sweden, radioembolisation with 
90Y-labelled microspheres was compared with 
transarterial embolisation (TAE) in 11 patients 
with NELMs of the small intestine (Elf et  al. 
2018). The primary endpoint was response to 
treatment according to RECIST 1.1 assessed by 
diffusion-weighted magnetic resonance imaging 
at 3  months post- treatment. At 3  months, all 
metastases in both treatment arms had decreased 
in size; however, the decrease was significantly 
larger in patients treated with TAE (n = 5). The 
in-hospital stay was significantly longer in the 
TAE group (4 days) when compared to the TARE 
cohort (2  days). At 6 months, no difference in 
RECIST 1.1 response was seen between the 
TARE and the TAE groups, indicating a delay in 
imaging response following TARE.  A similar 
experience has been reported by Fidelman et al. 
(2016) who documented time to maximal 
response after TARE on imaging at a median of 
2.8  months (1.0–21.9) in patients treated for 
colorectal liver metastases (n-21) and at a median 
of 1.1  months (0.7–4.5) in patients treated for 
cholangiocarcinoma (n  =  7) as compared to 
11.0  months (5.0–29.6) for those treated for 
NELMs (n = 11). At the same time, the ORR, the 
disease control rate (DCR), median PFS and 
median OS were more favourable in patients 
with NELMs than in those with colorectal liver 

C. Mosconi and R. Golfieri



341

metastases or cholangiocarcinoma. These stud-
ies demonstrated evidence of the safety and effi-
cacy of TARE in this setting which should be 
assessed by local and national clinical commis-
sioning groups. Additional randomised con-
trolled trials with not only standard endpoints 
but also quality of life assessment and economic 
aspects are urgently needed to highlight and 
explain the differences between radioembolisa-
tion and other palliative treatment options for 
patients with unresectable neuroendocrine liver 
metastases. A combination of clinical and trans-
lational research goals should be set to identify 
those patients who might benefit from TARE as 
a first-line treatment and those with a predictably 
poor response to treatment.

Breast cancer liver metastases (BRCLMs): 
Breast cancer is the most commonly diagnosed 
cancer in women, expected to account for 29% of 
all new cancers diagnosed among women (Siegel 
et  al. 2014). Breast cancer confined to the pri-
mary site has a promising prognosis, with esti-
mated 5-year survival rates exceeding 99% 
(Siegel et  al. 2014). The outlook significantly 
worsens for the estimated 20–30% of patients 
who develop distant metastatic disease, with 
5-year survival rates as low as 16–25% 
(Purushotham et al. 2014) and median survival in 
patients with unresectable, chemoresistant 
BRCLMs ranges from 3 and 10 months. Even if 
solitary liver metastases are rare in the setting of 
breast cancer (<5%), of the studies on TARE 
regarding nonconventional liver metastases, 
breast cancer is the most studied; the first study 
investigating survival of BRCLM patients under-
going TARE was by Bangash et al. (2007) who 
assessed 27 patients with progressing liver metas-
tases being treated with polychemotherapy. Of 
the 23 patients, 39.1% showed either complete or 
partial response according to the WHO criteria; 
median survival for the 21 patients with a tumour 
burden <25% and 6 patients with a tumour bur-
den >25% were 9.4 and 2.0 months, respectively. 
The authors concluded that although the tumour 
response with TARE was encouraging, the influ-
ence on survival remained unclear. A larger study 
in 2007 by Coldwell et al. (2007) included a total 
of 44 women with unresectable chemorefractory 

BRCLMs; 47% of the 36 patients had a partial 
response according to the RECIST criteria and 
95% of all 44 patients showed a response on PET 
scan. Based on an expected median survival of 
patients with advanced breast cancer responding 
to standard chemotherapy of 14  months, the 
authors predicted the patients would demonstrate 
an increase in overall survival. However, at 
14  months, 86% of patients were still alive. 
Patients nonresponsive to CT or PET had a 
median survival of 3.6 months. In 2013, the larg-
est study to date reported the use of TARE in 77 
unresectable chemorefractory BRCLM patients. 
Response rates were consistent with prior studies 
having a partial response rate of 56% according 
to the RECIST criteria. Median survival was 
11.5  months; in patients with ECOG 0, with 
<25% of tumour burden and no extrahepatic dis-
ease, median survival was promising at 
14.3 months (Cianni et al. 2013).

Metastatic Melanoma: Melanoma is a partic-
ularly lethal form of skin cancer, accounting for 
75% of skin cancer-related deaths; the most 
 common types of melanoma are cutaneous (over 
90%) and ocular (around 5%) (Markovic et  al. 
2007; Bakalian et al. 2008). Ocular (uveal) mel-
anomas have a tendency to metastasise to the 
liver (95% of ocular metastatic disease) whereas 
liver metastasis occurs in just 15%–20% of met-
astatic cutaneous melanomas. As a first-line 
treatment, standard chemotherapy has tradition-
ally been ineffective in metastatic patients; liver-
directed therapy is a preferred approach to 
reduce the tumour burden and prolong overall 
survival. Four studies have been using TARE 
regarding melanoma liver metastases; in 2011, 
Gonsalves et  al. (2011) studied a larger cohort 
consisting of 32 patients with hepatic metastasis 
of uveal melanoma. Median OS was 10.0 months 
but only 6% had treatment response according to 
the RECIST criteria. The low response rate was 
attributed to the inclusion of salvage patients 
with bulky, treatment- resistant progressive 
lesions and a high tumour burden (seven patients 
had >25% hepatic tumour burden). Given the 
hypervascular and aggressive nature of mela-
noma liver metastases, locoregional treatment 
with TARE appears to be a reasonable approach 
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at reducing disease progression. Median overall 
survival ranges from 7.6 to 10.1  months, sub-
stantially improved over the expected less than 
3 months reported decades ago.

Metastatic pancreatic cancer carries a notori-
ously dismal prognosis (Ghaneh et  al. 2002). 
Systemic chemotherapy, the current mainstay of 
treatment, has poor median overall survival 
(Cunningham et al. 2009). A paucity of clinical 
data exists regarding TARE for liver metastases 
of pancreatic cancer patients; the first small study 
in 2010 by Cao et al. (2010) included seven pan-
creatic adenocarcinoma patients with liver metas-
tases. Two patients died prior to the initial 
follow-up and two (40%) of the remaining five 
patients exhibited partial response according to 
the RECIST criteria. Average median survival 
was not provided, but the authors reported that 
one patient survived nearly 15  months after 
TARE therapy. A second, slightly larger, study in 
2014 by Michl et al. (2014) on 19 chemorefrac-
tory pancreatic patients with metastatic liver dis-
ease reported an encouraging median overall 
survival of 9.0 months. Five patients died and one 
patient was lost to the study due to disease pro-
gression prior to the initial follow-up. Of the 13 
patients at initial follow-up, 64.3% exhibited par-
tial response according to the RECIST criteria; 
nine patients received adjuvant chemotherapy 
after surgery. The authors also found a correla-
tion with serum markers CA 19–9 and C-reactive 
protein (CRP) and shorter overall survival.

Metastatic renal cell carcinoma (RCC): Renal 
cell carcinoma is currently responsible for 2–3% 
of malignancies in the USA; approximately 
33–50% of patients with RCC eventually develop 
metastatic disease (Aloia et al. 2006). Metastatic 
disease to the liver affects 20–40% of patients, 
and the overwhelming majority (over 96%) are 
accompanied by widespread disease (McKay 
et  al. 2014). Patients with hepatic involvement 
have a reported median overall survival of 
7.4 months (Ballarin et al. 2011). The pilot study 
for TARE of chemorefractory renal cell carci-
noma liver metastases was carried out by 
Abdelmaksoud et  al. in 2012 (Abdelmaksoud 
et  al. 2012). Median overall survival for six 
patients was 12 months. Of the five patients who 

made it to the initial follow-up, three (60%) had a 
complete response and one (20%) had a partial 
response according to the RECIST criteria. In the 
treatment of liver metastasis from renal cell car-
cinoma, TARE is limited by the rarity of liver- 
dominant metastases and the known resistance to 
radiation.

References

Abdelmaksoud MH, Louie JD, Hwang GL et  al (2012) 
Yttrium-90 radioembolization of renal cell carcinoma 
metastatic to the liver. J Vasc Interv Radiol 23:323–330

Ackerman NB, Lien WM, Kondi ES et  al (1970) The 
blood supply of experimental liver metastases. 
I.  The distribution of hepatic artery and portal vein 
blood to “small” and “large” tumors. Surgery 66: 
1067–1072

Adam R, Delvart V, Pascal G et al (2004) Rescue surgery 
for unresectable colorectal liver metastases down-
staged by chemotherapy: a model to predict long-term 
survival. Ann Surgery 240:644–658

Adam R, Wicherts DA, de Haas RJ et al (2009) Patients 
with initially unresectable colorectal liver metas-
tases: is there a possibility of cure? J Clin Oncol 
27:1829–1835

Akinyemiju T, Abera S, Ahmed M et al (2017) The burden 
of primary liver cancer and underlying Etiologies from 
1990 to 2015 at the Global, Regional, and National 
Level: Results From the Global Burden of Disease 
Study 2015. JAMA Oncol 3:1683–1691

Al-Adra DP, Gill RS, Axford SJ et  al (2015) Treatment 
of unresectable intrahepatic cholangiocarcinoma with 
yttrium-90 radioembolization: a systematic review 
and pooled analysis. Eur J Surg Oncol 41:120–127

Alberts SR, Horvath WL, Sternfeld WC et  al (2005) 
Oxaliplatin, fluouracil and leucovorin for patients 
with unresectable liver only metastases from colorec-
tal cancer: a North Central Cancer Treatment Group 
phase II study. J Clin Oncol 23:2943–2949

Aloia TA, Adam R, Azoulay D et al (2006) Outcome fol-
lowing hepatic resection of metastatic renal tumors: 
the Paul Brousse Hospital experience. HPB (Oxford) 
8:100–105

Bakalian S, Marshall JC, Logan P et al (2008) Molecular 
pathways mediating liver metastasis in patients with 
uveal melanoma. Clin Cancer Res 14:951–956

Ballarin R, Spaggiari M, Cautero N et al (2011) Pancreatic 
metastases from renal cell carcinoma: the state of the 
art. World J Gastroenterol 17:4747–4756

Bangash AK, Atassi B, Kaklamani V et  al (2007) 90Y 
radioembolization of metastatic breast cancer to the 
liver: toxicity, imaging response, survival. J Vasc 
Interv Radiol 18:621–628

Benson AB 3rd, Geschwind JF, Mulcahy MF et al (2013) 
Radioembolisation for liver metastases: results from 

C. Mosconi and R. Golfieri



343

a prospective 151 patients multi-institutional phase II 
study. Eur J Cancer 49:3122–3130

Bester L, Meteling B, Pocock N et  al (2012) 
Radioembolization versus standard care of hepatic 
metastases: comparative retrospective cohort study 
of survival outcomes and adverse events in salvage 
patients. J Vasc Interv Radiol 23:96–105

Bilbao JI, de Martino A, de Luis E et  al (2009) 
Biocompatibility, inflammatory response, and recan-
nalization characteristics of nonradioactive resin 
microspheres: histological findings. Cardiovasc 
Intervent Radiol 32:727–736

Boehm LM, Jayakrishnan TT, Miura JT et  al (2015) 
Comparative effectiveness of hepatic artery based 
therapies for unresectable intrahepatic cholangiocarci-
noma. J Surg Oncol 11:213–220

Bolondi L, Burroughs A, Dufour J-F et  al (2013) 
Heterogeneity of patients with intermediate (BCLC 
B) hepatocellular carcinoma: proposal for a subclas-
sification to facilitate treatment decisions. Semin Liver 
Dis 32:348–359

Bridgewater J, Galle PR, Khan SA et al (2014) Guidelines 
for the diagnosis and management of intrahepatic 
cholangiocarcinoma. J Hepatol 60:1268–1289

Camacho JC, Kokabi N, Xing M et al (2014) Evaluation 
Criteria in Solid Tumors and European Association 
for the Study of the liver criteria using delayed-phase 
imaging at an early time point predict survival in 
patients with unresectable intrahepatic cholangiocar-
cinoma following yttrium-90 radioembolization. J 
Vasc Interv Radiol 25:256–265

Cao C, Yan TD, Morris DL et al (2010) Radioembolization 
with yttrium-90 microspheres for pancreatic cancer 
liver metastases: results from a pilot study. Tumori 
96:955–958

Cappelli A, Sangro P, Mosconi C et al (2019) Transarterial 
radioembolization in patients with hepatocellular car-
cinoma of intermediate B2 substage. Eur J Nucl Med 
Mol Imaging 46:661–668

Casadei Gardini A, Tamburini E, Iñarrairaegui M et  al 
(2018) Radioembolization versus chemoemboliza-
tion for unresectable hepatocellular carcinoma: a 
meta-analysis of randomized trials. Onco Targets Ther 
11:7315–7321

Chen JX, Rose S, White SB et al (2017) Embolotherapy 
for neuroendocrine tumor liver metastases: prog-
nostic factors for hepatic progression-free survival 
and overall survival. Cardiovasc Interv Radiol 
40:69–80

Cheng AL, Kang YK, Chen Z et al (2009) Efficacy and 
safety of sorafenib in patients in the Asia-Pacific region 
with advanced hepatocellular carcinoma: a phase III 
randomised, double-blind, placebo- controlled trial. 
Lancet Oncol 10:25–34

Chiesa C, Maccauro M, Romito R et al (2011) Need, fea-
sibility and convenience of dosimetric treatment plan-
ning in liver selective internal radiation therapy with 
(90)Y microspheres: the experience of the National 
Tumor Institute of Milan. Q J Nucl Med Mol Imaging 
55:168–197

Chou FF, Sheen-Chen SM, Chen YS et  al (1997) 
Surgical treatment of cholangiocarcinoma. Hepato- 
Gastroenterology 44:760–765

Chou FF, Nathan H, Pawlik TM, Wolfgang CL et al (2007) 
Trends in survival after surgery for cholangiocarci-
noma: a 30-year population-based SEER Database 
analysis. J Gastrointest Surg 11:1488–1496

Chow PKH, Gandhi M, Tan SB et al (2018) SIRveNIB: 
selective internal radiation therapy versus sorafenib in 
Asia-Pacific patients with hepatocellular carcinoma. J 
Clin Oncol 36:1913–1921

Cianni R, Pelle G, Notarianni E et  al (2013) 
Radioembolisation with (90)Y-labelled resin micro-
spheres in the treatment of liver metastasis from breast 
cancer. Eur Radiol 23:182–189

Coldwell DM, Kennedy AS, Nutting CW (2007) Use of 
yttrium-90 microspheres in the treatment of unre-
sectable hepatic metastases from breast cancer. Int J 
Radiat Oncol Biol Phys 69:800–804

Coldwell D, Sangro B, Wasan H et  al (2011) General 
selection criteria of patients for radioembolization of 
liver tumors: an international working group report. 
Am J Clin Oncol 34:337–341

Cosimelli M, Golfieri R, Cagol PP et  al (2010) Multi- 
center phase II clinical trial of yttrium-90 resin 
microspheres alone in unresectable, chemotherapy 
refractory colorectal liver metastases. Br J Cancer 
103:324–331

Cosin O, Bilbao JI, Alvarez S et  al (2007) Right gas-
tric artery embolization prior to treatment with 
yttrium-90 microspheres. Cardiovasc Intervent 
Radiol 30:98–103

Cucchetti A, Cappelli A, Mosconi C et  al (2017) 
Improving patient selection for selective internal radi-
ation therapy of intra-hepatic cholangiocarcinoma: a 
meta-regression study. Liver Int 37:1056–1064

Cunningham D, Chau I, Stocken DD et al (2009) Phase III 
randomized comparison of gemcitabine versus gem-
citabine plus capecitabine in patients with advanced 
pancreatic cancer. J Clin Oncol 27:5513–5518

Delaunoit T, Alberts SR, Sargent DJ et  al (2005) 
Chemotherapy permits resection of metastatic 
colorectal cancer: experience from Intergroup N9741. 
Ann Oncol 16:425–429

Edeline J, Du FL, Rayar M et  al (2015) Glass micro-
spheres 90Y selective internal radiation therapy and 
chemotherapy as first-line treatment of intrahepatic 
cholangiocarcinoma. Clin Nucl Med 40:851–855

El Fouly A, Ertle J, El Dorry A et al (2015) In interme-
diate stage hepatocellular carcinoma: radioemboliza-
tion with yttrium 90 or chemoembolization? Liver Int 
35:627–635

Elf A-K, Andersson M, Henrikson O et  al (2018) 
Radioembolization versus bland embolization for 
hepatic metastases from small intestinal neuroendo-
crine tumors: short-term results of a randomized clini-
cal trial. World J Surg 42:506–513

European Association for the Study of the Liver (2018) 
EASL clinical practice guidelines: management of 
hepatocellular carcinoma. J Hepatol 69:182–236

Transarterial 90Yttrium Radioembolisation



344

Facciorusso A, Serviddio G, Muscatiello N (2016) 
Transarterial radioembolization vs chemoemboliza-
tion for hepatocarcinoma patients: a systematic review 
and meta-analysis. World J Hepatol 8:770–778

Fidelman N, Kerlan RK, Hawkins RA et  al (2016) 
Radioembolization with 90Y glass microspheres for 
the treatment of unresectable metastatic liver dis-
ease from chemotherapy- refractory gastrointestinal 
cancers: final report of a prospective pilot study. J 
Gastrointest Oncol 7:860–874

Forner A, Reig M, Bruix J (2018) Hepatocellular carci-
noma. Lancet 391:1301–1314

Frilling A, Clift AK, Braat AJAT et  al (2019) 
Radioembolisation with 90Y microspheres for neu-
roendocrine liver metastases: an institutional case 
series, systematic review and meta-analysis. HPB 
(Oxford) 21(7):773–783. https://doi.org/10.1016/j.
hpb.2018.12.014

Gaba RC, Lewandowski RJ, Kulik LM et  al (2009) 
Radiation lobectomy: preliminary findings of hepatic 
volumetric response to lobar yttrium-90 radioemboli-
zation. Ann Surg Oncol 16:1587–1596

Garin E, Rolland Y, Boucher E et al (2010) First experi-
ence of hepatic radioembolization using microspheres 
labelled with yttrium-90 (TheraSphere): practical 
aspects concerning its implementation. Eur J Nucl 
Med Mol Imaging 37:453–461

Ghaneh P, Kawesha A, Evans JD et al (2002) Molecular 
prognostic markers in pancreatic cancer. J Hepato- 
Biliary- Pancreat Surg 9:1–11

Golfieri R, Cappelli A, Cucchetti A et al (2011) Efficacy 
of selective transarterial chemoembolization in induc-
ing tumor necrosis in small (<5 cm) hepatocellular 
carcinomas. Hepatology 53:1580–1589

Golfieri R, Renzulli M, Mosconi C et  al (2013) 
Hepatocellular carcinoma responding to superselec-
tive transarterial chemoembolization: an issue of nod-
ule dimension? J Vasc Interv Radiol 24:509–517

Golfieri R, Mosconi C, Cappelli A et al (2015a) Efficacy 
of radioembolization according to tumor morphology 
and portal vein thrombosis in intermediate-advanced 
hepatocellular carcinoma. Future Oncol 11:3133–3142

Golfieri R, Mosconi C, Giampalma E et  al (2015b) 
Selective transarterial radioembolization of unresect-
able liverdominant colorectal cancer refractory to che-
motherapy. Radiol Med 120:767–776

Golfieri R, Bargellini I, Spreafico C et al (2019) Patients 
with Barcelona clinic liver cancer Stages B and C 
hepatocellular carcinoma: time for a subclassification. 
Liver Cancer 8:78–91

Gonsalves CF, Eschelman DJ, Sullivan KL et  al (2011) 
Radioembolization as salvage therapy for hepatic 
metastasis of uveal melanoma: a single-institution 
experience. AJR Am J Roentgenol 196:468–473

Gordon AC, Gabr A, Riaz A et  al (2018) 
Radioembolization super survivors: extended 
survival in non-operative hepatocellular carcinoma. 
Cardiovasc Interv Radiol 41:1557–1565

Gray B, Van Hazel G, Hope M et al (2001) Randomised 
trial of SIR-spheres plus chemotherapy vs. chemo-

therapy alone for treating patients with liver metas-
tases from primary large bowel cancer. Ann Oncol 
12:1711–1720

Grothey A, Sargent D, Goldberg RM et al (2004) Survival 
of patients with advanced colorectal cancer improves 
with the availability of fluorouracilleucovorin, irinote-
can and oxaliplatin in the course of treatment. J Clin 
Oncol 22:1209–1214

Gulec SA, Mesoloras G, Stabin M (2006) Dosimetric 
techniques in 90Y-microsphere therapy of liver can-
cer: the MIRD equations for dose calculations. J Nucl 
Med 47:1209–1211

Hamami ME, Poeppel TD, Muller S et al (2009) SPECT/
CT with 99mTC-MAA in radioembolization with 90y 
microspheres in patients with hepatocellular cancer. J 
Nucl Med 50:688–692

Hoffmann RT, Paprottka PM, Schön A et  al (2012) 
Transarterial hepatic yttrium-90 radioembolization in 
patients with unresectable intrahepatic cholangiocar-
cinoma: factors associated with prolonged survival. 
Cardiovasc Intervent Radiol 35:105–116

Iavarone M, Cabibbo G, Piscaglia F et  al (2011) Field- 
practice study of sorafenib therapy for hepatocellular 
carcinoma: a prospective multicenter study in Italy. 
Hepatology 54:2055–2063

Ibrahim SM, Mulcahy MF, Lewandowski RJ et al (2008) 
Treatment of unresectable cholangiocarcinoma using 
yttrium-90 microspheres: results from a pilot study. 
Cancer 113:2119–2128

Jakobs TF, Saleem S, Atassi B et al (2008) Fibrosis, por-
tal hypertension, and hepatic volume changes induced 
by intraarterial radiotherapy with (90)Yttrium micro-
spheres. Dig Dis Sci 53:2556–2563

Jemal A, Thomas A, Murray T et al (2002) Cancer statis-
tics, 2002. CA Cancer J Clin 52:23–47

Kennedy A, Nag S, Salem R et al (2007) Recommendations 
for radioembolization of hepatic malignancies using 
yttrium-90 microsphere brachytherapy: a con-
sensus panel report from the Radioembolization 
Brachytherapy Oncology Consortium (REBOC). Int 
J Radiat Oncol Biol Phys 68:13–23

Kennedy A, Coldwell D, Sangro B et  al (2012) 
Radioembolization for the treatment of liver tumors 
general principles. Am J Clin Oncol 35:91–99

Kim JH, Won HJ, Shin YM et al (2011) Radiofrequency 
ablation for the treatment of primary intrahe-
patic cholangiocarcinoma. AJR Am J Roentgenol 
196:W205–W209

Kim DY, Ryu HJ, Choi JY et  al (2012) Radiological 
response predicts survival following transarterial 
chemoembolisation in patients with unresectable 
hepatocellular carcinoma. Aliment Pharmacol Ther 
35:1343–1350

Kim HS, Shaib WL, Zhang C et  al (2018) Phase 1b 
study of pasireotide, everolimus, and selective inter-
nal radioembolization therapy for unresectable neu-
roendocrine tumors with hepatic metastases. Cancer 
124:1992–2000

Kokudo T, Hasegawa K, Matsuyama Y et  al (2016) 
Survival benefit of liver resection for hepatocellu-

C. Mosconi and R. Golfieri

https://doi.org/10.1016/j.hpb.2018.12.014
https://doi.org/10.1016/j.hpb.2018.12.014


345

lar carcinoma associated with portal vein invasion. J 
Hepatol 65:938–943

Kulik LM, Carr BI, Mulcahy MF et  al (2008) Safety 
and efficacy of 90Y radiotherapy for hepatocellular 
carcinoma with and without portal vein thrombosis. 
Hepatology 47:71–81

Lance C, McLennan G, Obuchowski N et  al (2011) 
Comparative analysis of the safety and efficacy 
of transcatheter arterial chemoembolization and 
yttrium-90 radioembolization in patients with unre-
sectable hepatocellular carcinoma. J Vasc Interv 
Radiol 22:1697–1705

Leung TW, Lau WY, Ho SK et al (1995) Radiation pneu-
monitis after selective internal radiation treatment 
with intraarterial 90yttrium-microspheres for inop-
erable hepatic tumors. Int J Radiat Oncol Biol Phys 
33:919–924

Lewandowski RJ, Kulik LM, Riaz A et al (2009) A com-
parative analysis of transarterial downstaging for 
hepatocellular carcinoma: chemoembolization versus 
radioembolization. Am J Transplant 9:1920–1928

Llovet JM, Bruix J (2003) Systematic review of random-
ized trials for unresectable hepatocellular carcinoma: 
chemoembolization improves survival. Hepatology 
37:429–442

Llovet JM, Finn RS (2018) Negative phase 3 study of 
(90)Y microspheres versus sorafenib in HCC. Lancet 
Oncol 19:e69

Llovet JM, Ricci S, Mazzaferro V et al (2008) Sorafenib 
in advanced hepatocellular carcinoma. N Engl J Med 
359:378–390

Lobo L, Yakoub D, Picado O et  al (2016) Unresectable 
hepatocellular carcinoma: radioembolization versus 
chemoembolization: a systematic review and meta- 
analysis. Cardiovasc Interv Radiol 39:1580–1588

Ludwig JM, Ambinder EM, Ghodadra A et al (2016) Lung 
shunt fraction prior to yttrium-90 radioembolization 
predicts survival in patients with neuroendocrine 
liver metastases: single- center prospective analysis. 
Cardiovasc Interv Radiol 39:1007–1014

Maawy AA, Rose SC, Clary B (2016) Use of yttrium-90 
radioembolization for management of colorec-
tal liver metastases. Curr Colorectal Cancer Rep 
12:226–231

Mackie S, de Silva S, Aslan P et al (2011) Super selec-
tive radio embolization of the porcine kidney with 
90yttrium resin microspheres: a feasibility, safety and 
dose ranging study. J Urol 185:285–290

Markovic SN, Erickson LA, Rao RD et  al (2007) 
Malignant melanoma in the 21st century, part 1: epi-
demiology, risk factors, screening, prevention, and 
diagnosis. Mayo Clin Proc 82:364–380

Mazzaferro V, Sposito C, Bhoori S et al (2013) Yttrium-90 
radioembolization for intermediate-advanced hepa-
tocellular carcinoma: a phase 2 study. Hepatology 
57:1826–1837

McKay RR, Kroeger N, Xie W et  al (2014) Impact of 
bone and liver metastases on patients with renal cell 
carcinoma treated with targeted therapy. Eur Urol 
65:577–584

Memon K, Lewandowski RJ, Kulik L et  al (2011) 
Radioembolization for primary and metastatic liver 
cancer. Semin Radiat Oncol 21:294–302

Memon K, Lewandowski RJ, Mulcahy MF et  al (2012) 
Radioembolization for neuroendocrine liver metasta-
ses: safety, imaging, and long-term outcomes. Int J 
Radiat Oncol 83:887–894

Memon K, Kulik L, Lewandowski RJ et  al (2013) 
Radioembolization for hepatocellular carcinoma with 
portal vein thrombosis: impact of liver function on 
systemic treatment options at disease progression. J 
Hepatol 58:73–80

Michl M, Haug AR, Jakobs TF et  al (2014) 
Radioembolization with yttrium-90 microspheres 
(SIRT) in pancreatic cancer patients with liver 
 metastases: efficacy, safety and prognostic factors. 
Oncology 86:24–32

Moreno-Luna LE, Yang JD, Sanchez W et  al (2013) 
Efficacy and safety of transarterial radioemboliza-
tion versus chemoembolization in patients with hepa-
tocellular carcinoma. Cardiovasc Intervent Radiol 
36:714–723

Mosconi C, Gramenzi A, Ascanio S et  al (2016) 
Yttrium-90 radioembolization for unresectable/recur-
rent intrahepatic cholangiocarcinoma: a survival, effi-
cacy and safety study. Br J Cancer 115:297–302

Mosconi C, Cucchetti A, Pettinato C et  al (2018) 
Validation of response to yttrium-90 radioemboliza-
tion for hepatocellular carcinoma with portal vein 
invasion. J Hepatol 69:259–260

Mouli S, Memon K, Baker T et  al (2013) Yttrium-90 
radioembolization for intrahepatic cholangiocarci-
noma: safety, response, and survival analysis. J Vasc 
Interv Radiol 24:1227–1234

National Cancer Institute. Surveillance, Epidemiology, 
and End Results Program. Cancer Statistics. National 
Cancer Institute. Surveillance, Epidemiology, and 
End Results Program (updated 2016). Available from: 
http://seer.cancer.gov/statfacts/html/colorect.html

Okuda K, Ohnishi K, Kimura K et  al (1985) Incidence 
of portal vein thrombosis in liver cirrhosis. An angi-
ographic study in 708 patients. Gastroenterology 
89:279–286

Purushotham A, Shamil E, Cariati M et  al (2014) Age 
at diagnosis and distant metastasis in breast can-
cer—a surprising inverse relationship. Eur J Cancer 
50:1697–1705

Rafi S, Piduru SM, El-Rayes B et  al (2013) Yttrium-90 
radioembolization for unresectable standard- 
chemorefractory intrahepatic cholangiocarcinoma: 
survival, efficacy, and safety study. Cardiovasc 
Intervent Radiol 36:440–448

Riaz A, Kulik L, Lewandowski RJ et  al (2009a) 
Radiologic–pathologic correlation of hepatocellu-
lar carcinoma treated with internal radiation using 
yttrium–90 microspheres. Hepatology 49:1185–1193

Riaz A, Lewandowski RJ, Kulik LM et  al (2009b) 
Complications following radioembolization with 
yttrium-90 microspheres: a comprehensive literature 
review. J Vasc Interv Radiol 20:1121–1130

Transarterial 90Yttrium Radioembolisation

http://seer.cancer.gov/statfacts/html/colorect.html


346

Roayaie S, Guarrera JV, Ye MQ et al (1998) Aggressive 
surgical treatment of intrahepatic cholangiocarcinoma: 
predictors of outcomes. J Am Coll Surg 187:365–372

Rognoni C, Ciani O, Sommariva S et  al (2016) Trans- 
arterial radioembolization in intermediate-advanced 
hepatocellular carcinoma: systematic review and 
meta-analyses. Oncotarget 7:72343–72355

Ruers T, Van Coevorden F, Punt CJ et  al (2017) Local 
treatment of Unresectable colorectal liver metastases: 
results of randomized phase II trial. J Natl Cancer Inst 
109(9):djx015. https://doi.org/10.1093/jnci/djx015

Salem R, Lewandowski R, Roberts C et al (2004) A. use 
of yttrium-90 glass microspheres (TheraSphere) for 
the treatment of unresectable hepatocellular carci-
noma in patients with portal vein thrombosis. J Vasc 
Interv Radiol 15:335–345

Salem R, Lewandowski RJ, Mulcahy MF et  al (2010) 
Radioembolization for hepatocellular carcinoma using 
yttrium-90 microspheres: a comprehensive report of 
long-term outcomes. Gastroenterology 138:52–64

Salem R, Lewandowski RJ, Kulik L et  al (2011) 
Radioembolization results in longer time-to- 
progression and reduced toxicity compared with 
chemoembolization in patients with hepatocellular 
carcinoma. Gastroenterology 140:497–507

Salem R, Gordon AC, Mouli S et  al (2016) Y90 radio-
embolization significantly prolongs time to progres-
sion compared with chemoembolization in patients 
with hepatocellular carcinoma. Gastroenterology 
151:1155–1163

Sangro B, Gil-Alzugaray B, Rodriguez J et  al (2008) 
Liver disease induced by radioembolization of liver 
tumors: description and possible risk factors. Cancer 
112:1538–1546

Sangro B, Carpanese L, Cianni R et al (2011) Network on 
radioembolization with yttrium-90 resin microspheres 
(ENRY). Survival after yttrium-90 resin microsphere 
radioembolization of hepatocellular carcinoma across 
Barcelona clinic liver cancer stages: a European evalu-
ation. Hepatology 54:868–878

Sangro B, Iñarrairaegui M, Bilbao JI (2012) 
Radioembolization for hepatocellular carcinoma. J 
Hepatol 56:464–473. http://www.ncbi.nlm.nih.gov/
pubmed/21816126

Saxena A, Bester L, Chua TC et  al (2010a) Yttrium-90 
radiotherapy for unresectable intrahepatic chol-
angiocarcinoma: a preliminary assessment of 
this novel treatment option. Ann Surg Oncol 17: 
484–491

Saxena A, Chua TC, Bester L et al (2010b) Factors pre-
dicting response and survival after yttrium-90 radio-
embolization of unresectable neuroendocrine tumor 
liver metastases. Ann Surg 251:910–916

Saxena A, Bester L, Shan L et  al (2014) A system-
atic review on the safety and efficacy of yttrium-90 
radioembolization for unresectable, chemorefractory 
colorectal cancer liver metastases. J Cancer Res Clin 
Oncol 140:537–547

Schelhorn J, Best J, Reinboldt MP et  al (2015) Does 
diffusion- weighted imaging improve therapy response 

evaluation in patients with hepatocellular carcinoma 
after radioembolization? Comparison of MRI using 
Gd-EOB-DTPA with and without DWI. J Magn Reson 
Imaging 42:818–827

Schindl M, Gruenberger T, Längle F (2002) Current 
strategies in the treatment of colorectal cancer liver 
metastases: aspects of surgical treatment. Eu Surg 
34:332–336

Seidensticker R, Denecke T, Kraus P et  al (2012) 
Matched-pair comparison of radioembolization 
plus best supportive care versus best supportive care 
alone for chemotherapy refractory liver-dominant 
colorectal metastases. Cardiovasc Intervent Radiol 
35:1066–1073

Siegel R, Ma J, Zou Z et al (2014) Cancer statistics, 2014. 
CA Cancer J Clin 64:9–29

Sirtex Medical Limited. Sirtex medical training man-
ual, training program physicians and institutions. 
Australia. Available at: http://www.sirtex.com/usa/_
data/page/549/TRN-US-0320for20US1.pdf. Accessed 
October 16, 2007

Sofocleous CT, Violari EG, Sotirchos VS et  al (2015) 
Radioembolization as a salvage therapy for heavily 
pretreated patients with colorectal cancer liver metas-
tases: factors that affect outcomes. Clin Colorectal 
Cancer 14:296–305

Sposito C, Mazzaferro V (2018) The SIRveNIB and 
SARAH trials, radioembolization vs. sorafenib in 
advanced HCC patients: reasons for a failure, and 
perspectives for the future. HepatoBiliary Surg Nutr 
7:487–489

Spreafico C, Sposito C, Vaiani M et al (2018) Development 
of a prognostic score to predict response to yttrium-90 
radioembolization for hepatocellular carcinoma with 
portal vein invasion. J Hepatol 68:724–732

Strigari L, Sciuto R, Rea S et al (2010) Efficacy and tox-
icity related to treatment of hepatocellular carcinoma 
with 90Y-SIR spheres: radiobiologic considerations. J 
Nucl Med 51:1377–1385

Takayasu K, Arii S, Kudo M et al (2012) Superselective 
transarterial chemoembolization for hepatocellular 
carcinoma: validation of treatment algorithm proposed 
by Japanese guidelines. J Hepatol 56:886–892

Tie J, Yip D, Dowling R et al (2010) Radioembolization 
and systemic chemotherapy in patients with hepatic 
metastases from primary colorectal cancer. Ann Oncol 
21:Abs.698

Townsend AR, Chong LC, Karapetis C et  al (2016) 
Selective internal radiation therapy for liver metas-
tases from colorectal cancer. Cancer Treat Rev 50: 
148–154

Valle J, Wasan H, Palmer DH et  al (2010) ABC-02 
Trial Investigators. Cisplatin plus gemcitabine vs. 
gemcitabine for biliary tract cancer. N Engl J Med 
362:1273–1281

Van Hazel G, Blackwell A, Anderson J et  al (2004) 
Randomised phase 2 trial of SIR-spheres plus fluoro-
uracil/leucovorin chemotherapy versus fluorouracil/
leucovorin chemotherapy alone in advanced colorectal 
cancer. J Surg Oncol 88:78–85

C. Mosconi and R. Golfieri

https://doi.org/10.1093/jnci/djx015
http://www.ncbi.nlm.nih.gov/pubmed/21816126
http://www.ncbi.nlm.nih.gov/pubmed/21816126
http://www.sirtex.com/usa/_data/page/549/TRN-US-0320for20US1.pdf
http://www.sirtex.com/usa/_data/page/549/TRN-US-0320for20US1.pdf


347

Vilgrain V, Pereira H, Assenat E et al (2017) Efficacy and 
safety of selective internal radiotherapy with yttrium-90 
resin microspheres compared with Sorafenib in Locally 
Advanced and Inoperable Hepatocellular Carcinoma 
(SARAH): an open-label randomised controlled Phase 
3 Trial. Lancet Oncol 18:1624–1636

Wasan HS, Gibbs P, Sharma NK et  al (2017) First-line 
selective internal radiotherapy plus chemotherapy ver-
sus chemotherapy alone in patients with liver metas-
tases from colorectal cancer (FOXFIRE, SIRFLOX, 
and FOXFIRE-Global): a combined analysis of three 
multicentre, randomised, phase 3 trials. Lancet Oncol 
18:1159–1171

Wright CL, Werner JD, Tran JM et  al (2012) Radiation 
pneumonitis following yttrium90 radioembolization: 
case report and literature review. J Vasc Interv Radiol 
23:669–674

Yang JD, Kim B, Sanderson SO et al (2012) Biliary tract 
cancers in Olmsted County, Minnesota, 1976–2008. 
Am J Gastroenterol 107:1256–1262

Zacharias AJ, Jayakrishnan TT, Rajeev R et  al (2015) 
Comparative effectiveness of hepatic artery based 
therapies for unresectable colorectal liver metastases: 
a meta-analysis. PLoS One 10:e0139940

Transarterial 90Yttrium Radioembolisation



349© Springer Nature Switzerland AG 2021 
E. Quaia (ed.), Imaging of the Liver and Intra-hepatic Biliary Tract,
Medical Radiology Diagnostic Imaging, https://doi.org/10.1007/978-3-030-39021-1_15

Imaging of Treated Liver Tumors 
and Assessment of Tumor 
Response to Cytostatic Therapy 
and Post-Treatment Changes 
in the Liver

Silvia Brocco, Anna Sara Fraia, Anna Florio, 
and Emilio Quaia

Contents
1     Choice of Tumor Treatment and Response Evaluation Criteria  349

2     Imaging Post Percutaneous Ablation Therapies  352
2.1  CT Findings  352
2.2  MRI Findings  356
2.3  CEUS  359
2.4  Complications  360

3     Imaging Post TACE  360

4     Imaging Post Systemic Therapy  364
4.1  Imaging Findings  366

 References  369

Abstract
Liver represents a common site of metastatic 
spread of epithelial cancers, especially from 
the gastrointestinal tract, breast and lung, and 
a focus of primary hepatic tumors, including 
hepatocellular carcinoma (HCC), cholangio-
carcinoma, and rare tumors such as angiosar-
coma or hemangioendothelioma. Nowadays, 
the treatment of primary or metastatic liver 
lesions may count on a variety of therapeutic 
alternatives to surgery, such as new anticancer 
drugs and interventional-radiological proce-

dures for tumor ablation. Imaging assessment 
remains the milestone to evaluate the tumor 
response to any kind of therapy, but these new 
locoregional treatments can lead to change in 
imaging that makes very challenging to iden-
tify residual or recurrent disease.

1  Choice of Tumor Treatment 
and Response Evaluation 
Criteria

A wide range of percutaneous ablation tech-
niques is available to treat both primary liver 
tumors and hepatic metastases. The choice of the 
most suitable therapeutic procedure for each 
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patient often considers not only the features of 
the tumor but also the performance status of the 
patient and the liver function.

Percutaneous ablation of liver  metastases is 
applied to patients who cannot undergo surgical 
resection and is much more effective for lesions 
smaller than 3  cm, in particular, if they are 
 solitary  lesions. In this case, outcomes can be 
compared with surgical resection (Kim et  al. 
2011).

Hepatocellular carcinoma (HCC) has an even 
more complex therapeutic approach. According 
to EASL guidelines on the treatment of HCC, 
patients are stratified in several stages following 
BCLC classification. This classification povides 
a prognostic indication and is focused to guide 
the treatment for each stage. The different stages 
include the features of the tumor, the number of 
HCC  nodules and their size, their intra- and 
extrahepatic vascular spread and presence of vas-
cular invasion, the liver function that is assessed 
by Child-Pugh score and the presence of general 
symptoms related to a neoplastic disease affect-
ing the patient’s performance status (Fig.  1a) 
(Galle et al. 2018).

A correct evaluation of therapy efficacy and 
consequently of post-therapeutic changes in 
tumor viability and vascularization is mandatory 
to guide the correct management of the patients 
(Memon et al. 2011). Usually, in clinical practice, 
the criteria used to determine tumor response to 
therapy are based on the size of treated nodules. 
These imaging criteria (WHO criteria, RECIST 
1.0, and RECIST 1.1) are applicable le to describe 
tumor response to cytotoxic chemotherapies 
(Lencioni and Llovet 2010).

Instead, locoregional therapies, creating areas 
of necrosis and hemorrhage, may confer stability 
to tumor size or even a size increase after therapy. 
This peculiar feature limits the role of criteria 
based only on the size of the tumor to assess ther-
apy response (Atassi et  al. 2008; Horger et  al. 
2009). Thus, in liver treated with percutaneous 
techniques, it is fundamental to use other charac-
teristics of the treated lesion together with the 
standard measurement guidelines based on size 
(Forner et al. 2009). This is true also for molecu-
lar targeted systemic therapies. These therapies 

affect tumor angiogenesis or cell signaling lead-
ing to apoptosis and cell death that can vary the 
morphology of the tumor but not its size.

For this reason, quantitative and functional 
criteria that are specific for tumor type and ther-
apy have been developed. In 2000 and 2010 
respectively EASL criteria, and a modified 
RECIST (mRECIST) system for liver tumors 
treated with locoregional therapies were pro-
posed (Lencioni and Llovet 2010). EASL criteria 
consider not the size of the whole treated lesion 
but only the residual viable tissue that is repre-
sented by the tissue that enhances during the arte-
rial phase in a treated HCC. This system gives a 
bidimensional measurement of the viable tumor 
considering the two longest diameters of the 
enhancing area.

mRECIST system gives unidimensional mea-
surement considering the longest diameter of the 
enhancing part of HCC (Lencioni and Llovet 
2010). In both systems, the viable tissue of a 
treated HCC is assessed in the arterial phase 
on  CECT or CEMRI and must be measured 
avoiding necrotic areas.

According to mRECIST for HCC complete 
response (CR) corresponds to the disappearance 
of any intratumoral arterial enhancement in all 
target lesions; partial response (PR) corresponds 
to at least a 30% decrease in the sum of diameters 
of viable (contrast enhancement in the arterial 
phase) target lesions, taking as reference the 
baseline sum of the diameters of target lesions; 
progressive disease (PD) corresponds to increase 
of at least 20% in the sum of the diameters of 
viable (enhancing) target lesions, taking as refer-
ence the smallest sum of the diameters of viable 
(enhancing) target lesions recorded since the 
treatment started, or newly detected hepatic 
nodule(s) with longest diameter ≥1 cm and typi-
cal vascular pattern of HCC on dynamic imaging 
(hypervascularization in the arterial phase with 
washout in the portal venous or late venous phase) 
or liver lesions >1 cm that do not show a typical 
vascular pattern but with evidence of at least 
1-cm-interval growth in subsequent scans; stable 
disease (SD) corresponds to any cases that do not 
qualify for either partial response or progressive 
disease (Lencioni and Llovet 2010) (Fig. 1b).
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HCC treatment algorithm in cirrhotic liver

Prognostic
stage

Very early stage (0)
Single nodule <2 cm

Preserved liver function
PS 0

Early stage (A)
Single or 2-3 nodules

< 3 cm
Preserved liver function

PS 0

Intermediate stage (B)
multinodular
unresetable

Preserved liver function
PS 0

Advanced stage (C)
Portal invasion

Extrahepatic spread
Preserved liver function

PS 1-2

Terminals stage (D)
Non transplantable HCC
end stage liver function

PS 3-4

Solitary
2-3 nodules

≤ 3 cm

Optimal surgical
candidate

Yes No

Yes No

Treatment

Survival

Ablation Ablation ChemoembolizationResection Tranplant

>5 years >2.5 years

Systemic Therapy

≥10 months 3 months

BSC

Transplant
candidate

a

b

CR

PR

DP

Fig. 1 (a) Diagram shows  the modified BCLC staging 
system for hepatocellular carcinoma and the various treat-
ment options related to its stages. Preserved liver function 
refers to patients with Child-Pugh A and without ascites. 
Optimal surgical candidate is a patient with expected peri-
operative mortality less than 3% and mortality less than 
20% estimated on the basis of the presence of a compen-
sated Child-Pugh class A cirrhosis with MELD score less 
than 10, the grade of portal hypertension and functional 
remaining liver parenchyma after surgery and the possi-
bility to perform a mini-invasive surgical approach. 
Systemic therapy includes sorafenib as the first-line treat-
ment and regorafenib as a second-line treatment, used 
when progression under sorafenib is detected. Other non- 
first- line possibilities include lenvatinib, cabozantinib, 
nivolumab. (From Galle et  al. 2018, EASL Clinical 
Practice Guidelines: Management of hepatocellular carci-
noma). (b) Diagram showing the modified RECIST 
(mRECIST criteria). Complete response (CR): disappear-

ance of any intratumoral arterial enhancement in all target 
lesions; partial response (PR): at least a 30% decrease in 
the sum of diameters of viable (contrast enhancement in 
the arterial phase) target lesions, taking as reference the 
baseline sum of the diameters of target lesions; progres-
sive disease (PD): increase of at least 20% in the sum of 
the diameters of viable (enhancing) target lesions, taking 
as reference the smallest sum of the diameters of viable 
(enhancing) target lesions recorded since the treatment 
started, or newly detected hepatic nodule(s) with longest 
diameter ≥ 1 cm and typical vascular pattern of HCC on 
dynamic imaging (hypervascularization in the arterial 
phase with washout in the portal venous or late venous 
phase) or liver lesions >1 cm that do not show a typical 
vascular pattern but with evidence of at least 1-cm- interval 
growth in subsequent scans; stable disease (SD): any 
cases that do not qualify for either partial response or pro-
gressive disease
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Another classification, RECICL (Response 
Evaluation Criteria in Cancer of the Liver) has 
been proposed by the Liver Cancer Study Group 
of Japan to evaluate the response of HCC after 
locoregional therapies and molecular-targeted 
therapies. It considers the areas of tumor necrosis 
incorporating the ablation margins, suggests a 
correct timing for evaluation for every treatment 
strategy, and includes evaluation of tumor mark-
ers to assess the prognosis (Kudo et al. 2010).

Similarly to the modified Response Evaluation 
Criteria in Solid Tumors (mRECIST), the Liver 
Imaging Reporting and Data System Treatment 
Response (LR-TR) algorithm clarify tumor status 
at the level of individual lesions (American 
College of Radiology 2017; Elsayes et al. 2017). 
These lesions are categorized as LR-TR Nonviable, 
Equivocal, or Viable according to their imaging 
features. The LR-TR algorithm presents high pre-
dictive value for the viability of treated HCC. HCC 
nodule(s) may be assessed as viable—lesions with 
nodular, mass-like, or irregular thick enhancing 
viable  tissue showing  arterial phase hyperen-
hancement, portal venous or later phase washout, 
and/or enhancement similar to that before emboli-
zation—or nonviable—no intra lesional enhance-
ment or treatment-specific expected enhancement 
pattern. However, LR-TR algorithm shows clear 
limitations since a substantial proportion of embo-
lized lesions could not be definitively character-
ized and fall into the LR-TR equivocal 
category—lesions with indeterminate enhance-
ment and which do not meet criteria for being 
probably or definitely viable (Shropshire et  al. 
2019) or those lesions which were incompletely 
necrotic at the histopathologic examination.

2  Imaging Post Percutaneous 
Ablation Therapies

Percutaneous ablation therapies induce in the 
treated liver parenchyma a region of coagulative 
necrosis that is called the ablation zone. This area 
must be at least 5–10 mm larger than the original 
tumor size, thus allowing the ablation of small 
satellite nodules and reducing the risk of tumor 
progression or relapse. The shape of the ablated 

zone can vary depending on the choice of the 
thermal or non thermal ablation technique and on 
the number of applicators used. It can appear 
round, oval, or rectangular.

In the peri-ablative and post-ablative period, a 
series of changes must be expected in the treated 
zone. These changes must be known to perform a 
correct evaluation of the tumor treatment 
response (Lee et al. 2016).

In the immediate  post-ablation  time, around 
the ablation area appears a zone of hyperemia 
because tissue injury evokes an inflammatory 
reaction that is evident in the first 3–6  months 
post-ablation and then progressively decreases 
during the first year (Dromain et al. 2002).

Follow up post-ablation imaging (CECT or 
CEMRI)  is usually performed at 1, 3, 6, 9, and 
12 months after the procedure (Lee et al. 2016; 
Kudo et  al. 2010)  considered the follow-up at 
3 months the most suitable for the response eval-
uation when treatment does not need to be 
repeated.

CECT and CEMRI represent the most useful 
modalities for the assessment of treatment effi-
cacy. The most important criterion to assess this 
efficacy is the absence of enhancement in the 
area of induced necrosis during the hepatic arte-
rial phase, which corresponds to the absence of 
viable tumor. Some authors described a correla-
tion between the size of the non-enhancing region 
depicted on CT and MR images and the size of 
coagulative necrosis measured at histologic 
examination within a range of 2  mm (Solbiati 
et al. 1997; Goldberg et al. 2000).

2.1  CT Findings

Immediately after the procedure, on unenhanced 
CT the ablated zone appears heterogeneously 
hypodense. This heterogenicity is due to hyper-
dense material representing hemorrhagic and 
fresh coagulative necrosis and carbonization 
products, whose presence is normally in small 
amount (Fig.  2). Over time the treated area 
becomes uniformly hypodense (Lee et al. 2016).

The inflammatory reaction and the presence 
of granulation tissue appear as a uniform, periph-

S. Brocco et al.



353

eral enhancement in the arterial phase and mea-
sure usually less than 1 mm.

In the immediate post-ablation period, this 
peripheral enhancement may sometimes be 
thicker and irregular. However, it must always be 
less than 5  mm and its persistence on portal 
venous phase imaging is fundamental. Its thick-

ness must also decrease and disappear with time 
(Goldberg et  al. 2000; Livraghi et  al. 1997). 
Yaghmai et al. described this rim in 89% of cases 
at 1  month, 56% at 1–3  months, and 22% at 
3–6 months (Yaghmai et al. 2011) (Figs. 3 and 4).

These features can create confusion because 
of the overlap with disease progression repre-

a b

Fig. 2 60 years old man with cirrhosis (a, b). Immediately 
after the procedure, on unenhanced CT (a) the ablated 
zone appears heterogeneously hypodense and centrally 
hyperdense. This heterogenicity is due to hyperdense 

material representing hemorrhagic and fresh coagulative 
necrosis and carbonization products. Over time (b) the 
treated area becomes uniformly hypodense

a b

Fig. 3 62  years old man with cirrhosis. Complete 
response after thermal ablation in a patient with HCC. (a, 
b) CT scan on arterial phase before thermal ablation (a) 
and 30  days after microwave ablation (b). Hypodense 

treated area is evident (white arrow). These findings are 
consistent with complete response according to mRE-
CIST criteria
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sented by residual unablated tumor or local tumor 
progression.

These two disease progression patterns must 
be distinguished because they have different 
treatments. Residual unablated tumor is a tumor 
not treated during the ablating session that 
remains along the ablation margins. Local tumor 
progression is represented by tumor arising 
from the periphery of an ablation zone in an area 
previously without viable tissue (Ahmed et  al. 
2014).

Residual unablated tumor usually is treated 
with a new ablation, while in local tumor progres-
sion other  alternative therapies  should be 
considered.

Unablated tumor or tumor progression mani-
fest as a thick peripheral enhancement usually 

>5 mm, nodular and eccentric enhancing on arte-
rial phase with or without wash-out on the portal 
or delayed phase (Figs. 5, 6, 7, and 8). The timing 
of visualization of these two different types  of 
tumoral persistence is different (Smith and 
Gillams 2008; Brennan and Ahmed 2013). The 
first follow-up scan can show the residual unab-
lated tumor that is always present at this time. 
Sometimes it cannot be recognized due to paren-
chymal changes peripheral to the ablation area 
and can be seen only observing retrospectively 
the follow-up scans. In particular,  thick nodular 
enhancement that persists in time indicates unab-
lated tumor.

Local tumor progression has similar features 
but is evidenced later in the follow-up, along the 
ablation margin and in a zone that previously 

a

c

b

Fig. 4 55  years old man with cirrhosis. Complete 
response after thermal ablation in a patient with HCC. (a) 
CT scan on arterial phase before thermal ablation (a), 
30 days and 6 months (c) after microwave thermal abla-

tion (b). Hypodense treated area is evident (white arrow) 
with progressive shrinkage 6  months after treatment. 
These findings are consistent with complete response 
according to mRECIST criteria
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demonstrated an absence of viable tissue (Lee 
et  al. 2016). Specific  attention must be paid to 
those ablated zones located near a blood vessel 
that is larger than 3 mm in diameter. It is common 
to visualize residual disease in this area due to an 

incomplete ablation linked to the phenomenon 
resulting from a “heat sink” effect (Lu et  al. 
2003). Tumoral seeding along the needle track is 
rare (Fig. 7). In a large metanalysis, it occurs only 
in 0.2% of cases (Mulier et al. 2002).

a b

c

Fig. 5 (a–c) 70 years old man with cirrhosis and small 
HCC. Disease progression after thermal ablation. (a) CT 
scan on hepatic arterial phase before thermal ablation (a), 
30  days (b) and 6  months (c) after microwave thermal 

ablation (b). Peripheral enhancing residual tumor is evi-
dent 30 days after treatment (b) with progressive increase 
in the enhancing tumor diameter as long as at 6 months 
disease progression is clearly evident (c)
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After percutaneous ablation, the foci of air 
within the ablation zone can be seen in the peri- 
ablative period and up to 1  month after 
 treatment or even later but their extension must 
be decreased (Lee et al. 2016).

2.2  MRI Findings

Contrast-enhanced magnetic resonance imaging 
(CE-MRI) together with CE-CT is a gold stan-
dard method to study patients after percutaneous 
ablation treatments. Arterial is the fundamental 
phase to assess the outcome of ablation therapies 
both at CE-CT and CE-MRI imaging.

Extracellular contrast agents are preferred  to 
hepatocyte-specific contrast agents in MR imag-
ing follow up after ablation of HCC. Hepatobiliary 
specific agents are taken up only by normal hepa-
tocytes. In the detection of liver malignancies, 
both metastatic and primary HCCs  will appear 
hypointense relative to background parenchymal 
uptake during the hepatobiliary phase. In this set-
ting, MRI with hepatobiliary specific agents 

show a higher ability to detect new lesions (Ahn 
et al. 2010; Lee et al. 2015). However after percu-
taneous ablation treatments, the arterial phase is 
less intense  after hepato-specific contrast agent 
injection due to  the early uptake of the contrast 
agents in the hepatocytes that produce a rapid 
enhancement of the liver  parenchyma and con-
temporary  early reduction of  vessel enhance-
ment. This phenomenon makes the residual 
arterial phase enhancement in the treated lesion 
more difficult to detect (Vogl et al. 1996; Goodwin 
et al. 2011).

The features of the treated areas change over 
time due to the degradation of blood products. In 
the first 1 to 3  months after the procedure, at 
unenhanced MRI the ablation zone appears het-
erogeneously hyperintense in T1-w sequences 
and hypointense in T2-w sequences. The T1 
hyperintensity depends on the presence of hem-
orrhage and coagulative necrosis expected after 
the treatment. Even with MR imaging, small foci 
of air may be seen in this period. They must be 
distinguished from the superinfection of the 
ablated zone if in conjunction with the presence 

a b

Fig. 6 (a, b) 70 years old man with cirrhosis and small 
HCC. Disease progression after thermal ablation. (a) CT 
scan on hepatic arterial phase before thermal ablation (a), 
and 6  months after microwave thermal ablation (b). 

Multiple enhancing nodules (arrow) are evident peripher-
ally to the ablation region in keeping with disease 
progression

S. Brocco et al.



357

a b

c d

Fig. 7 (a–d) 68 years old man with cirrhosis and small 
HCC. Disease progression after thermal ablation. (a) CT 
scan on arterial phase before ablation showing one small 
arterially enhancing HCC nodule (arrow); (b) apparent 
complete response 30 days after thermal ablation; (c) evi-
dence of one small extrahepatic nodule (arrow) adjacent 

to the treated liver area, along the needle track, 3 months 
after thermal ablation; (d) the same nodule presents a 
clear increase in dimension 6 months after thermal abla-
tion in keeping with disease progression due to tumoral 
seeding along needle track after thermal ablation
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of air, other systemic symptoms and signs are 
present including abdominal pain, fever, and leu-
kocytosis (Lee et al. 2016).

The presence of a uniform hypointensity 
together with the absence of residual arte-
rial  enhancement at contrast-enhanced MRI 

sequences at 2–3 months within the ablated zone 
indicates the efficacy of the treatment.

Peripheral enhancement surrounding the zone 
of ablation due to inflammatory changes is evident 
in the arterial phase and persist in later phases, as 
in CT imaging (Dromain et al. 2002).

a b

c d

Fig. 8 (a–e) 70 years old man with cirrhosis and small 
HCC. Complete response after thermal ablation simulat-
ing disease progression on the transverse plane. (a) CT 
scan on arterial phase before thermal ablation treatment 
showing one enhancing nodule on the sixth liver segment; 

(b, c) CT scan on arterial phase 30  days after thermal 
showing peripheral enhancement simulating disease per-
sistence. (d, e) Coronal reformats show that peripheral 
enhancement presents a wedge shape with a capsular base 
and is related to transient hepatic attenuation differences 
(THAD)
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At 3 months follow-up, the ablated zone starts 
to decrease in size. A peripheral enhancement 
surrounding the zone of ablation can still 
be  present on contrast-enhanced MRI sequences, 
but it must be thin and uniform. Sometimes per-
sistence of small foci of T1 hyperintensity and 
heterogeneous T2 signal in the ablated zone can 
be seen (Lee et  al. 2016).  Hyperintense intra 
tumoral areas on T1-w MRI sequences may be 
due to hemorrhage or even presence of arterial 
enhancement in residual tumor. Subtraction T1-w 
MR images can distinguish the two cases.

On late follow-up in a period between 6 and 
12 months after the ablation procedure, in pre- 
contrast sequences, the ablation zone appears 
iso- hypointense in T1-w and hypointense in 
T2-w MRI sequences due to thermal injury 
derived dehydration. At this time high hyperin-
tensity on T2-w MRI sequences can indicate an 
evolution in liquefactive necrosis or biloma for-
mation. Moderate T2 hyperintensity, less intense 
than fluid signal, can represent residual tumor. 
The ablation zone may contract in size with time 
due to the formation of scar tissue (Dromain 
et  al. 2002). The thin and peripheral arterial 
enhancement surrounding the zone of ablation, 

sometimes persisting in later phases, should dis-
appear at 12 months follow up with a concomi-
tant decrease in the size of the area of ablation 
(Lee et al. 2016).

2.3  CEUS

Necrotic and remaining viable tumor tissue after 
treatment may have a similar appearance at US 
due to their similar echogenicity. The use of an 
ultrasound microbubble  contrast agent that can 
clearly depict tumor vascularity provides  the 
opportunity of a real-time imaging technique that 
plays an important role in the management of 
patients treated by ablation for malignant tumors 
(Wilson and Burns 2010).

CEUS highly depends on the investigator’s 
experience and is not a panoramic technique. It 
does not allow a complete view of the entire 
parenchyma of the liver and some lesions, 
because of their location or due to the habitus of 
the patients, are very difficult to visualize. CEUS 
owns some important advantages: it does not use 
ionizing radiation, it has a low allergic potential, 
and offers the possibility to repeat the examina-
tion with additional contrast doses without  any 
risk of acute kindey injury and a reduced risk of 
allergic reactions (Chung and Kim 2015).

According to EFSUMB guidelines in patients 
treated with ablation therapies CEUS is recom-
mended in the setting of a periprocedural evalua-
tion performed immediately or within 24 h after 
ablation or in follow-up when there is a contrain-
dication to CE-CT and CE-MRI or when CE-CT 
or CE-MRI are inconclusive.

US is often used as a guide to target ablation 
therapy. During the ablation procedure, US shows 
a transient hyperechoic zone due to the high 
intensity of energy delivered to the liver paren-
chyma producing cavitation and vapors (Cha 
et al. 2000; Raman et al. 2000)

After this, CEUS shows areas of residual tumor 
that can be immediately re-treated. This reduces the 
incidence of local tumor progression and spares a 
second treatment session in 30% of patients (Meloni 
et al. 2012; Mauri et al. 2014). Thus, CEUS shows 
high sensitivity and specificity in the evaluation of 

e

Fig. 8 (continued)
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the treatment effect immediately or within 24  h 
after ablation (Meloni et  al. 2001; Vilana et  al. 
2006; Salvaggio et al. 2010). A complete response 
to ablation therapy is achieved if there is no 
enhancement within or at the periphery of the 
tumor. Residual unablated tumor shows focal 
enhancement with the same imaging characteristics 
of the original tumor (Wilson and Burns 2010).

CEUS cannot be used after PEI because the 
hyperechogenicity of the chemical agents and 
the gas bubbles created by the injection mask 
the microbubbles of the contrast agents (Cha 
et al. 2000; Raman et al. 2000). As it happens in 
CE-CT and CE-MRI, CEUS after ablation 
shows peripheral arterial enhancement sur-
rounding the ablation zone due to reactive 
hyperemia: the differentiation between this 
peripheral reactive halo and residual unablated 
tumor can be difficult. Usually, uniform thick-
ness of the hyperenhancing halo without wash-
out in the late phase suggests reactive hyperemia, 
while residual tumor appears irregular, and the 
hypervascular components have the typical 
wash-out of the original tumor  during the late 
phase. The fact that peripheral reactive halo can 
mask small microscopic foci of residual disease 
must be considered.

CEUS can also visualize  active peritoneal 
hemorrhage, hepatic infarction, and hematomas 
allowing early detection of such complications 
(Mauri et al. 2014). In long-term follow-up, CEUS 
is used if CE-CT and CE-MRI, the gold standard 
techniques for their high diagnostic accuracy and 
panoramic view, are inconclusive or contraindi-
cated (Ahmed et  al. 2014). In the follow-up of 
ablated metastases, CEUS permits a complete 
examination of the liver during the prolonged late 
phase (Filice et al. 2011) with a high accuracy that 
is similar to CE-CT and CE-MRI (Cantisani et al. 
2010; Larsen et al. 2007; Dietrich et al. 2006).

2.4  Complications

Complication after percutaneous procedures 
regards blood vessel, biliary tree, or superinfec-
tion of the treated zone.

Vascular complications include hemorrhage, 
arteriovenous fistula, hepatic arterial pseudoan-

eurysm, portal vein thrombosis, and hepatic 
infarction (Sainani et  al. 2013). The most com-
mon vascular complications are parenchymal and 
intraperitoneal hemorrhage caused by direct 
mechanical injury to blood vessels. This risk is 
lower with heat-based ablation modalities than 
with cryoablation because of vessel cauterization 
induced by RF  ablation and MWA.  A small 
amount of parenchymal hemorrhage (hyperdense 
on CT or hyperintense on MRI) is normal. 
Hyperdensity in the peritoneum or during the 
arterial phase are signs of ongoing hemorrhage. 
Hemorrhage into the biliary tree manifests as the 
presence of blood into gallbladder lumen. 
Cholecystitis is a complication of obstruction of 
the cystic duct by blood clots.

Arterioportal fistulas may be created when a 
lesion near large hepatic arteries or portal veins is 
treated. Arterioportal fistulas manifest as  perfu-
sional abnormality in liver parenchyma with an 
early filling of portal veins during the arterial 
phase (Lee et al. 2016).

Biliary complications are represented by 
bilomas and biliary strictures. Biliary strictures, 
caused by damage to large bile ducts, usually 
become evident 6–12  months after ablation, 
when progressive enlargement of bile ducts can 
be seen on serial imaging. Bilomas due to biliary 
duct injury usually do not require any treatment 
because they resolve spontaneously in a few 
months. They require drainage if they become 
symptomatic or infected (Kim et al. 2004).

Hepatic abscess formation is described in 0.2–
3% cases. The main risk factors are diabetes and 
bilioenteric anastomoses after RFA and MWA 
(Shankar et  al. 2003; Choi et  al. 2005). Their 
imaging features are similar to a hepatic abscess. 
The presence of air can be normal in the treated 
zone up to 2–3 weeks after treatment but it must 
decrease over time.

3  Imaging Post TACE

Transarterial chemoembolization  (TACE) is a 
locoregional therapy of hepatic tumors consists 
of intraarterial administration of a viscous emul-
sion, made by a chemotherapeutic drug such as 
doxorubicin or cisplatin mixed with iodized oil, 
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followed by embolization of the tumor-feeding 
blood vessels with embolic agents. It is based on 
the intense tumor neo-angiogenesis activity and 
its goal is to induce acute ischemic damage and a 
strong cytotoxic effect, enhanced by ischemia 
(Lencioni 2010).

It should be distinguished from transarterial 
embolization (TAE) without administration of 
the chemotherapeutic agent, or intra-arterial che-
motherapy, where no embolization is performed.

The main indication for TACE is multinodular 
HCC without vascular invasion or extrahepatic 
spread, whose position or size do not allow other 
percutaneous treatment, in patients with rela-
tively preserved liver function and absence of 
cancer-related symptoms; this condition is classi-
fied as intermediate stage according to Barcelona 
Clinic Liver Cancer staging system. Other indi-
cations are the treatment of selective metastatic 
disease, most commonly colorectal cancer, and in 
intra hepatic  cholangiocarcinoma, or  even in 
HCC as a bridge to a liver transplant.

Moreover, TACE is the most used palliative 
treatment for unresectable HCC (Maleux et al. 
2009). For inoperable patients, the available 
treatment options are intraarterial chemoembo-
lization, radiofrequency ablation, hepatic arte-
rial infusion chemotherapy, sorafenib, and best 
supportive care. In actual practice, the choice 
among these therapies is not standardized 
(Achenbach et al. 2002) and determined by the 
clinical condition (Yim et al. 2015). According 
to some authors, TACE may significantly 
improve the survival of patients with unresect-
able liver  tumors compared with supportive 
treatment (Llovet et al. 2002).

TACE is commonly performed in two ways: 
the conventional TACE (cTACE) uses an oily 
radiopaque material mixed with chemotherapeu-
tic drugs followed by embolic particles (Pesapane 
et  al. 2017); the second method, drug-eluting 
bead TACE (DEB-TACE), uses particles that 
slowly release the chemotherapeutic agent 
(Brown et  al. 2016). Both techniques involve 
cannulation of the arteries feeding the tumor with 
a catheter or microcatheter, stopping the blood 
supply to the tumor.

The two procedures are characterized also 
by different radiological features during follow-

up imaging. Lipiodol is visible in the treated 
area for months after cTACE, while the contrast 
used during DEB-TACE typically washes out 
after a few hours (Brennan and Ahmed 2013; 
Golowa et al. 2012). Compared to cTACE, the 
absence of iodized oil in DEB-TACE does not 
mask the arterial enhancement on contrast-
enhanced CT or MR imaging and it makes it 
easier the assessment of residual viable tumor 
tissue.

In the first 24  hours following cTACE, the 
patients typically undergo unenhanced  CT to 
define the lipiodol distribution within and around 
the target tumor, considering that only complete 
coverage of the treated area is associated to a 
greater degree of necrosis and an adequate 
response (Adam and Miller 2015). If the lipiodol 
does not stain the tumor, the patient may repeat a 
second TACE. The presence of areas of reduced 
uptake within the tumor may refer to pre-existing 
necrosis, or a tumor portion supplies by alterna-
tive branches. In this case, the untreated 
tumor feeding arteries should be sought and more 
than one TACE should be considered to achieve 
the maximal response (Riaz et al. 2011).

Contrast-enhanced Computer Tomography 
(CE-CT) and Magnetic Resonance  imaging 
(CE-MRI) are the most common modalities to 
evaluate the therapeutic response in patients after 
TACE.

In comparison to CE-CT and contrast- 
enhanced ultrasound (CEUS), CE-MRI results to 
be the most sensitive and specific modality to 
define residual tumor following TACE treatment 
(Kubota et al. 2001).

Particularly, CE-MRI superiority compared to 
CE-CT to detect HCC relapse or persistance after 
TACE treatment is due to a better contrast 
delineation between the tumor and the underly-
ing liver in the different sequences available, 
with or without contrast agent administration 
(Rostambeigi et al. 2016).

However,  in comparison to CE-MRI CE-CT 
has been associated with reduced cost, requires 
less patient cooperation, and doesn’t suffer the 
presence of a large volume of ascites (Westwood 
et  al. 2013).  CEUS is rarely used  in patients 
treated by TACE and has not performed as well 
as either CE-CT or CE-MRI (Kubota et al. 2001).
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Timing for post-treatment imaging follow-up 
is at 1  month, 3  months, and then every 
3–6 months. Alternative follow-up schedules have 
been suggested by different author’s institutions, 
but not generally accepted (Boas et al. 2015).

At the initial post-TACE examination, the 
HCC usually presents the same size as the pre- 

existing tumor. To evaluate the response after 
treatment, a method derived from modified 
RECIST (mRECIST) was developed. As 
described earlier, these criteria are based on 
tumor  vascularity, which is represented by 
enhancement on arterial phase imaging (Choi 
et al. 2018) (Figs. 9 and 10).

a b

c

Fig. 9 (a–c) 62 years old man with cirrhosis. Complete 
response after trans arterial chemoembolization in a 
patient with HCC. (a–c) CT scan on arterial phase before 
thermal ablation (a) and 30 days (b) and 3 months (c) after 

microwave ablation. Hypodense treated area is evident 
(white arrow) which shows progressive reduction in diam-
eter. These findings are consistent with complete response 
according to mRECIST criteria
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On contrast-enhanced CT imaging, the tumor 
that retains iodized oil is considered necrotic, 
while tumoral  tissue that shows enhancement 
represents a viable tumor. Beam hardening 
 artifacts led to lipiodol deposition may obscure 
the enhancement of the arterial phase, reducing 

the sensitivity of CT.  Recent advances in dual-
energy CT may increase the sensitivity of 
contrast- enhanced CT following cTACE, but this 
technology is not readily available for clinical 
use (Altenbernd et al. 2011). The signal intensity 
of MRI is not influenced by the lipiodol, and it is 

a b

c d

e

Fig. 10 (a–e) 70 years old man with cirrhosis and small 
HCC. Disease progression after TACE. (a, b) CT scan on 
arterial phase 30 days after TACE showing no evidence of 
residual enhancing tumor. (c–e) Six months after 

TACE.  Multiple enhancing nodules (arrow) are evident 
peripherally to the treated region (c, d), with evidence of 
contrast washout on portal venous phase (e) in keeping 
with disease progression
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considered superior in evaluating residual viable 
tumor after cTACE. Necrotic tumor shows vari-
able signal intensity on non-enhanced T1-w 
images and T2-w images and a lack of 
 enhancement after gadolinium administration 
(Riaz et al. 2011). Hyperintense foci may repre-
sent hemorrhage or residual tumor. Particularly, 
residual tumoral tissue is seen as a demarcated 
nodular area, usually >5 mm, that presents arte-
rial enhancement and subsequent washout on 
portal venous phase images (Park et al. 2013). It 
is common to see a thin rim <5 mm around the 
treated lesion after TACE, which shows persis-
tent enhancement, without washout on the portal 
phase (Brennan and Ahmed 2013). This find-
ing  should not be confused with recurrences, 
which are most commonly localized at the edge 
of the treatment area. The absence of washout is 
crucial to differentiate recurrences or residual 
tumor from pseudolesions, such as arteroportal 
shunts. More recently, diffusion-weighted imag-
ing  (DWI) is used to assess the persistence of 
tumor tissue after TACE, which results in an 
increase in the apparent diffusion coefficient val-
ues in areas of the tumor that undergo necro-
sis  and signal restriction on DWI in tumoral 
persistance or recurrence (Sahin et al. 2012).

4  Imaging Post Systemic 
Therapy

Greater knowledge of cancer genomics for the 
study of genetic mutations involved in carcino-
genesis has allowed the development of thera-
pies that interact with specific molecular targets. 
Immunotherapies represent a new class of drugs 
that have significantly changed treatment strate-
gies in advanced tumors. This type of systemic 
therapy goes to act on well-defined molecular 
targets, which interfere with tumor neoangio-
genesis or cellular signaling (Braschi-
Amirfarzan et  al. 2017). The aim of 
immunotherapy is  different from conventional 
cytotoxic therapies whose goal is to determine 
cell death; with immunotherapy, instead, the 
immune system is stimulated to activate and 
increase an inflammatory response against the 
neoplasm. This translates into a change in the 

morphology of the tumor and not in its size as is 
used with cytotoxic chemotherapeutics that 
directly kill tumor cells (Karp and Falchook 
2014). Immunotherapies improve the antitumor 
response of the immune system and increase its 
activity to achieve a more effective antitumor 
response. Based on the mode of action, the 
immunotherapies can have an active or passive 
mechanism: active immunotherapies, such as 
vaccines, recombinant cytokines, preformed 
monoclonal antibodies, and immunomodulatory 
antibodies stimulate humoral or cell-mediated 
immunity  against tumoral cell (Mellman et  al. 
2011); passive immunotherapies, such as pre-
formed monoclonal antibodies, inhibit the 
growth of tumor cells by blocking their recep-
tors and signaling proteins, and consequently 
cause the death of cancer cells by signaling the 
tumor cells to be removed from the immune sys-
tem (Schuster et al. 2006). These several immu-
notherapies, such as tumor antigen therapy, 
immune checkpoint inhibitors, and adoptive cell 
transfer (ACT) immunotherapy are currently 
being studied in HCC (Li et al. 2017).

For HCC conventional cytotoxic chemother-
apy with capecitabine, oxaliplatin, cisplatin, fluo-
ropyrimidine (5-FU or capecitabine), doxorubicin 
demonstrated limited efficacy on long-term 
(Brandi et  al. 2013); hormonal agents, such as 
tamoxifen or octreotide, have failed to show an 
objective treatment response in placebo- 
controlled randomized trials, or when added to 
existing chemotherapeutic options (Becker et al. 
2007; Chow et al. 2002). Generally, the response 
and success of traditional cytotoxic chemother-
apy are given by the decrease in tumor size and 
the absence of new lesions. Response to treat-
ment after immune-modulatory therapy may be 
associated with an initial delay in response to 
treatment, such as a slow decrease in the size of 
the tumor or even as the appearance of new 
lesions and tumor size increase followed by sta-
ble disease, or even partial or complete response 
(tumor pseudoprogression) (Kwak et al. 2015). It 
is also important to remember that immunother-
apy activates immune system  against cancer, 
which can also lead to unwanted activation of 
autoimmunity, with a consequent wide range of 
toxic effects (Chiou and Burotto 2015).
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A great number of organs and tissues can be 
involved in immune-related adverse  events 
(irAE): skin and mucosae, bowels, lung, liver, 
pancreas, endocrine glands (thyroid, hypophysis, 
adrenal glands), kidney, eyes, central nervous 
system, blood, muscles, and bones (Michot et al. 
2016). The most common adverse events related 
to the activation of the immune system are derma-
tological, including vitiligo, rash and erythema, 
hand-foot skin reaction, arterial hypertension, 
fatigue, and diarrhea (Bruix et  al. 2017); other 
reactions that may occur during follow- up are 
colitis, pneumatosis intestinalis, pneumonia, thy-
roiditis, hepatitis, pancreatitis, hypophysitis, and 
arthritis (Wang et  al. 2017). These autoimmune 
toxic effects must be readily recognized and 
treated to avoid more serious complications.

As tumors respond differently to treatment 
with immunotherapy compared to traditional 
cytotoxic therapies, a consensus guideline - 
immune-related Response Evaluation Criteria in 
Solid Tumors (iRECIST) - was developed by the 
RECIST working group in cancer immunother-
apy trials (Seymour et al. 2017). This is a guide-
line that describes a standard approach to a solid 
tumor, measurements and definitions for objec-
tive change in tumor size for use in clinical trials 

and to facilitate the ongoing collection of clini-
cal trial data but not for the routine clinical use. 
iRECIST was published for the first time in 
2017 and was based on RECIST 1.1 (Response 
Evaluation Criteria in Solid Tumors Responses) 
assigned using a prefix of “i” (i.e., immune) 
(Somarouthu et  al. 2018). According to these 
criteria some parameters are considered: sum of 
target lesion maximum  diameters (measurable 
lesions are >10 mm  in diameter and lymph 
node  lesion >15 mm in diameter), maximum 2 
target lesions per organ, and maximum 5 target 
lesions in total. New tumoral lesions (maximum 
2 for organ, 5  in total) are recorded and fol-
lowed-up separately (Seymour et  al. 2017) 
(Table 1).

But these criteria have not been yet validated 
in clinical practice because the dimensional cri-
terion is not sufficient to quantify the change 
within the tumor determined by immunotherapy 
whichmodifies the neoangiogenesis or activates 
the immune response, and may result in a dimen-
sional increase of the lesion itself or in the 
appearance of new lesions on imaging (pseudo-
progression). The real novelty introduced by the 
iRECIST criteria, compared to the RECIST 1.1 
criteria is the iUPD category (Table 1) and the 

Table 1 iRECIST criteria 2017

iCR (complete response)—disappearance of all lesions—
Total remission of all the lesions (target and nontarget), lack of new lesion, and any lymph node should be less than 
10 mm in short axis diameter. Imaging needs to be confirmed by another consecutive study in the next 4 weeks 
after the first one.
iSD (stable disease)—neither CR nor PD is met—
Change of the total tumor burden is reduced by less than 30% when compared with baseline or increase less than 
20% when compared with baseline.
iPD (progressive disease)
≥ 20% increase in the nadir of the sum of target lesions with a minimum of 5 mm—at least 4 weeks after, and up to 
8 weeks
iUPD (unconfirmed progressive disease)
Increase in the total tumor burden of at least 20% compared to nadir (minimum 5 mm) or progression of the 
non-target lesion. Further confirmation after 4 weeks is needed.
iCPD (confirmed progressive disease)
In order to confirm the progression, it must be an increase of target of non-target lesions. Increase in the sum of 
new target lesion >5 mm in the next assessment after the examination where progression was previously observed.

iPR (partial response)— ≥30% decrease from baseline—
Decrease of at least 30% in the total tumor burden compared to baseline. Non-unequivocal progression of 
non-target lesion and lack of new lesion. The study needs to be confirmed by another consecutive study in the next 
4 weeks after the first one.
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simultaneous evaluation of the patient’s clinical 
status (Seymour et al. 2017).

According to the guidelines for the clinical 
practice of the 2018 EASL (European 
Association for the Study of the Liver) for the 
management of HCC (Galle et al. 2018) patients 
with advanced HCC (BCLC stage C) (Fig.  1), 
with cancer- related symptoms (symptomatic 
tumors, ECOG 1–2), macrovascular invasion 
(either segmental or portal invasion) or extrahe-
patic spread (lymph node involvement or metas-
tases) have  a poor prognosis, with expected 
median survival times of 6–8 months, or 25% at 
1 year (Cabibbo et al. 2010).

For these patients, the therapeutic scenario has 
changed since 2007, thanks to sorafenib and 
immunotherapy. Around 20 molecular targeted 
therapies have been approved during recent years 
for patients with breast, colorectal, non-small cell 
lung, renal cancer, and HCC, among other malig-
nancies (Llovet and Bruix 2008).

Sorafenib is an oral multikinase inhibitor that 
can interfere with tumor angiogenesis and 
growth, which usually does not lead to apparent 
tumor shrinkage and may alter tumor morphol-
ogy blocking several molecular pathways that are 
important in tumor angiogenesis and progres-
sion, including serine-threonine kinases (c-RAF 
and BRAF), tyrosine kinases related to vascular 
endothelial growth factor receptor  2 and 3 
(VEGFR-2 and VEGFR-3), and platelet-derived 
growth factor receptor (PDGFR) (Wilhelm et al. 
2004). Among these pathways, VEGF is the main 
molecule that drives tumor angiogenesis (Jayson 
et al. 2016), Sorafenib destroys tumor blood ves-
sels and facilitates vascular normalization (Heath 
and Bicknell 2009). Sorafenib is established as 
the standard systemic therapy for patients with 
well-preserved liver function (Child-Pugh A 
class) and with advanced HCC stage (BCLC C) 
or those HCCs at intermediate stage (BCLC B) 
showing disease progression after  loco-regional 
therapies. The data reported in the trial SHARP 
phase III, showed that Sorafenib improved sur-
vival compared with placebo (Llovet et al. 2008). 
The results of the SHARP trial were confirmed 
also in the Asia-Pacific phase III trial (Cheng 
et  al. 2009). In first-line systemic therapy also 

lenvatinib has been shown to be non-inferior 
to Sorafenib. Among  second-line therapies, 
Regorafenib an oral multi-kinase inhibitor that 
blocks the activity of protein kinases involved in 
angiogenesis, oncogenesis, and the tumor micro-
environment  should be mentioned (Wilhelm 
et  al. 2011). Cabozantinib is a MET  (receptor 
tyrosine kinase for the hepatocyte growth factor), 
VEGFR2, and RET inhibitor, approved in 
patients with advanced HCC in second- or third- 
line treatment (Abou-Alfa et al. 2018).

4.1  Imaging Findings

The goal of monitoring the response to this new 
therapeutic agents by imaging should be to evalu-
ate the reduction of  tumoral vascularization and 
induced necrosis and internal tumoral hemorrhage 
as indicators of treatment response. Internal 
tumoral hemorrhage may thus be observed during 
immunotherapy treatment due to ischemia. 
Decreased tumor cellularity is another pathologi-
cal finding seen during immunotherapy treatment.

On CE-CT, the contrast enhancement degree 
of HCC on the arterial phase may decrease dur-
ing sorafenib therapy without necessarily affect-
ing tumor size (Kim et al. 2011) and reflects the 
degree of neoangiogenesis. However, the assess-
ment of tumoral contrast enhancement depends 
on the CE-CT scan protocol, the contrast agent 
injection protocol, and the patient’s cardiovascu-
lar circle status at the time of scanning. During 
treatment with sorafenib, it is important to mea-
sure tumor density on both unenhanced and 
CE-CT images  and to evaluate the change of 
tumoral vascularization caused by the therapy. It 
should be remembered that tumor attenuation on 
unenhanced CT may even increase due to hem-
orrhage (Figs. 11 and 12). Perfusion CT and its 
perfusion parameters such as peak enhancement, 
time to peak, transition time may allow more 
accurate quantification of tumor perfusion 
(Maksimovic et al. 2010; Sahani et al. 2007).

On  MRI tumoral  T1 and T2 signal varies 
according to the presence of hemorrhage and 
necrosis. CE-MRI can also show the reduction of 
tumor perfusion (Horger et al. 2009). The signal 
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changes on T1-w and T2-w sequences, reflect the 
morphological changes in the tumor and can be 
observed as early as 2–4 weeks in therapy, which 
corresponds to the timing of the first post- 
therapy  MRI scan. In the early acute phase 
(<1  week from therapy), the transformation of 
intracellular deoxyglobin into methaemoglobin 
leads to high signal intensity on T1-w sequences 
and low signal intensity on T2-w MRI sequences, 
while in the subacute phase (first weeks in ther-
apy), presence of extracellular methemoglobin 
produces a high signal intensity  on T1-w and 
T2-w MRI sequences (Horger et al. 2009). This 
phase with its intrinsic contrast between tumor 

and native liver accurately demonstrates intratu-
moral hemorrhage induced by Sorafenib therapy. 
Tumor enhancement on the hepatic arterial phase 
of CE-MRI reflects the degree of neoangiogene-
sis. Internal enhancement of the tumor assessed 
before and after gadolinium administration can 
carefully show the response to therapy. Tumor 
necrosis is evident as a non-enhancing tumoral 
region that increases dimensionally compared to 
a previous examination, with an increase in the 
relationship between the necrotic tumor and still 
vital portion. However, in a small percentage of 
patients, tumoral necrosis can lead to a consider-
able increase (>20%) of the tumor volume, which 

a b

c d

Fig. 11 (a–d) 61-years old man with multifocal 
HCC.  Contrast-enhanced CT.  Dominant nodule (long 
arrow) on the left liver lobe (a), and neoplastic thrombosis 
of the portal vein (short arrow) (b). Partial response after 
treatment. Contrast-enhanced CT, arterial phase, the same 

HCC nodule in the left hepatic lobe at 2 months (c) and 
4 months (d) from the beginning of sorafenib therapy. A 
central hypodense region appears within the nodule after 
2 months of treatment with mild reduction of tumoral vas-
cularity due to anti angiogenetic effect of sorafenib (c)
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should not be considered immediately as disease 
progression but as ‘pseudoprogression’ (Kwak 
et al. 2015).

On CE-MRI, tumoral  perfusion can be esti-
mated using kinetic models. Ktrans reflects capil-
lary permeability. HCC treated with sorafenib 
showed a higher decrease in Ktrans and this find-
ing reflects a decrease in tumor capillary perme-
ability and correlates with longer progression-free 
survival and overall survival (Hsu et  al. 2011; 
Yopp et  al. 2011). Dynamic CE-MRI  T2* -  w 
sequences are affected by susceptibility effects of 
intravascular contrast medium  and are much 
more sensitive to contrast than T1-w CE-MRI 
sequences. A reduction in the signal intensity ini-

tially occurs after contrast agent administration, 
with subsequent recovery of the signal intensity 
since the T1 effects overcomes the T2* effects.

Diffusion-weighted MR imaging (DWI) has 
been helpful in liver tumor detection, tumor 
characterization, and monitoring response to 
treatment (Figueiras et  al. 2011) The apparent 
diffusion coefficient (ADC) value has been cor-
related with the tumor proliferation index and 
tumor grade before therapy, as well as with the 
presence of necrosis and tumor cell apoptosis 
after treatment (Padhani and Koh 2011; Anzidei 
et  al. 2011). The ADC is a parameter used in 
DWI MRI sequences to quantify the water mobil-
ity due to Brownian motions through gradient 

a b

c d

Fig. 12 86-years old man with multifocal HCC HCV 
related to treatment with second-line drugs (tivantinib). 
Disease progression. CE-CT on hepatic arterial phase and 
portal venous phase at 0 months (a, b), at 2 months (c, d) 

and 4 months (e, f) after begin of therapy shows disease 
progression with evidence of progressively increasing 
number of hypodense lesions
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duration and amplitude (b-values). A lower ADC 
value is related to tumor viability (Heijmen et al. 
2013). Successful therapy increases water diffu-
sivity resulting in a higher ADC value, which 
reflects the derangement of tumor macromolecu-
lar architecture (e.g., due to necrosis)  and 
increased water mobility. Studies have shown a 
potential to characterize malignant lesions and to 
differentiate viable tissue from necrosis on the 
basis of ADC cut-off values (Heijmen et  al. 
2013; Wagner et  al. 2012). Early changes in 
ADC values in patients treated with Sorafenib 
generally show a contrary trend which is thought 
to be caused by shrinkage of extracellular space 
due to resorption of plasma and occurrence of 
hemoglobin degradation products (e.g., methe-
moglobin) after hemorrhage (Atlas et al. 2000). 
In fact, patients with HCC treated by Sorafenib 
have reported a transient decrease in tumor ADC 
value approximately 1  month after treatment, 
thus, suggesting hemorrhagic necrosis; however, 
a sustained decrease in ADC at 3-months follow-
up may indicate a viable tumor or tumor progres-
sion (Schraml et al. 2009).

About other imaging, the value of CEUS for 
assessing the treatment response to Sorafenib in 
HCC has been validated by recent studies. 
Shiozawa et  al. (2001) demonstrated that the 
intratumoral vascular architecture classified by 
microflow imaging and the contrast  mean 
arrival time from the reference point to the tar-

get lesion 2 weeks after treatment were corre-
lated with overall survival (OS) (Shiozawa 
et  al. 2001; Shiozawa et  al. 2016). Moreover, 
CEUS is a more simple example to use nonin-
vasive imaging technique that allows accurate 
evaluation of tumor vascularization and could 
be capable of selecting patients who will benefit 
from treatment with Sorafenib (Lamuraglia 
et al. 2006).
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Abstract
Paediatric hepatic tumours are relatively rare 
with malignant lesions being twice as frequent 
as benign neoplasms and are mostly 
metastases.

Hepatic tumors in children include lesions 
that are unique to the pediatric age group and 
others that are more common in adults.

Important considerations when evaluating 
a child with a liver tumor are the age of the 
patient, laboratory findings, and specific imag-
ing features.

Imaging has a significant role in the evalu-
ation of most paediatric liver tumours. 
Differentiating benign from malignant 
tumours is important as it significantly affects 
treatment decisions.

The current emphasis is on imaging fea-
tures, which are helpful not only for the initial 
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diagnosis, but also for pre- and post-treatment 
evaluation and follow-up.

The role of advanced imaging test such as 
magnetic resonance imaging, which allow for 
non-invasive assessment of liver tumors, is of 
utmost importance in pediatric patients, espe-
cially when repeated imaging tests are needed 
and radiation exposure should be avoided.

Knowledge of the imaging features of these 
tumors can help radiologists offer an appropri-
ate differential diagnosis and management plan.

Primary hepatic neoplasms account for 1–4% of 
all children solid tumors with approximately 
two-thirds of the primary hepatic neoplasms 
being malignant (Yikilmaz et al. 2017)

Metastatic disease is the most common neo-
plasm involving the liver in children (Chung 
et al. 2010)

Most of the focal hepatic masses cause 
abdominal pain or palpable abdominal mass or 
distention. Imaging evaluation is necessary for 
characterizing and managing pediatric patients 
with suspected focal hepatic masses. Although 
abdominal radiograph may provide helpful imag-
ing findings that can suggest the presence of focal 
hepatic masses such as hepatomegaly, ultrasound 
is the first imaging modality because of its low 
cost and availability, without lack of ionizing 
radiation (Adeyiga et al. 2012)

Contrast-enhanced US (CEUS) is currently 
emerging as a promising modality in detecting 
and characterizing liver tumors (Anupindi et al. 
2017)

CT was often performed for lesion character-
ization, staging, and surgical planning for liver 
masses and now remains the gold standard for 
detecting lung metastasis in malignant hepatic 
neoplasms. Parameters like kV, mAs, and pitch 
can be adjusted for decreasing children’s expo-
sure to radiation maintaining adequate diagnos-
tic image quality. IV contrast agent is essential 
to characterizing tumor and vascular supply to 
both the tumor and the normal hepatic 
parenchyma.

Unlike adults, multiphase CT liver imaging 
should not be performed in pediatric patients to 

avoid excessive exposure to radiation. It is rec-
ommended a single portal-venous phase with a 
50-second delay to initiate imaging after injec-
tion of IV contrast agent.

The diagnostic role of CT in characterization, 
staging, and surgical planning of hepatic tumors 
in the pediatric population has been reduced with 
recent advances in MR imaging.

MRI is becoming the modality of choice for 
the imaging of pediatric abdominal masses 
because of its very good multiplanar spacial reso-
lution and excellent multiparametric tissue char-
acterization without exposure to ionizing 
radiation. Newer and faster image sequences 
have also been developed for reducing motion 
artifact and for improving detailed visualization 
of vascular anatomy.

However, the disadvantages of MR imaging 
include longer imaging time and the frequent 
need for sedation or anesthesia in smaller 
children.

The imaging protocol employed should 
attempt to minimize scan time while maximizing 
image resolution (Rozell et  al. 2014; Roebuck 
2009).

An ideal MR imaging protocol should be per-
formed with axial and coronal T2-weighted turbo 
spin-echo; axial in- and opposed-phase T1 gradi-
ent recalled echo, axial diffusion-weighted and 
axial/coronal post-contrast 3-dimensional fat- 
suppressed gradient recalled-echo sequences 
with arterial, portal venous, equilibrium and 
delayed post-contrast phases up to 20 min with 
the use of a hepatocyte-specific gadolinium- 
based contrast agent (such as gadoxetate diso-
dium) (Shelmerdine et  al. 2016; Chavhan et  al. 
2016; Mitchell and Vasanawala 2011; Meyers 
et al. 2011)

1  Benign Tumors

One-third of primary liver tumors are benign, 
which may be of mesenchymal or epithelial ori-
gin; the most common benign tumors are infantile 
hemangioma, mesenchymal hamartoma, focal 
nodular hyperplasia (FNH), nodular regenerative 
hyperplasia (NRH), and hepatocellular adenoma 
(Table 1) (Stocker 2001; Chung et al. 2010)
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1.1  Infantile Hepatic 
Hemangioma

Infantile hepatic hemangiomas are the most com-
mon benign vascular tumor, which is composed 
of vascular endothelium, and are divided into 
three subtypes: focal, multifocal, and diffuse.

The congenital sub-type is well-formed at 
birth while infantile hemangiomas typically pres-
ent 4–8 weeks after birth and continue to grow up 
to a year, followed by a slow phase of regression 
over 8–9 years and typically resolve by puberty. 
Clinicians and radiologists, to distinguish 
between infantile and congenital hemangiomas, 
have to know the timing of lesion presentation or 
GLUT-1 expression by tissue sampling (which is 
a sensitive and specific marker for infantile hem-
angiomas) (Masand 2018).

Solitary tumor size varies from 0.5 to 14 cm in 
maximum dimension while multifocal lesions are 
usually around 1 cm in diameter.

Multifocal lesions are small and uniform 
while large focal may present central hemor-
rhage, necrosis, fibrosis, and calcification. In dif-
fuse disease, the liver is replaced by multiple 
large masses that cause mass effect on adjacent 
organs (Chung et al. 2010)

At postnatal US, infantile hemangioma 
appears as a well-demarcated mass, generally 
hypoechoic or of mixed echogenicity, relative to 
adjacent live, unlike adults hemangioma which is 
typically iperechoic (Keslar et al. 1993)

Large hemangiomas may be heterogeneous 
because of central hemorrhage, necrosis, or 
fibrosis.

On CT precontrast images infantile hemangi-
oma presents as a well-defined hypoattenuating 
mass with calcifications in up to 50% of cases. 

After contrast injection, it shows intense periph-
eral nodular enhancement on arterial phase 
enhancement with a progressive centripetal fill-in 
on portal venous and delayed phase images, simi-
lar to adult hemangioma. Small multifocal tumors 
enhance intensely and uniformly, whereas large 
focal tumors enhance centripetally and may never 
completely enhance in the center (Kassarjian 
et al. 2004)

On MRI congenital or infantile hemangiomas 
present as focal mass lesions with hypointense 
T1-weighted and avidly hyperintense T2- 
weighted signal. On post-contrast sequences, they 
usually demonstrate a peripheral, discontinuous, 
and nodular pattern of enhancement on the arte-
rial phase images. On delayed post-contrast 
images, these lesions continue to fill in and exhibit 
hypointense signal relative to the liver paren-
chyma (hepatobiliary phase) using a hepatocyte- 
specific contrast (Masand 2018; Dickie et  al. 
2009; Christison-Lagay et al. 2007) (Fig. 1).

1.2  Mesenchymal Hamartoma

Mesenchymal hamartomas of the liver are the 
second most common benign tumors in child-
hood, that occur typically before 3 years of age 
and are composed of disorganized bile ducts, 
immature fluid-filled mesenchymal tissue, and 
hepatocytes (Moore et al. 2009)

The appearance of mesenchymal hamartoma 
depends on its components, which range from a 
predominantly cystic mass with thin or thick 
septa to a predominantly solid (stromal or mesen-
chymal) mass with a few small cysts.

On US, the cystic portions of the mass are 
anechoic or nearly anechoic with thin or thick 
echogenic septa while the solid portions appear 
echogenic (Chung et al. 2010)

On CT mesenchymal hamartoma appears 
like a multilocular low-attenuation cystic mass 
with enhancing thick or thin septae and solid 
component; calcification is rare (Yikilmaz 
et al. 2017)

On MRI the most common multiseptated cys-
tic mass presents low signal intensity on 
T1-weighted and high signal intensity on 
T2-weighted images. The intervening septations 

Table 1 Data from Lopez-Terrada 2014

Incidence of primary liver tumors in children
Infantile hepatic hemangioma 15%
Mesenchymal hamartoma 7%
Focal nodular hyperplasia 5%
Hepatocellularadenoma 3%
Hepatoblastoma 37%
Hepatocellular carcinoma 21%
Undifferentiated embryonal sarcoma 8%
Other 4%
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are of intermediate signal intensity and display 
enhancement on the post-contrast sequences. 
Mesenchymal hamartomas can be solid or have a 
mixed solid/cystic appearance. Solid mesenchy-

mal hamartoma cannot be differentiated from 
hepatoblastoma on imaging alone and 
demonstrates heterogeneously hyperintense 
T2-weighted signal, hypointense T1-weighted 

Fig. 1 4  months old female with hepatomegaly. US 
shows well-demarcated multiple hypoechoic nodular 
masses (a), without vascular signal on ECD (b). On CT (c, 
d, e) and on MRI (f, g, h) the liver is totally replaced by 
multiple hemangiomas with intense peripheral nodular 

enhancement on the arterial phase with a progressive cen-
tripetal fill-in on portal venous and delayed phase images. 
Control after propranolol and corticosteroid therapy 
shows complete regression of hemangiomas 1 year later 
(i)

a b

c d

e f
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signal, and heterogeneous post-contrast enhance-
ment within the mass (Masand 2018).

Hepatoblastoma is generally distinguished 
from mesenchymal hamartoma by marked eleva-
tion of the serum AFP level and the solid appear-
ance and finding of calcification.

Undifferentiated embryonal sarcoma (UES) is 
similar to mesenchymal hamartoma for imaging 
and pathologic features but it occurs in an older 
age group (6–10 years of age) and often presents 
hemorrhage and necrosis with a frankly malig-
nant stroma (Chung et al. 2010)

1.3  Focal Nodular Hyperplasia (FNH)

FNH represents 2% of all primary hepatic tumors 
in children from birth to age 20  years with a 
 prevalence in the pediatric population between the 
ages of 2 and 5 years (Stocker 2001; Meyers 2007).

It has been supposed that focal nodular 
hyperplasia develops within a congenital vascular 
malformation or occurs secondary to iatrogenic 

hepatic vascular damage such as after chemother-
apy (Masand 2018).

On US most FNH appears hypoechoic; how-
ever, they may be isoechoic and hyperechoic. The 
identification of isoechoic tumors may be diffi-
cult and recognizing indirect signs of compres-
sion adjacent to the mass may be helpful for the 
diagnosis. A hypoechoic halo is present in 32% 
of cases (Bartolotta et al. 2004; Wu et al. 2012).

On CT scan, FNH has more specific charac-
teristics and typically demonstrates uniform 
enhancement with IV contrast during the arterial 
phase. In the later phases, FNH becomes isoat-
tenuating to the liver (Ma et al. 2015).

A stellate scar, when present, is typically 
hypoattenuating on early contrast-enhanced 
images and demonstrates enhancement on 
delayed images.

MR imaging is the modality of choice for 
characterizing FNH, which appears isointense to 
slightly hypointense on T1-weighted and 
T2-weighted MR images, and enhances homoge-
neously. After contrast injection, the lesion 
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Fig. 1 (continued)
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enhances strongly during the arterial phase and 
early portal venous phase, and becomes isoin-
tense to slightly hyperintense compared to the 
adjacent liver parenchyma during the late portal 
venous and delayed phase without a wash-out 
pattern. Enhancement during the hepatocyte 
phase using Gd-EOB-DTPA or Gd-BOPTA is a 
characteristic feature of FNH which allows dif-
ferentiating FNH from other benign and malig-
nant tumors of the liver (Yikilmaz et al. 2017)

In 80% of cases, there is a central scar that is 
typically hypointense on T1-weighted MR 
images and hyperintense on T2-weighted MR 
images. This scar enhances during the portal 
venous phase and delayed phases using extracel-
lular contrast agents while it does not enhance 
during the hepatocyte phase using hepatocyte- 
specific contrast agents (Sutherland et al. 2014)

Fibrolamellar carcinoma may also demon-
strate a collagenous central scar (unlike the vas-
cular myxomatous scar of FNH) which is 
hypointense, rather than hyperintense, on 

T2-weighted images and does not enhance on 
delayed images (Fig. 2).

1.4  Nodular Regenerative 
Hyperplasia

Nodular regenerative hyperplasia is a rare disor-
der consisting of a diffuse micronodular transfor-
mation of hepatic parenchyma without 
intervening fibrous septa (Adeyiga et al. 2012).

There is typically no underlying cirrhotic liver 
disease or fibrosis. It occurs in many clinical con-
ditions such as lymphoproliferative disease, auto-
immune disorders, collagen vascular disease, 
portal hypertension, biliary atresia, and Budd- 
Chiari syndrome (Trenschel et al. 2000).

At US, the nodules may be invisible or may 
manifest only as heterogeneous echotexture or 
distortion of normal architecture. If visible, the 
nodules are generally well-circumscribed, homo-
geneous, and hypoechoic but may be hyperechoic 

a b

c d

Fig. 2 10 years old female with a previous history of neu-
roblastoma. MRI shows multiple hypointense polilobu-
lated lesions on T2-weighted images (a) which strongly 

enhance during the arterial phase and early portal venous 
phase (b, c). CE persisting during the hepatobiliary phase 
(d) allows differentiating FNH from metastatic disease

G. Masselli et al.



383

compared with normal liver (Casillas et al. 1997; 
Dachman et al. 1987; Clouet et al. 1999).

On CT, small hepatic nodules may not be 
detected. They usually appear hypodense without 
significant enhancement after contrast injection. 
Sometimes there may be a diffuse or peripheral 
rim-like enhancement.

On MRI, the visible is often homogeneous 
and slightly hyperintense on T1-weighted images 
and variable on T2-weighted images. On fat- 
suppressed T1-weighted images a decreased sig-
nal intensity due to intracellular fat may be 
observed. After intravenous injection of gadolin-
ium contrast material, the nodules may enhance 
preferentially in the portal venous phase like nor-
mal liver parenchyma (Chung et al. 2010)

1.5  Hepatocellular Adenoma

Hepatic adenoma is a rare benign tumor in child-
hood, accounting for 2–4% of all liver tumors. It 
is much more common in adults with a typical 
presentation in healthy young women with a his-
tory of oral contraceptives (Yikilmaz et al. 2017)

In recent years, four distinct subtypes of hepa-
tocellular adenomas have been classified by 
Bordeaux classification: inflammatory adenoma 
(40–50%), hepatocyte nuclear factor-1 alpha- 
mutated adenoma (30–40%), beta-catenin- 
activated adenoma (10–15%), and unclassified 
adenoma (10–25%) (Masand 2018; Van Aalten 
et al. 2011)

US findings of hepatic adenoma are nonspe-
cific and depend on the presence of fat, hemor-
rhage, and necrosis. Lesions with a high lipid 
content or hemorrhage may be hyperechoic to the 
normal liver. On doppler imaging, hepatic ade-
noma may show internal vascularity (Adeyiga 
et al. 2012)

On CT hepatic adenoma is usually hypodense 
because of the fat content; areas of hemorrhage 
appear hyperdense. After iodinated contrast 
injection hepatocellular adenomas demonstrate 
preferentially hepatic arterial enhancement and 
appear isoattenuating in the portal venous and 
delayed phases.

On MRI hepatic adenoma appears isointense 
to slightly hyperintense on T1-weighted 

sequences and hyperintense on T2-weighted 
sequences. There is usually early arterial 
enhancement after intravenous administration of 
gadolinium which becomes isointense to the liver 
on portal venous and delayed phase images 
(especially in inflammatory subtype). The 
enhancement may not continue during the portal 
venous phase and delayed phase in hepatocyte 
nuclear factor 1 alpha mutated type (Pugmire and 
Towbin 2016).

2  Malignant Tumors

Metastatic disease is the most common neoplasm 
affecting children’s liver, especially from neuro-
blastoma, Wilms tumor, or lymphoma. Two- 
thirds of primary liver tumors in the pediatric 
population are malignant, and malignant primary 
hepatic tumors account for 1–2% of all childhood 
cancers (Chung et al. 2011).

The most common malignant tumors in 
decreasing order of frequency are hepatoblas-
toma, hepatocellular carcinoma (HCC), undiffer-
entiated (embryonal) sarcoma (UES), 
angiosarcoma, and embryonal rhabdomyosar-
coma. Epithelioid hemangioendothelioma (EHE) 
may also occur in adolescents (Table  1) (Ishak 
et al. 2001).

2.1  Hepatoblastoma

Hepatoblastoma is the most common malignant 
primary hepatic tumor in childhood. In many 
cases, it occurs in the first 2  years of life and 
causes a rapidly growing abdominal mass, hepa-
tomegaly, pain, anorexia, and weight loss 
(Yikilmaz et al. 2017).

It usually occurs sporadically, but it may be 
associated with Beckwith-Wiedemann syn-
drome, hemihypertrophy, and familial adenoma-
tous polyposis coli (McCarville and Roebuck 
2012; Czauderna et al. 2014).

Serum alpha-fetoprotein levels are elevated in 
up to 90% of children with hepatoblastoma.

Metastatic disease most frequently involves 
the lungs, with pulmonary metastases seen in 
10–20% of cases.
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Histologically, hepatoblastoma is classified 
into the epithelial type and the mixed epithelial 
and mesenchymal type. Epithelial hepatoblasto-
mas typically demonstrate a homogeneous 
appearance, while mixed epithelial and mesen-
chymal tumors appear more heterogeneous.

The appropriate initial diagnostic imaging in a 
patient with palpable abdominal mass is abdomi-
nal ultrasound (US). On US hepatoblastoma 
appears well-defined, lobulated, heterogeneous, 
and mildly echogenic masses. Calcifications, 
hemorrhage, and necrosis may be detected 
(Baheti et al. 2018)

On CT hepatoblastoma appears as a sharply 
circumscribed mass, slightly hypoattenuating on 
unenhanced and contrast-enhanced images. 
Epithelial hepatoblastomas are more homoge-
neous than a mixed tumor. About one-half of 
hepatoblastomas appear lobulated or septated, 
especially on contrast-enhanced images. After 
contrast injection hepatoblastoma enhances 
slightly, less than the adjacent liver. In the arterial 
phase, it may present peripherical or septal 
enhancement (Chung et al. 2011)

On MRI hepatoblastoma can be unifocal or 
multifocal and typically appears hypointense on 
T1-weighted images, heterogeneously hyperin-
tense on T2-weighted images, with variable char-
acteristics based on the degree of bleeding and 
necrosis. After gadolinium injection, it enhances 
heterogeneously with possible areas of early 
washout from arteriovenous shunting. On the 
diffusion-weighted sequence (DWI), hepatoblas-
toma shows intense diffusion restriction (Masand 
2018) (Figs. 3 and 4).

The International Childhood Liver Tumor 
Strategy Group (SIOPEL) designed the 
Pretreatment Assessment of Tumor Extension 
(PRETEXT) system for staging and risk stratifi-
cation in liver tumors, particularly hepatoblas-
toma and HCC.

The PRETEXT system is made of two compo-
nents: the PRETEXT group and the annotation 
factors. The PRETEXT group describes the extent 
of a tumor within the liver and is based on deter-
mining the number of contiguous tumor- free liver 
sections. The annotation factors help to describe 
associated features such as vascular involvement 

(either portal vein or hepatic vein/inferior vena 
cava), extrahepatic disease, multifocality, tumor 
rupture, and metastatic disease (to both the lungs 
and lymph nodes) (Towbin et al. 2018)

CT is the gold standard for evaluating pulmo-
nary metastatic disease in children. MRI of the 
lungs is not yet considered sufficiently sensitive 
to identify small pulmonary nodules, the detec-
tion of which would impact the outcome. 18F- 
FDG PET/CT has no role in hepatoblastoma 
staging, although it.

might be useful in select cases of suspected 
relapse when AFP levels are elevated but no site 
of disease is revealed by conventional imaging 
(Voss 2018; Cistaro et al. 2013)

The main differential diagnosis includes 
infantile hemangioendothelioma, which occurs 
almost exclusively in children under 1 year of age 
and may also contain calcifications, but more fine 
and granular, with a high enhancement, more 
than adjacent liver, and mesenchymal hamartoma 
of the liver that manifests in the same age group 
as hepatoblastoma but presents normal serum 
AFP levels and is usually predominantly cystic 
(Chung et al. 2011) (Fig. 5).

2.2  Hepatocellular Carcinoma 
(HCC)

HCC is the most common primary hepatic malig-
nancy in adolescence and the second most com-
mon primary pediatric malignancy of the liver. 
Pediatric HCC differs from adult-type because 
preexisting liver disease is seen in only 30–50% 
of pediatric patients (Shelmerdine et al. 2016)

Serum alpha-fetoprotein levels are elevated in 
55–65% of the cases. Affected children usually 
present with an abdominal mass, constitutional 
symptoms, and abdominal pain (Murawski et al. 
2016)

The most predisposing factors are biliary atre-
sia, cholestatic syndromes, hemochromatosis, 
hereditary tyrosinemia, glycogen storage disor-
ders, Wilson’s disease, and hepatitis B infection.

On US, HCC is variable: smaller HCCs are 
predominantly hypoechoic to normal liver, 
although they may be isoechoic or hyperechoic 
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while larger lesions may be more heterogeneous 
with hyperechoic areas representing fat or acute 
hemorrhage and anechoic areas due to necrosis 

or old hemorrhage. Infiltrative HCC may appear 
as a diffuse disruption of the normal liver echotex-
ture (Helmberger et al. 1999)

Fig. 3 Hepatoblastoma in a 5 years old male who pre-
sented with an abdominal mass, abdominal pain, and 
weight loss. US shows a well-defined solid mild echo-
genic mass (a) with a poor vascular spot on color-doppler 
(b). On CT the mass appears slightly hypoattenuating on 
unenhanced (c) and contrast-enhanced images (d, e), with 

areas of necrosis on venous phase (e). On MRI it appears 
iso-slightly iperintense on T2 coronal image (f) with a 
mild restriction on DWI (g) and shows poor contrast 
enhancement after gadolinium injection (h). Surgery 
specimen confirmed the diagnosis of hepatoblastoma (i)

a b

c d
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On CT, the mass is usually hypodense or 
isodense with well-defined or ill-defined margins 
and calcifications in 40% of HCC. After contrast 
injection, HCC presents early arterial enhance-
ment with rapid wash-out. In delayed phases, it 
can present a peripherical capsule. CT is the gold 
standard for identifying vascular invasion and 
metastatic disease. Enlarged metastatic lymph 
nodes are seen at the porta hepatis in more than 
50% of children’s HCC. The most common met-
astatic disease spreads to the lungs, mediastinum, 
skeleton, and brain. Segmental liver involvement, 
vascular invasion, and distant metastatic spread 
are determinants of upfront resectability and are 
evaluated in PRETEXT, a radiologic staging 
 system for primary hepatic malignancies of 
childhood (Yikilmaz et al. 2017; Jha et al. 2009)

On MRI, hepatocellular carcinoma is hetero-
geneously hyperintense on the T2-weighted 
sequences, hypointense on T1-weighted 

sequences and presents intense diffusion restric-
tion on the diffusion-weighted sequence. On 
dynamic phases, HCC enhances heterogeneously 
on the arterial phase and shows washout on the 
portal venous phase because of arteriovenous 
shunting. Hemorrhagic areas present bright sig-
nals on the pre-contrast T1-weighted sequences 
while calcification or hemosiderin manifests as 
focal areas of susceptibility on the gradient 
recalled echo sequences. Tumor thrombus in the 
portal or hepatic veins enhances on the post- 
contrast T1-weighted images (Masand 2018).

2.3  Fibrolamellar Carcinoma

Fibrolamellar carcinoma is a rare variant of HCC, 
which primarily affects adolescents and young 
adults that occurs without predisposing factors 
such as cirrhosis or viral hepatitis.
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The tumor appears as a large, circumscribed, 
and nonencapsulated mass in 80–90% of cases 
(Levy 2002).

On US fibrolamellar carcinoma is heteroge-
neous, associated calcification may be seen as 
hyperechoic foci with posterior acoustic shadow-

ing. A central scar appears as a hyperechoic focus 
(Yikilmaz et al. 2017)

On CT fibrolamellar carcinoma presents well- 
defined lobulated margins, it’s hypoattenuating 
relative to the adjacent liver, frequently with a 
central scar with or without calcifications. After 

a b

c d

e

Fig. 4 One-year-old male patient with hepatoblastoma. CT shows a solid mass with coarse calcifications and poor 
contrast-enhancement after MDC (a, b, c). On MRI the mass appears slightly hypointense on T1 (d) and T2 (e) images
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Fig. 5 5 years old male who presented with an abdominal 
palpable mass. US shows a polilobulated ipoechoic solid 
mass (a) with high peri- and intralesional vascular signal 
(b). On contrast-enhanced CT, it appears slightly ipodense 
with some intralesional vessels and small necrosis foci (c, 
d). MRI demonstrates a slightly hyperintense mass on 
T2-weighted images (e), with intense diffusion restriction 

on DWI images (f). On multiphase images, it appears 
slightly hypointense to the adjacent liver (g, h) and 
remarkably hypointense on epatobiliary phase (i). This 
lesion was first considered by radiologists as a hepato-
blastoma but on surgical treatment, pathology revealed an 
inflammatory pseudotumor- like follicular dendritic cell 
sarcoma (FDC), a very rare low-grade sarcoma

a

b c

d
e
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contrast administration, the tumor is hyperattenu-
ating relative to the adjacent liver in the arterial 
phase with variable attenuation in the portal 
venous phase.

On MRI, the lesion is usually isointense or 
hypointense on T1-weighted MR images and 
hyperintense on T2-weighted MR images, and on 
dynamic phases, it shows avid contrast 
enhancement during the arterial phase with vari-
able enhancement during the portal venous phase. 
The central scar is usually hypointense on both 
T1-weighted and T2-weighted MR without 
enhancement on dynamic phases not enhance 
unlike the scar of FNH (Smith et al. 2008)

2.4  Undifferentiated Embryonal 
Sarcoma (UES)

Undifferentiated embryonal sarcoma (UES) is 
the third most common hepatic malignancy of 

mesenchymal origin, accounting for 6% of all 
pediatric liver tumors and 10–15% of all malig-
nant pediatric liver tumors and typically occurs in 
children 6–10 years of age. Serum AFP level is 
normal in UES.

On US, it appears as a large heterogeneous 
solid mass (>10  cm at diagnosis). While UES 
appears solid on US, paradoxically, it shows cys-
tic aspect on CT and MR imaging because of its 
myxoid stroma which is a similar imaging fea-
ture of myxoid sarcoma and synovial sarcoma 
(Yikilmaz et al. 2017)

On CT, UES shows water attenuation (because 
of myxoid stroma) with soft tissue components, 
especially on the periphery of forming septa. A 
dense pseudocapsule with peripherical enhance-
ment or hemorrhagic foci may be observed. 
After intravenous administration of iodinated 
contrast material, predominantly peripheral 
enhancement is noted on delayed images 
(Buetow et al. 1997)
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On MRI, undifferentiated embryonal sarcoma 
appears as a large mixed solid and multicystic 
mass with central necrosis and areas of hemor-
rhage that present hyperintense T1-weighted sig-
nal. The cystic components have hypointense 
T1-weighted and hyperintense T2-weighted sig-
nal while the solid components show iso- to 
hypointense T1-weighted and heterogeneously 
hyperintense T2-weighted signal intensity. A T1- 
and T2-weighted hypointense pseudocapsule 
may be seen around the tumor. Post-contrast 
sequences demonstrate heterogeneous enhance-
ment, usually peripherally and within the solid 
components of the mass (Masand 2018).

2.5  Epithelioid 
Hemangioendothelioma

Epithelioid hemangioendothelioma is an epithe-
lial liver tumor classified under the category of 
malignant vascular tumors in the latest ISSVA 
classification (ISSVA 2014).

Epithelioid hemangioendothelioma occurs 
almost exclusively in young adults and appears, 
on imaging, as multiple discrete nodules ranging 
from 0.5 cm to 12 cm, or as confluent coalescent 
masses. Peripheral lesions may cause retraction 
of the liver capsule in up to 69% of the cases 
(Yikilmaz et al. 2017)

On US, epithelioid hemangioendothelioma 
may appear as individual nodules, confluent nod-
ules, or diffusely heterogeneous echotexture of 
the liver. Nodules usually appear hypoechoic 
because of central myxoid stroma, but they may 
appear hyperechoic with or without a hypoechoic 
rim or isocheoic with a hypoechoic halo 
(Makhlouf et al. 1999; Miller et al. 1992; Buetow 
et al. 1994; Lyburn et al. 2003)

On CT, epithelioid hemangioendothelioma 
presents central hypodensity without contrast 
enhancement because of the presence of myxoid 
and hyalinized stroma or necrosis. It shows 
peripheral enhancement during the arterial phase 
with possible progressive centripetal enhance-
ment during the portal venous and delayed 
phases; residual non-enhancing areas may persist 
(Yikilmaz et al. 2017)

ON MRI epithelioid hemangioendotheli-
oma appears hypointense to the liver on 
T1-weighted images, with a possible more 
hypointense central portion, and heteroge-
neously hyperintense on T2-weighted images 
with a more hyperintense central portion. After 
contrast administration, there is a typical 
peripheral enhancement, although very large 
lesions may show more heterogeneous 
enhancement (Chung et al. 2011)

Fluorine 18 (18F) fluorodeoxyglucose posi-
tron emission tomography (PET) demonstrates 
moderate to intense uptake in the tumors and may 
demonstrate the involvement of adjacent lymph 
nodes and extrahepatic sites (Nguyen 2004).

2.6  Angiosarcoma

Angiosarcoma is a high-grade malignant tumor 
of the liver that is derived from endothelial cells, 
which occurs rarely in children. The mean pre-
senting age is 3 years and the prognosis is poor.

Angiosarcoma may present multiple nodules 
or a large dominant mass or a mixture of a domi-
nant mass and multiple nodules and, least com-
monly, diffuse micronodular infiltration of the 
liver (Koyama et al. 2002)

On US, angiosarcoma may appear as multiple 
nodules, a large mass, or both or diffuse hetero-
geneous echotexture of the entire liver. The echo-
genicity of the nodules depends on hemorrhagic 
or necrotic change.

On CT, lesions are usually hypoattenuating 
relative to the liver on arterial and venous phase 
images with foci of early heterogeneous, occa-
sionally central enhancement or ring enhance-
ment. On delayed images, persistent enhancement 
is observed without centripetal fill-in.

On MRI, angiosarcoma presents as a large 
mass hypointense on T1-weighted images and 
heterogeneously hyperintense on T2-weighted 
images and shows disorganized enhancement 
secondary to random vessel distribution on arte-
rial phase imaging. On dynamic it presents mark-
edly heterogeneous enhancement, which is 
progressive on the delayed phase, without central 
fill-in (Chung et al. 2011)
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18F fluorodeoxyglucose PET/CT may demon-
strate marked uptake in the liver tumors and can 
be helpful in  localizing extrahepatic disease 
(Maeda et al. 2007)

2.7  Embryonal 
Rhabdomyosarcoma

Embryonal rhabdomyosarcoma is the only malig-
nant tumor that arises in the biliary tree in chil-
dren. It typically presents under the age of 5 years 
of age with jaundice, abdominal pain, nausea, 
vomiting, and fever.

The tumor usually involves major extrahepatic 
bile ducts but may originate in or grow into intra-
hepatic biliary ducts and invade the liver and 
causes biliary duct dilatation.

Biliary rhabdomyosarcoma typically shows 
an intraductal growth pattern and appears on US 
as a hypoechoic intraductal mass causing biliary 
duct dilatation (Kirli et al. 2012)

On CT, rhabdomyosarcoma appears as a het-
erogeneous mass filling the biliary tree with a 
grape-like or branching pattern, which shows 
variable enhancement after contrast administra-
tion (Yikilmaz et al. 2017)

On MRI, rhabdomyosarcoma presents T1 
hypointense and T2 hyperintense signal or pre-
dominantly fluid-intensity signal and appears as a 
mass in the common duct or biliary radicals or a 
heterogeneous intrahepatic mass with large fluid- 
intensity areas. On CPRM it may appear as a par-
tially cystic lesion in the common bile duct and 
as a mass adjacent to the duct that causes mural 
irregularity (Spunt et  al. 2000; Kitagawa and 
Aida 2007; Lopez-Terrada and Finegold 2014; 
Nemade et al. 2007).

3  Conclusions

Imaging should aim to clarify the presence of a 
lesion, the likelihood of malignancy and potential 
for complete surgical resection.

US is the initial investigation modality of 
choice. Both CT and MRI may be used for evalu-
ating the extent of the tumor for further evalua-

tion, to acquire additional information for 
differential diagnoses and to diagnose metastases 
to lung, lymph nodes or bone. CT requires less or 
no anesthesia due to faster scan times.

MRI has the advantage over CT of the absence 
of radiation exposure and the usage of mixed 
hepatocyte specific/extracellular contrast agents 
allows for better lesion characterisation and loca-
tion, particularly with respect to the biliary 
system.
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Abstract
Traditionally, imaging of focal and diffuse 
liver diseases has relied on morphological 
assessment on ultrasound, CT and 
MRI.  However, morphological changes 
detectable on conventional imaging may be 
insensitive to early disease or therapeutic 
effects. For this reason, functional imaging 
techniques are increasingly used to evaluate 
liver diseases. The most widely investigated 
functional measurements include perfusion 
imaging (CT and MRI), diffusion-weighted 
MRI, MR elastography and quantitative 
T1-weighted gadoxetate-enhanced MRI of the 
liver. These techniques are used to improve 
disease detection, assess therapeutic effects 
and also evaluate liver function. The technical 
implementation, clinical utility and evidence 
for their deployment are discussed in this 
chapter.

1  Introduction

The liver is a large, richly vascularised, solid 
organ that is easily accessible to various imaging 
modalities such as ultrasonography (US), com-
puted tomography (CT), magnetic resonance 
(MR) and positron emission tomography (PET) 
for detection, characterisation and monitoring of 
diffuse and focal hepatic diseases. Morphological 
imaging remains the cornerstone for radiological 
assessment of the liver, although functional imag-
ing techniques are being increasingly deployed. 
Functional imaging techniques can reflect liver 
pathophysiology and allows quantitative mea-
surements to be made, which are used to quantify 
changes associated with disease states. Studies 
have shown that functional imaging techniques 
can aid early disease detection, characterise dis-
ease behaviour, provide an early assessment of 
therapeutic effects or yield insights into disease 
prognosis.

In this chapter, we survey the functional imag-
ing techniques that can be applied towards the 
assessment of both focal and diffuse liver dis-
eases. A comprehensive survey of all functional 
liver imaging techniques is beyond the scope of 

this chapter. Hence, we focus our discussion on 
the use of functional imaging to study liver perfu-
sion, tissue cellularity and microstructural organ-
isation, liver stiffness and hepatocyte function. 
The clinical utility and limitations of these tech-
niques is discussed, together with the evolving 
developments in the field.

2  Functional Imaging 
Techniques in the Liver

Functional CT, MRI and molecular imaging 
techniques can be applied to evaluate the liver. 
The most widely investigated functional CT 
technique is perfusion CT, which requires rapid 
and repeated scanning of the liver following 
intravenous contrast administration. This 
allows parameters that reflect blood flow in the 
liver to be derived. As CT perfusion studies can 
result in significant radiation burden, its adop-
tion has been limited to clinical trials and spe-
cialised centsres. Some investigators regard the 
use of dual-energy CT image acquisition as a 
functional imaging technique, as data acquired 
using x-rays of different energies can be used to 
derive quantitative information, such as tissue 
iodine concentration following intravenous 
contrast injection, which is linked to tissue 
perfusion.

MRI is the most versatile functional liver tech-
nique for the liver, as different image acquisition 
techniques can be used to derive specific mea-
surement parameters, each reflecting a different 
aspect of liver pathophysiology. Using dynamic 
contrast-enhanced MRI, perfusion MRI is per-
formed, which is used to characterise blood flow 
in liver tumours and their response to treatment. 
Intrinsic susceptibility MRI (IS-MRI) can pro-
vide insights into tumour blood volume and tis-
sue oxygenation, although the technique is not 
often applied in the liver. By contrast, diffusion- 
weighted imaging (DWI) is now widely used in 
the liver to study tissue cellularity and micro-
structural organisation. In clinical practice, DWI 
is most often used to highlight cellular disease 
from the rest of the normal liver parenchyma, 
without the need for exogenous contrast 
administration. The use of DWI has significantly 
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enhanced the clinical diagnostic confidence for 
the detection of focal liver lesions and is a key 
sequence in emerging abbreviated liver imaging 
protocols, which aims to accelerate liver MR 
imaging without compromising diagnostic per-
formance. MR elastography, which is used to 
measure liver stiffness, is a useful technique to 
assess for liver fibrosis and cirrhosis. The adop-
tion of MR elastography requires hardware 
investment, which means that it is not often avail-
able beyond specialist liver centres, where there 
is a significant caseload to justify its deployment. 
More recently, there has been significant interest 
in the use of MRI to assess hepatic function. To 
achieve this, MR imaging is performed following 
the injection of a hepatocyte selective contrast 
medium, and temporal changes in the quantita-

tive T1 relaxation time is used to estimate the 
hepatocyte function.

For molecular imaging, the most widely used 
radiotracer remains as 18F-deoxyglucose (18F- 
FDG), which is widely used in the cancer setting 
to detect hypermetabolic tumours; and to monitor 
their response to treatment. However, other 
molecular tracers, such as Ga68-DOTATAE and 
18F-choline, have also their utility in a specific 
context, the former for the assessment of neuro-
endocrine liver metastases; and the latter for the 
assessment of liver tumours (e.g. hepatocellular 
carcinoma). Further discussion of molecular 
imaging techniques for liver assessment is 
beyond the scope of this chapter. The commonly 
used functional imaging techniques used to 
assess the liver are summarised in Table 1.

Table 1 Functional imaging techniques for liver imaging

Imaging Technique Biological correlates Examples of measurement parameters
CT
Perfusion CT Blood flow, vascular 

permeability, microvessel 
density

Non-quantitative: Shape of the enhancement curve
Semiquantitative: Hepatic perfusion index, time to 
peak, slope of enhancement, area under the curve
Quantitative: Blood flow, vascular permeability, 
relative hepatic artery and portal vein blood flow, 
extracellular volume

MRI
Perfusion MRI Blood flow, vascular 

permeability, microvessel 
density,

Non-quantitative: Shape of the enhancement curve
Semiquantitative: Hepatic perfusion index, time to 
peak, slope of enhancement
Quantitative: Blood flow, vascular permeability, 
relative arterial and portal vein blood flow, 
extracellular volume

Intrinsic susceptibility MRI Blood volume, tissue 
oxygenation

Blood volume, T2* relaxivity

Diffusion- weighted MRI Tissue cellularity, 
extracellular space 
tortuosity, microstructural 
organisation, fluid viscosity

Monoexponential model: Apparent diffusion 
coefficient (ADC)
Non- monoexponential models: Intravoxel 
incoherent motion: Perfusion fraction, 
pseudodiffusion coefficient, diffusion coefficient
Diffusion kurtosis: Kurtosis, diffusion coefficient

MR elastography Tissue stiffness, tissue 
elasticity

Shear stiffness

Fat and water quantification Intravoxel fat and iron Percentage of fat and iron in the liver
Change in T1 relaxivity of the 
liver after hepatocyte selective 
contrast medium

Hepatocellular function Change in T1 relaxation time, hepatocyte 
extraction ratio

Molecular imaging
18F-FDG PET Glucose metabolism Standardised uptake values
18F-choline PET Cellular membrane turnover Standardised uptake values
68Ga-DOTATE PET Expression of somatostatin 

receptor 2
Standardised uptake values
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3  Assessing Liver Perfusion

3.1  Background Considerations

Imaging liver perfusion can be a challenging task 
because the liver has a unique dual vascular sup-
ply with approximately 25% of hepatic blood flow 
originating from the hepatic artery and 75% from 
the portal vein (Chiandussi et  al. 1968). Both 
these afferent vascular systems communicate with 
each other through trans-sinusoidal and transvasal 
network and the peribiliary plexuses. The aim of 
perfusion imaging is to non-invasively obtain 
information on normal and pathologic hepatic 
microcirculation and to identify possible imaging 
biomarkers reflecting the underlying physiology/
physiopathology that aids the detection and char-
acterisation of pathological conditions and for 
predicting and monitoring response to treatment.

When primary tumours or metastatic deposits 
are present within the liver, they will lead to 
hemodynamic changes of the hepatic blood flow 
that can be detected by perfusion imaging. These 
changes are related to tumour neo- vascularisation 
which represents a key factor for tumour growth, 
progression and metastasis. Tumour neo- 
vascularisation is a complex process that is 
induced and mediated by tumour and host-related 
factors responsible for increased vessel density 
consisting of new non-endothelialised highly 
leaky capillaries and arteriovenous shunts 
(Dvorak et al. 1995; Lee et al. 2003). However, 
neo-vascularisation also means that tumours in 
the liver derive their blood supply predominantly 
from the hepatic artery rather than the portal vein. 
Tumours with high vascularity also show more 
aggressive behaviour and are associated with 
worse disease outcomes (Henderson et al. 2003).

Ideally, the following requirements should be 
considered when performing liver perfusion 
using imaging modalities: high temporal and spa-
tial resolution images to correctly identify the 
kinetic properties of the tracer; accurate quantifi-
cation of global or regional arterial and portal 
perfusion; calculation of tracer concentrations for 
an accurate quantitative study; robust modelling 
of liver perfusion physiology; and whole-liver 
coverage.

3.2  Computed Tomography 
Perfusion Imaging

The general principle of computed tomography 
perfusion imaging (CTPI) is based on monitoring 
changes of iodinated contrast agent concentration 
in the hepatic blood vessels and tissue as a func-
tion of time following intravenous injection. 
These contrast agent concentrations are linearly 
proportional to the CT attenuation changes within 
the vascular structures and the tissue expressed in 
Hounsfield units (Axel 1980). Therefore, tempo-
ral changes in attenuation can be analysed to pro-
vide several parameters that reflect the underlying 
vascular and tissue physiology/physiopathology.

The vascular and tissue attenuation curves 
versus time are obtained by placing a region of 
interest (ROI) respectively on the hepatic artery 
(or abdominal aorta), the portal vein and the tis-
sue/lesion being analysed, on the dynamic CT 
images acquired with high temporal resolution 
(e.g. 1 image/sec for the first pass of contrast 
agent in the tissue) before, during and after the 
intravenous administration of an iodinated con-
trast agent using a power injector. In the presence 
of image misregistration, mainly due to respira-
tory motion, the use of motion correction tools is 
recommended (Miles et  al. 2012). From these 
contrast concentration-time curves, CTPI param-
eters can be calculated using either a model-free 
or a model-based approach (Kim et al. 2014).

In the model-free approach, only the perfusion 
phase (first-pass of contrast material) is taken 
into account which allows calculation of the 
hepatic arterial and portal venous perfusion 
(PVP) and the hepatic perfusion index (HPI) 
(Miles et  al. 1993). The model-based approach 
has moved towards a dual-input, dual compart-
ment pharmacokinetic model, provided that there 
is good data support for such analysis. The dual- 
input model respects the dual vascular supply of 
the liver from the hepatic artery and the portal 
vein. However, when evaluating hepatic metasta-
ses or hepatocellular carcinoma (HCC), which 
are known to be predominantly supplied by the 
arterial network, a single-input model may be 
considered, given that the portal venous supply is 
typically very small.
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A dual-compartment model assumes that the 
contrast agent is distributed between two com-
partments, the vascular space and the 
extravascular- extracellular space (EES), that is, 
interstitial space. In the normal liver, a single- 
compartment model could be considered, assum-
ing that the interstitial space (space of Disse) 
communicates freely with the sinusoids through 
large fenestration. However, this assumption is 
not true for the diseased liver (Materne et  al. 
2000). For example, in liver fibrosis, the deposi-
tion of collagen causes an alteration in the sinu-
soidal architecture (loss of fenestration) and 
increases resistance to the sinusoidal flow, 
requiring a dual compartment model to 
describe the regional microcirculatory alterations 
(Pandharipande et al. 2005).

The model-based approach allows the calcula-
tion of quantitative parameters besides arterial 
and portal liver perfusion and hepatic perfusion 
index (HPI), such as regional blood flow (BF, 
blood flow per unit volume/mass of tissue), 

regional blood volume (BV, a fraction of tissue 
that consists of flowing blood), mean transit time 
(MTT, averaged time for blood to traverse the tis-
sue vasculature), permeability surface area prod-
uct (PS, reflecting the diffusion of contrast agent 
across the capillary endothelium and the surface 
area of the endothelium) (Miles et al. 2012; Kim 
et al. 2014) (Fig. 1).

The use of such quantitative parameters as 
imaging biomarkers in longitudinal studies 
requires an important prerequisite which is the 
estimation of the measurement repeatability/repro-
ducibility, which reflects the consistency of the 
acquisition technique, image post-processing and 
the data analysis (Bretas et al. 2017). The reported 
coefficient of variations from previous pre-clinical 
and clinical studies is less than 5% for perfusion 
measurements suggesting that this technique can 
provide robust quantitative parameters (Sahani 
et al. 2007; Kan et al. 2005; Stewart et al. 2008).

The disadvantages of liver CTPI include lim-
ited anatomical coverage and high radiation dose. 
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Fig. 1 A middle-age man with hepatocellular carcinoma 
in the right lobe of the liver underwent perfusion CT 
imaging. Parametric maps are generated using a dual- 
input, dual-compartment, distributed-parameter tracer 

kinetic model showing F (blood flow), PS (permeability–
surface area product), E (extraction fraction), fractional 
intravascular volume (fBV), fractional interstitial volume 
(fIV) and mean transit time (MTT)
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For this reason, dual-energy CT has been sug-
gested as a potential surrogate for perfusion 
information. In comparative studies performed in 
patients with HCC, the quantitative parameter of 
iodine density determined at dual-energy CT 
showed good correlation with CTPI derived per-
fusion parameters (Gordic et al. 2016; Mule et al. 
2018). Indeed, the advantage of dual-energy CT 
is the substantially lower radiation dose when 
compared to CTPI; however the disadvantage is 
that acquisition is usually obtained in a single 
phase, and the lack of information regarding 
lesion/tissue temporal and peak enhancement can 
lead to inaccurate results (Gordic et al. 2016).

3.2.1  Clinical Application
Since the first reports in the early 1990s on the 
usefulness of CTPI in the liver, there has been a 
wide interest, especially in oncology, for disease 
detection and characterisation, tumour staging, 
identification of prognostic biomarkers for 
patient outcome, assessment of treatment effi-
cacy and in pharmacodynamic evaluation for 
anti-cancer agent development.

3.2.1.1 Focal Liver Lesions
In patients with chronic liver disease and at high 
risk for HCC, imaging is used to detect and char-
acterise small hepatic nodules (< 2  cm). 
Increased arterialisation of early HCC can be 
detected by contrast-enhanced imaging, which 
contributes to the differentiating between benign/
premalignant and malignant nodules. The over-
all sensitivity of detecting HCC nodules using 
multiphase CT has been reported between 
54-87%, and this decreases to 45-57% for nod-
ules less than 2 cm. By using CTPI to quantify 
lesion arterial and portal perfusion, a higher 
detection rate of 92-98% has been reported 
(Fischer et al. 2015).

During carcinogenesis, an increase in the 
hepatic arterial perfusion and HPI, together with 
a decrease hepatic venous perfusion are signs of 
malignant transformation of dysplastic nodules 
into HCC (Matsui et  al. 2011; Ippolito et  al. 
2012). A sensitivity of 100% using a cut off of 
≥99% HPI and a specificity of 100% using a cut 
off of ≥85% HPI for the diagnosis of HCC have 

been reported (Fischer et al. 2015). The BF, BV 
and MTT also have prognostic value in patients 
with HCC: tumour with high BF and BV and low 
MTT, suggesting high vascularity and extensive 
arteriovenous shunts, are associated with poorer 
prognosis (Jiang et al. 2012; Petralia et al. 2011).

In livers with occult micro-metastases, 
increased hepatic arterial perfusion and HPI and 
decreased PVP have been observed due to the 
hemodynamic changes secondary to the forma-
tion of new, unpaired arterial vessels. These 
observations reported in both pre-clinical and 
clinical studies suggest that CTPI may be used 
to predict the presence of micro-metastases in 
patients at a high risk in whom conventional 
imaging modality may have limited diagnostic 
sensitivity because of the lack of associated 
morphologic changes (Tsushima et  al. 2001; 
Cuenod et al. 2001). Indeed, early detection of 
liver metastasis can have important implications 
for treatment management and patient 
prognosis.

Several studies have investigated the use of 
CTPI for characterising focal hepatic lesions 
based on their perfusion properties. Hepatic 
metastases from colorectal cancer, for example, 
which receive their vascular supply principally 
through the arterial network, show an increased 
hepatic arterial perfusion and decreased portal 
venous perfusion at CTPI (Reiner et  al. 2012). 
Hepatic metastases from neuroendocrine tumours 
demonstrate significantly higher HPI, BF, BV, 
PS, and significantly shorter MTT compared 
with the non-tumoural liver parenchyma 
(Guyennon et al. 2010). Moreover, there is anec-
dotal evidence that CTPI parameters such as 
increased HPI or decreased portal vein perfusion 
may confer a poor prognostic in patients with 
colorectal liver metastases although this requires 
further validation (Leggett et  al. 1997; Miles 
et al. 1998).

Another application for CTPI is for the evalu-
ation of treatment efficacy. Vascular targeting 
anti-cancer agents used in combination with con-
ventional systemic treatment or as monotherapy, 
in several tumour types. These drugs arrest 
tumour progression by inhibiting vascular forma-
tion thus inducing a cytostatic more than a cyto-
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toxic effect and as a consequence, there may be 
minimal morphologic or size measurement 
changes. Recent studies showed a significant 
reduction in the BF and BV and increased MTT 
in responders to therapy without significant size, 
in both the pre-clinical and clinical setting, sug-
gesting that these parameters could be considered 
for monitoring treatment response and also as 
potential early predictive biomarkers of response 
(Ren et al. 2012; Ng et al. 2011; Yang et al. 2012; 
Ng et al. 2018). In both hepatic metastases and 
HCC nodules treated with radiofrequency abla-
tion (RF), a decrease of HPI of more than 73% in 
the central necrotic zone and more than 76% in 
the transitional zone assessed 24 h after RF was 
associated with a complete response with an 
AUC of 0.911 (Marquez et  al. 2017). Although 
highly promising, CTPI quantitative parameters 
cannot yet be used to direct patient management 
as further validation needs to be acquired from 
large and multicentric prospective studies (Kim 
et al. 2014).

3.2.1.2 Diffuse Liver Disease
Liver fibrosis is a diffuse cicatrisation process 
related to chronic liver damage, which can be 
induced by viral, genetic, metabolic and autoim-
mune aetiologies. The severity of liver damage is 
based on the histological analysis of the necroin-
flammatory activity present on liver biopsy speci-
mens and is graded from A0 (absent) to A3 
(severe), as well as fibrosis graded from F0 
(absent) to F4 (cirrhosis) (Bedossa and Poynard 
1996). Cirrhosis represents the end-stage of liver 
fibrosis progression and is a predisposing condi-
tion for liver failure and increases the risk for 
HCC (Schuppan and Afdhal 2008).

Important microcirculatory changes occur in 
liver fibrosis and cirrhosis. There is increased 
intrahepatic vascular resistance with a secondary 
decrease in portal venous inflow compensated by 
an increased arterial inflow (Lautt 1985; 
Tsushima et al. 1999). Hence, CTPI can be used 
to increased hepatic arterial perfusion and 
decreased portal venous perfusion, together with 
reduced total liver perfusion associated with cir-
rhosis (Miles et  al. 1993; Materne et  al. 2000; 
Van Beers et  al. 2001). Moreover, for discrimi-

nating minimal (F1) from the intermediate stage 
of fibrosis (>F2), the MTT was found to be dis-
criminatory in this setting (Ronot et al. 2010).

3.3  Dynamic Contrast-Enhanced 
MR Imaging (DCE-MRI)

Perfusion imaging can be undertaken using CT 
and MRI.  For hepatic MR perfusion, several 
techniques may be deployed. Typically, intrave-
nous contrast is administered for DCE-MRI and 
T1-weighted sequences are used to track the pas-
sage of gadolinium contrast media through tis-
sues. However, there are also non-contrast 
techniques. Intra-voxel incoherent motion 
(IVIM) applies diffusion-sensitising magnetic 
field gradients to the MR imaging sequence, 
which does not require contrast agent administra-
tion. Likewise, the arterial spin labelling tech-
nique is based on observing magnetically labelled 
proximal endogenous water in arterial blood, as 
this water freely diffuses into the tissue.

Compared with CTPI, DCE-MRI has several 
advantages including the lack of radiation, higher 
contrast-to-noise ratios and multiparametric 
capabilities. DCE-MR imaging can provide 
information on the microcirculatory characteris-
tics of the tissue by probing low molecular weight 
gadolinium (gd)-based contrast agents, as they 
leak from the vascular space into the extravascu-
lar extracellular space (EES) and is then elimi-
nated by the kidneys. As the contrast agent 
transits through the tissue, changes in T1 signal 
are observed.

Semi-quantitative parameters can be extracted 
from the signal intensity-time curve and include 
area under the curve (AUC) which provides the 
amount of enhancement over a defined period, 
the peak enhancement ratio, time to peak, steep-
est slope and the mean transient time (MTT) 
(Evelhoch 1999). This approach although 
straightforward has a number of limitations: the 
calculated parameters do not accurately reflect 
contrast agent concentration in the tissue, they 
are highly dependent on the imaging acquisition 
protocols and the scanner properties and they 
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provide no insight into the underlying physiology 
(Padhani 2002; Yankeelov and Gore 2009).

Conversion of signal intensity (SI) changes 
versus time into contrast agent concentration 
changes versus time curves allows the use of 
tracer kinetic modelling and the calculation of 
microcirculatory quantitative parameters. The 
general approach to model the changes of 
Gd-based contrast agent concentration is similar 
to that developed for the diffusible tracer. Since 
these contrast agents do not penetrate the cells, 
the exchange occurs between the vascular com-
partment and the interstitial space (EES). Hence, 
changes in the tissue of contrast agent concentra-
tion are given by combining the changes in the 
EES and the changes in the plasma concentra-
tion, namely the arterial (vascular) input function 
(AIF) (Tofts 1997).

There are some technical requirements that 
should be considered and respected when apply-
ing DCE-MR to investigate the liver/lesion perfu-
sion that includes robust acquisition techniques 
using high temporal resolution, estimation of gd- 
based contrast agent concentration using 
 multiples flip angles techniques and measuring 
both the arterial and the venous vascular inputs 
since, as said previously, the liver is supplied by 
the hepatic artery and the portal vein (Buckley 
2002). To obtain high temporal resolution images 
(<3  s) of the liver, three-dimensional gradient-
echo weighted sequences are most commonly 
used. However, more recently there is increased 
interest in motion-resistant sequences (i.e. 
Radial- VIBE or CAIPIRINHA-VIBE) which 
may provide high-quality images from free-
breathing sequences. Low molecular weight 
(<1000 Da) chelates of gadolinium that exchange 
relatively fast with the interstitial space should be 
administered using a power injector to assure the 
reproducibility of the injection.

As for CTPI, from a modelling perspective, a 
dual-input function (dual-AIF) should be con-
sidered for the liver as the tracer input into the 
model will come from both the hepatic artery 
and the portal vein (Materne et  al. 2002). By 
doing so, the use of a more complex modelling 
approach such as dual-input, dual-compartment 
and distributed parameter model can be applied 

(46). The following quantitative parameters can 
be obtained using a dual vascular input and a 
bi- compartmental model (vascular and 
interstitial space): Ktrans (transfer constant) 
which represents vascular permeability in a per-
meability-limited (high-flow) situation or blood 
flow in a flow- limited situation, the Kep (reverse 
flux rate constant) which estimates the return 
process of the contrast agent from the EES to 
the intravascular space, and ve, which reflects 
the volume fraction of EES (Thng et al. 2014; 
Sourbron 2010).

3.3.1  Clinical Applications: Diffuse 
and Focal Liver Diseases

DCE-MR has been widely used in clinical trials 
to provide imaging biomarkers for diffuse liver 
diseases such as liver fibrosis and cirrhosis and 
to monitor anti-angiogenic drug efficacy on 
hepatic metastases or hepatocellular carcinoma 
(Hagiwara et  al. 2008; Liu and Matsui 2007). 
Most of these studies have used IAUC (model- 
free approach) (Fig.  2.) and/or a single-input, 
dual-compartment model (Tofts model) in 
which Ktrans (transfer constant) and ve were 
calculated.

DCE-MR imaging can provide non-invasive 
semi-quantitative and quantitative perfusion- 
related parameters that correlate with the stage of 
liver fibrosis: with increasing fibrosis, there is a 
decrease in the portal fraction and an increase in 
the arterial enhancement fraction to increase 
(Patel et  al. 2010; Ou et  al. 2013; Bonekamp 
et al. 2012; Kim et al. 2008). These microcircula-
tory changes become more marked in cirrhotic 
livers where they also correlate with the degree of 
liver dysfunction and portal hypertension (Annet 
et  al. 2003). The diagnostic performance of 
DCE-MR increases with the severity of fibrosis 
(Petitclerc et al. 2017).

Similar to CTPI, DCE-MR has been used to 
assess the treatment efficacy of anti-cancer 
agents. Vascular targeting anti-cancer drugs 
such as anti-angiogenic and vascular-disruption 
agents act on the tumour vascularisation (Fig. 3). 
In advanced HCC treated with sorafenib com-
bined with tegafur/uracil, a reduction of Ktrans 
was associated with improved progression-free 
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survival and overall survival (Hsu et al. 2011). 
Moreover, in HCC treated with sunitinib, perfu-
sion parameters were more accurate to predict 
early response and progression-free survival 
than RECIST 1.1 and mRECIST (Sahani et al. 
2013). In patients with colorectal liver metasta-
ses treated with Regorafenib monotherapy, 
DCE-MR derived parameters such as KEF 
(summarised median values of Ktrans and EF 

(enhancing fraction)) demonstrated predictive 
value for response assessment and was signifi-
cantly associated with progression-free and 
overall survival. Patients responding to the treat-
ment demonstrated a significant drop of KEF on 
day 15 after treatment initiation and signifi-
cantly better PFS and OS compared to non-
responders where no changes in KEF were 
observed (Khan et al. 2018).

Fig. 2 Hepatic perfusion index. A woman with metastatic 
neuroendocrine tumour. Semi-quantitative hepatic perfu-
sion index (HPI) maps obtained before and after 12 weeks 
of octreotide treatment. Pre-treatment HPI map shows a 
dominant metastasis (arrow) in the right lobe of the liver, 

with smaller metastases (arrowheads) in the peripheral of 
the liver showing high HPI values. Note the HPI reduction 
in the centre of the dominant metastasis after therapy, as 
well as in the smaller peripheral metastases

F (ml/min/100ml)

Pre-treatment

Post-treatment

PS (ml/min/100ml)

Fig. 3 Quantitative response of tumour to treatment. 
Parametric blood flow (F) and permeability-surface area 
product (PS) maps overlaid on T1-weighted images in a 
patient with hepatocellular carcinoma. Pre-treatment 
images show high F (58.11) and PS (33.16) values within 

the large tumour in the right lobe of the liver. Post- 
treatment images following targeted therapy shows a 
slight reduction in tumour size but significant reduction in 
the F (50.81) and PS (13.2) values, in keeping with treat-
ment response
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4  Assessing Cellularity 
and Microstructural 
Organisation

4.1  Background Considerations

Diffusion-weighted MRI (DWI) is now an estab-
lished technique for imaging the liver (Taouli and 
Koh 2010). Using a single-shot echo-planar tech-
nique, DWI can be performed rapidly in the liver 
using a breath-hold, respiratory-triggered or free- 
breathing imaging technique, providing high 
contrast between areas of impeded diffusion 
against the normal liver parenchyma (Koh and 
Collins 2007). In clinical practice, DWI is widely 
used as an inherent contrast mechanism to help 
detect focal liver lesions, especially liver metas-
tases and HCC, without the need for intravenous 
contrast administration. However, there is inter-
est in developing quantitative DWI to improve 
disease assessment.

Depending on the number and the range of 
diffusion weightings (b-values) used for image 
acquisition, different quantitative parameters can 
be derived that can inform disease assessment. 
The most widely used quantitative parameter 
derived is the apparent diffusion coefficient 
(ADC), which assumes a monoexponential rela-
tionship between the image signal attenuation 
with increasing b-value. The ADC value is 
reduced in areas of increased cellularity (e.g. 
liver tumours) and/or increased microstructural 
complexity that impede water diffusion (e.g. liver 
fibrosis or cirrhosis) (Koh and Collins 2007).

However, by using multiple b-values (typi-
cally more than 5) including three or more at 
lower b-values (≤150  s/mm2), a biexponential 
relationship between the image signal and 
b- values is observed in tissues. This occurs 
because of intravoxel incoherent motion (IVIM), 
which results in higher tissue signal attenuation 
at lower b-values due to the nulling of the protons 
associated with capillary perfusion (Koh et  al. 
2011). Hence, using IVIM technique enables the 
calculation of a diffusion coefficient (D) that 
reflects tissue diffusivity, a pseudo-diffusion 
coefficient (D*) that reflects the rate of tissue 
 perfusion, as well as the perfusion fraction, which 

reflects the amount of tissue perfusion. More 
recently, there has also been an interest in diffu-
sion kurtosis imaging (DKI), which requires 
diffusion- weighted imaging performed using 
multiple b-values but including at least one very 
high b-value (>1500  s/mm2) to study the non- 
Gaussian behaviour of water diffusion, which is 
likely to better reflect microstructural organisa-
tion, membrane integrity and intracellular water 
(Rosenkrantz et al. 2015). Using a DKI model, a 
diffusion coefficient (D) and the diffusion kurto-
sis (k) can be calculated (Fig. 4).

The ADC is a robust measurement that is 
highly repeatable in the liver. In well-conducted 
studies, the coefficient of repeatability of ADC in 
the normal liver is of the order of less than 10%, 
which increases to less than 15 to 20% in liver 
tumours, which may reflect the heterogeneous 
nature of liver tumours (Andreou et  al. 2013; 
Winfield et  al. 2017). The ADC value is also 
reproducible across vendor platforms. In one 
study, the coefficient of reproducibility of ADC 
across vendor systems was found to be approxi-
mately 14% for normal abdominal organs (Donati 
et  al. 2014). By contrast, perfusion sensitive 
IVIM parameters generally show poor measure-
ment repeatability and reproducibility, especially 
for focal liver lesions, which has limited their 
wider deployment in the clinical setting (Adreou 
et al. 2013). The perfusion fraction, f, has better 
measurement repeatability and reproducibility 
compared with the pseudo-diffusion coefficient 
D*. There may be some merits of using the perfu-
sion fraction f to evaluate disease in specific dis-
ease settings, which will be discussed later. There 
has been limited experience in the measurement 
repeatability of k in the liver and more work is 
needed to determine its potential value for dis-
ease assessment.

4.2  Clinical Applications

4.2.1  Focal Liver Lesions
Diffusion-weighted MRI provides excellent 
contrast for the detection of focal liver lesions. 
The combination of DWI with gadoxetate-
enhanced MRI has been shown to result in the 
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highest diagnostic accuracy for the detection of 
liver metastases (Vilgrain et  al. 2016). DWI is 
also highly sensitive for visualising neuroendo-
crine liver metastases (Ronot et  al. 2018) 
(Fig. 5). DWI facilitates the detection of HCC, 
including smaller (Park et al. 2012; Le Moigne 
et  al. 2012) (<2  cm in size) and hypovascular 
(Di Pietropaolo et  al. 2015) lesions, although 
lesion detection depends on the tumour grade 
and the severity of background cirrhosis (Jiang 
et al. 2017a).

The ADC value has been employed for the 
characterisation of focal liver lesions. Benign 
lesions have been shown to have higher ADC val-
ues than malignant lesions. Liver haemangiomas 
have been shown to have the highest ADC values 
amongst solid hepatic lesions. A threshold of 
approximately 1.7 × 10−3 mm2/s has been found 
to have relatively high sensitivity and specificity 
(Taouli and Koh 2010). However, this threshold 
has to be applied with caution and in conjunction 
with all available imaging findings, as there is 
substantial overlap in the ADC values of solid 
liver lesions. For example, the ADC values of 
focal nodular hyperplasia and adenomas can 
overlap with the ADC values of HCC and 
cholangiocarcinomas.

The ADC value is potentially useful for 
assessing therapeutic effects (Fig.  6). Studies 
have shown that the ADC value increases in 
responders to chemotherapy, radiotherapy, 
embolisation therapy or minimally invasive treat-
ments (Padhani and Koh 2011; Kokabi et  al. 
2015). Such an ADC increase has been shown to 
occur as early as 7 to 14 days following the com-
mencement of treatment, providing an early bio-
marker to therapeutic effects. For this reason, the 
ADC value is being applied as a potential readout 
for assessing the effectiveness of novel 
therapeutics.

Using IVIM MRI, one study evaluated 74 
patients with 75 lesions, of which 51 were malig-
nant and 24 benign. The diffusion coefficient (D) 
and perfusion fraction (f) were found to be signifi-
cantly lower in malignant than benign lesions. 
Nonetheless, D was found to be still more accu-
rate than f for this purpose (Luo et al. 2017). IVIM 
MRI was also shown to help discriminate between 
different grades of HCC (Granata et al. 2016); as 
well as between HCC and intrahepatic cholangio-
mas (Shao et  al. 2019). A recent meta- analysis 
(Wu et al. 2018) evaluated 484 patients with 582 
liver lesions, including 381 malignant and 201 
benign lesions. The authors found that ADC and 

Fig. 4 Diffusion Kurtosis Imaging. Diffusion-weighted 
imaging using multiple b-values including high b-value 
(≥1500 s/mm2) allows the application of a diffusion kur-
tosis model to measure the direct diffusion coefficient 
(DDC) and the kurtosis (K) value. Note that in this patient 

with liver metastasis in the right lobe of the liver, the 
tumour returns slightly higher DDC and K values com-
pared with the adjacent liver parenchyma. (Courtesy: 
Mihaela Rata, Royal Marsden Hospital, UK)
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D values were significantly higher in benign 
lesions, while there was no significant difference 
in the D∗ and f values between the benign and 
malignant lesions. The heterogeneity of the IVIM 
results may relate to the techniques applied which 
impacts the repeatability and reproducibility of 
the perfusion sensitive parameters. In this regard, 
meticulous technique to ensure good image sig-
nal-to-noise and careful choice of model fitting 
should be advocated in future studies. IVIM has 
also been used to evaluate the treatment response 
of liver metastases, which revealed a reduction in 
the perfusion fraction in responders to treatment 
(Granata et al. 2015; Kim et al. 2016).

4.2.2  Diffuse Liver Disease
Diffuse and focal steatosis can lead to a lower-
ing of the ADC value of the liver parenchyma 
(Murphy et al. 2015; Dijkstra et al. 2014; Guiu 
et al. 2012). In patients with chronic liver dis-
ease, liver fibrosis and cirrhosis also lower the 
ADC value of hepatic parenchyma, which aids 
the detection of fibrosis/cirrhosis (Jiang et  al. 
2017b). It has been found that patients with 
higher grades of liver fibrosis (F3, F4) have 
lower ADC values than those with lower grades 
of liver fibrosis (F1, F2). However, the differ-
ences in the ADC values between these catego-
ries may be relatively small in relation to the 

Fig. 5 Detection of neuroendocrine liver metastases. 
Diffusion-weighted imaging improves the detection of 
neuroendocrine liver metastases. Portovenous phase MRI 
following intravenous gadolinium contrast administration 

shows several enhancing metastases in the right lobe of 
the liver. However, diffusion-weighted imaging demon-
strates many more lesions (arrows) within the liver, not 
visualised on contrast-enhanced MRI

Fig. 6 Change in ADC in responders to treatment. ADC 
maps in a man with neuroendocrine liver metastasis 
before and after Y90-Dotatate treatment. The liver metas-
tasis shows a mean ADC value of 0.89 × 10−3  s/mm2 

before treatment, increasing to 1.54 × 10−3  s/mm2 after 
treatment, representing a 73% increase in the ADC value, 
in keeping with treatment response. Note that there is only 
a slight reduction in the tumour size after treatment
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measurement repeatability. This means that on a 
practicable basis, it is unclear to what extent the 
ADC value may have sufficient dynamic range 
to confidently discern between the different 
degrees of hepatic fibrosis.

IVIM DWI has been also applied to evaluate 
hepatic cirrhosis. The diffusion coefficient (D) 
and perfusion fraction (f) have been shown to 
decrease with fibrosis and cirrhosis (Franca et al. 
2017; Ichikawa et  al. 2015; Yoon et  al. 2014). 
Using DKI, studies have also shown that the kur-
tosis value (k) is directly correlated with the 
degree of liver fibrosis (Yoon et  al. 2019; Yang 
et al. 2018). However, the performance of IVIM 
DWI and DKI are poorer than MR elastography 
for the diagnosis and staging of liver fibrosis 
(Ichikawa et al. 2015).

More recently, it has been suggested that 
diffusion- weighted MRI may be used as a method 
to measure the elasticity of liver tissue (virtual 
elastogram), without the need for the use of an 
external drive. The calculation of the shifted 
ADC (sADC) has been shown to correlate with 
the shear modulus derived from MR elastography 
(r2 = 0.9). However, this approach requires fur-
ther validation (Le Bihan et al. 2017).

5  Assessing Tissue Elasticity 
and Stiffness

5.1  Background Consideration

Magnetic resonance elastography (MRE) is a 
functional imaging technique that is used to quan-
tify the elasticity of soft tissues by visualising the 
propagation of shear waves, usually generated 
using an external driver, using a modified phase-
MRI sequence. The use of MRE is akin to “virtual 
palpation”, which aims to differentiate tissues 
based on their tissue stiffness. MRE is an accurate 
method for the detection and staging of liver fibro-
sis, although its use is often limited to specialist 
centres as dedicated hardware and software are 
needed to implement the technique on MRI 
systems.

MRE can be performed at both 1.5  T and 
3.0  T, although it appears to be more robust at 
1.5  T across different vendor systems. MRE 
examination requires an actuator, which uses 
mechanical excitation positioned against the 
body to generate compression waves, which are 
translated into transverse shear waves in the 
body. The actuator used to generate the compres-
sion waves can be pneumatic, electromechanical 
or piezoelectric. The shear waves that are propa-
gated in the body are imaged using a phase- 
contrast MRI technique that includes oscillating 
motion sensitising gradients, of which gradient- 
echo, spin-echo echo-planar sequences are fre-
quently used. A meta-analysis revealed that both 
gradient-echo and spin-echo echo-planar tech-
niques performed equally in the evaluation of 
liver fibrosis (Kim et al. 2018). The phase shift in 
the MRI signal in tissues is used to generate the 
wave image, and by using an inversion algorithm, 
the wave images are transformed into elasto-
grams of tissue stiffness.

Studies have liver MRE has good measurement 
repeatability (intraclass coefficients) and inter-
rater agreement (Shire et al. 2011; Lee et al. 2014). 
In one meta-analysis, a 22% or greater change in 
the mean liver stiffness evaluated over the same 
region using the same technique indicates that a 
real change has occurred with 95% confidence 
(Serai et  al. 2017). MRE measurement of liver 
stiffness was not found to be influenced by age, 
gender, body-mass index (Singh et al. 2015) or the 
administration of gadolinium contrast medium 
(95). However, liver stiffness is affected by pran-
dial state (Hines et al. 2011), and hence, liver MRE 
should be measured following a period of fasting. 
A good intra-class correlation coefficient (ICC) of 
0.9 (95%CI: 0.78-0.96) and a within-subject coef-
ficient of variation of 2.2%-11.4% have been 
reported for MRE liver stiffness measurements 
(Singh et al. 2015; Wang et al. 2018). The mean 
liver stiffness also showed good measurement 
reproducibility in a study across two vendor sys-
tems; showing a mean difference of 0.09 KPa, and 
a coefficient of repeatability of 0.25 KPa for the 
mean liver stiffness (Serai et al. 2015).
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5.2  Clinical Applications

5.2.1  Focal Liver Lesions
MRE has been applied to characterise focal liver 
lesions. A preliminary study involving 44 liver 
tumours (which included metastases-14, hepato-
cellular carcinoma- 12, hemangioma-9, cholan-
giocarcinoma- 5, focal nodular hyperplasia-3, and 
hepatic adenoma-1) found that MRE could dis-
tinguish tumours as malignant or benign with 
100% accuracy, using a stiffness threshold of 
5  kPa at 60  Hz (Venkatesh et  al. 2008). More 
recently, in a study of 79 patients with 80 malig-
nant and 44 benign focal liver lesions, MRE was 
found to be superior to diffusion-weighted imag-
ing (DWI) for differentiating between malignant 
and benign pathologies (Hennedige et al. 2016). 
Malignant lesions showed a higher mean stiff-
ness (7.9 kPa vs. 3.1 kPa) but lower mean ADC 
value (1.29 vs. 2.00  ×  10−3  mm2/s) compared 
with benign lesions (100). However, ROC analy-
sis showed higher diagnostic accuracy for MRE 
than DWI (0.986 vs. 0.82) (Hennedige et  al. 
2016).

5.2.2  Diffuse Liver Disease
The patients with suspected liver fibrosis, liver 
biopsy is confirmatory but is highly invasive and 
is associated with sampling errors and potential 
risk of complications. For this reason, 
 non- invasive diagnosis of liver fibrosis is attrac-
tive, which can also be used to monitor the evolu-
tion of the disease. Biopsy can also be targeted 
towards where fibrosis is most severe on imaging 
(Perumpail et al. 2012).

Multiple studies have confirmed the value of 
MRE for the non-invasive evaluation of liver 
fibrosis (Fig. 7). In one recent meta-analysis of 
26 studies with a total of 3200 patients, the 
authors found no significant difference in the 
pooled sensitivity and specificity of MRE using 
either a gradient-echo or a spin-echo EPI tech-
nique. The area under the receiver operator char-
acteristic curve for the stage diagnosis of any 
(F ≥ 1), significant (F ≥ 2), advanced (F ≥ 3), 
and cirrhosis (F = 4) on gradient-echo MRE and 
spin-echo echo-planar MRE were 0.93 versus 
0.94, 0.95 versus 0.94, 0.94 versus 0.95, and 0.92 

versus 0.93, respectively (90). MRE was also 
more accurate for diagnosing liver fibrosis com-
pared with transient elastography or point shear 
wave elastography (Perumpail et al. 2012). Using 
a threshold of 2.93 kPa at 60 Hz, Yin et al. (2007) 
found that MRE had 98% sensitivity, 99% speci-
ficity and 97% negative predictive value for liver 
fibrosis. Interestingly, the performance of MRE 
for staging liver fibrosis appears to be indepen-
dent of the aetiology of the disease.

MRE has also been used to study the effects of 
treatment that modulates liver fibrosis. In one 
study (Jayakumar et  al. 2019), 54 patients with 
MRE and liver biopsies at baseline and week 24 
were treated with selonsertib, an inhibitor of 
apoptosis signal-regulating kinase 1 (ASK1), 

a

b

Fig. 7 Shear-wave elastography of (a) a normal liver and 
(b) man with Metavir grade F4 liver cirrhosis showing 
increased liver stiffness (in KPa) in the small cirrhotic 
liver (Courtesy: Dr. Albert Low, Singapore General 
Hospital)
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which has anti-inflammatory and anti-fibrotic 
properties. In that study, 18 (33%) had fibrosis 
improvement (≥1-stage reduction) after undergo-
ing 24 weeks of treatment with the study drug. 
The area under the receiver operating characteris-
tic curve of MRE-stiffness to identify improve-
ment in the fibrosis score was 0.62 (95% CI 
0.46-0.78) and the optimal threshold was a ≥0% 
relative reduction. Applying this threshold, MRE 
had 67% sensitivity, 64% specificity, 48% posi-
tive predictive value, 79% negative predictive 
value.

In addition, MRE has been applied to observe 
changes in liver stiffness in patients with non- 
alcoholic fatty liver disease (NAFLD). Several 
studies have demonstrated an increase in liver 
stiffness in patients with non-alcoholic steato-
hepatitis (NASH), in the absence of fibrosis. In 
one study, using a threshold of 2.74 kPa (Chen 
et al. 2011), MRE showed high diagnostic accu-
racy for identifying patients with NASH from 
patients with simple steatosis with an area under 
the ROC curve of 0.93. However, the practical 
application of MRE in this clinical context 
requires further validation.

6  Evaluation of Liver Function

6.1  Background

Chronic liver parenchymal disease leads to hepa-
tocellular dysfunction, which eventually mani-
fests as deranged serum liver function tests. 
However, the loss of normal liver function can be 
heterogeneous, segmental or sub-segmental, 
which may not be appreciated from serum find-
ings. The ability to visualise the extent and distri-
bution of liver dysfunction may be useful for 
treatment planning.

Following the administration of a hepatocyte 
selective contrast medium (e.g. gadoxetic acid), 
approximately 50% of gadoxetatic acid is taken 
up by hepatocytes during the transitional and 
hepatobiliary phase of contrast enhancement by 
transmembrane transporters such as the organic 
anion transporting polypeptides OATP1 B1/B3 
present on the sinusoidal membrane of the hepa-

tocytes. The excretion of contrast into the biliary 
system occurs through the MRP2 transporters. 
Hence, the T1-enhancement of liver parenchyma 
following gadoxetic acid contrast administration 
can reflect hepatocyte function.

To measure hepatocyte function, quantifica-
tion of the T1-relaxivity of hepatic parenchyma is 
performed before and at 10 to 20 min following 
gadoxetic acid contrast administration. There are 
several imaging sequences that have been 
applied, including a modified Look-Locker inver-
sion recovery (MOLLI) technique or a variable 
flip angle (VFA) gradient-echo technique. These 
sequences may be executed with or without 
 correction for the B1-field inhomogeneity. 
Studies have shown that the magnitude of change 
in the T1-relaxation time following contrast 
administration is highly reflective of the underly-
ing liver excretory function, which can be used to 
produce parametric maps of hepatocellular func-
tion. Although the native T1 value of the liver is 
reduced in patients with liver cirrhosis (Cassinotto 
et al. 2015), this is not sufficiently discriminatory 
to identify patients with impaired liver function.

Measurement of the T1-relaxation time in the 
liver is highly repeatable (107). In one study, the 
within-subject coefficient of variance for T1 
measurement of the liver was found to be 0.3% 
before gadoxetate contrast administration, and 
1.1% after gadoxetate administration. However, 
significant variation is encountered in the 
T1-relaxation time of the liver when different 
T1-measurement techniques are applied. For 
example, there is significant variance in the T1 
measurement between using MOLLI sequence 
versus the VFA technique (Yoon et al. 2016; Yoon 
et al. 2017).

6.2  Clinical Application

6.2.1  Evaluating Liver Function
Currently there is no consensus on which 
MR-derived parameters should be used to assess 
liver function by gadoxetate-enhanced MRI (Bae 
et al. 2012). Relative liver enhancement (RLE), 
contrast enhancement index and hepatic uptake 
index (HUI) are parameters based on single 
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intensity (SI) measurements, which are relatively 
easy to derive (Watanabe et  al. 2011). 
Measurement of the T1 relaxation time is more 
accurate than SI measurements, given the more 
direct relationship between T1 relaxation times 
and contrast agent concentration, although this 
relationship is more complex using gadoxetate, 
as the contrast is distributed in different compart-
ments (i.e. intracellular and in the bile) (Besa 
et al. 2015). There is also considerable variation 
in the T1-relaxation time measurements depend-
ing on the imaging sequence/technique applied, 
the availability of these sequences varies across 
vendor systems. In addition, there is reportedly 
segmental variation of the liver T1 value across 
the liver, both before and after contrast adminis-
tration (Haimerl et  al. 2017). Furthermore, the 
T1-relaxation time varies with the magnetic field 
strength, being longer at higher field strength 
than at lower field strength. For these reasons, 
there is not yet a universally accepted method to 
measure or define liver tissue T1 relaxivity.

Nonetheless, it has been found that the change 
in the T1 relaxation time measured by the same 
imaging technique before and after gadoxetate 
contrast administration is highly correlated with 
liver function. Although the native T1 relaxation 
time of cirrhotic liver is longer compared with 
normal liver, this is not predictive of liver func-
tion. However, patients that show a small reduc-
tion in the T1 relaxation time (expressed as a 
percentage of the pre-contrast T1 relaxation time) 
after contrast administration are associated with 
impairment of liver function (Yoon et  al. 2016; 
Besa et  al. 2015; Katsube et  al. 2011; Haimerl 
et al. 2013) (Fig. 8). Other quantitative parame-
ters that have been used to identify patients with 
impaired liver function include the extracellular 
enhancement (by comparing with the enhance-
ment of the spleen), functional liver-to-weight 
ratio and the hepatic uptake ratio (Yoon et  al. 
2019). One recent study at 3 T showed the hepatic 
uptake ratio was highly correlated with the ICG- 
r15 test, in patients with Child-Pugh class A or B 
liver cirrhosis (Yoon et al. 2019).

One potentially more sophisticated approach 
is dynamic hepatocyte-specific contrast-enhanced 
MRI which provides both semi-quantitative and 

quantitative parameters. Semi-quantitative 
parameters such as the maximum enhancement 
(Emax), time to peak (Tmax) and elimination 
half-life do not have any clear insight into the 
underlying physiology. The calculation of 
quantitative parameters implies the use of 
pharmacokinetic analysis of the parenchyma- 
and vascular-input concentration-time curves and 
include regional BF, regional BV, arterial and 
portal venous perfusion and hepatocyte extrac-
tion fraction (Sourbron et  al. 2012). However, 
this approach requires sophisticated data acquisi-
tion and analysis, which can only be undertaken 
in specialist institutions.

Besides the microcirculatory changes, a 
decrease in the expression of the hepatocyte 
organic anion transporters has been observed in 
liver fibrosis, which can be inferred by using 
gadoxetate MRI.  The reduction in OATP trans-
porters will cause a decrease in the T1-shortening 
effect of the gadolinium contrast. Quantitative T1 
mapping-based hepatocyte fraction demonstrated 
a strong correlation with fibrosis stages and also 
showed a good diagnostic performance in identi-
fying patients with advanced liver fibrosis and 
cirrhosis (Pan et al. 2018).

7  Future Developments

There have been significant advances in MR 
hardware and software over the years, which 
have impacted our ability to derive functional 
imaging data from the liver. As compressed- 
sensing techniques become mainstream on all 
vendor MR systems, the ability to acquire high 
temporal and high spatial-resolution dynamic 
contrast-enhanced MR images significantly 
improve the way we perform perfusion MRI and 
possibly on how we assess liver function using 
MRI.

One of the major disruptors in imaging is 
artificial intelligence and deep learning, and 
there is no doubt that rapid developments in the 
field improve the speed of image reconstruction 
for functional imaging, disease segmentation 
and complex data analysis. One of the current 
limitations of applying functional imaging 
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techniques is that many of the image processing 
steps and data analysis are performed off-line by 
dedicated physicists and data scientists, which 
are not accessible to the majority of radiological 
departments. Using artificial intelligence and 
machine learning, it may be possible to generate 
new tools that can undertake in-line processing 
of complex functional imaging datasets auto-
matically or semi-automatically, so that the 
quantitative results can be made available at the 
point of image reading for clinical decision 
making.

As radiomics analyses continue to generate 
promising biophysical properties from images 
that are linked to patients’ treatment outcomes or 
prognosis, there is increasing interest in perform-
ing radiomics on MRI datasets. One of the limita-
tions of using MR images for radiomics is that 
there may be substantial variations in the mea-
sured signal according to the patient position 
within the MRI scanner, which can lead to varia-
tions in the results. Currently, different approaches 
to signal normalisation are being applied to over-
come some of these limitations, but there are 

Fig. 8 A 66-year-old woman with hepatitis B and liver 
cirrhosis (Child-Pughs Class A). Quantitative T1-mapping 
was performed using a Look-Locker sequence at 3  T 
before and at 10 mins after gadoxetate-enhanced MRI. The 
mean pre-contrast T1-value is 978  ms, while the mean 
post-contrast T1-values is 496  ms. The reduction in 

T1-value after contrast indicates a good liver function test. 
These findings are corroborated with the hepatic uptake 
ratio map (normalised to splenic uptake), which shows a 
mean uptake ratio of 70 (Courtesy: Dr. Yoon Jeong Hee, 
Seoul National University Hospital)
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advantages in performing radiomics analyses on 
quantitative maps derived from functional MR 
imaging measurements, as a way of overcoming 
the issue of MR signal variations across native 
acquired morphological images.

The speed of image acquisition can also be 
speeded up using artificial intelligence and 
machine learning. Hence, future liver MRI exam-
ination time is likely to decrease; which may 
allow more time to be spent acquiring functional 
imaging data. The routine use of a multiparamet-
ric functional imaging paradigm for liver imag-
ing for patients within our daily clinical workflow 
may produce new insights into common diseases, 
and provide new knowledge for disease 
management.
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