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Abstract

Since its clinical introduction, several studies in litera-
ture have investigated gadolinium ethoxybenzhyl di-
ethylenetriaminepentaacetic acid or gadoxetic acid (Gd-
EOB-DTPA) properties. Following contrast injection, it
provides dynamic vascular phases (arterial, portal and
equilibrium phases) and hepatobiliary phase, the lat-
ter due to its uptake by functional hepatocytes. The
main advantages of Gd-EOB-DTPA of focal liver lesion
detection and characterization are discussed in this
paper. Namely, we focus on the possibility of distin-
guishing focal nodular hyperplasia (FNH) from hepatic
adenoma (HA), the identification of early hepatocellular
carcinoma (HCC) and the pre-operative assessment of
metastasis in liver parenchyma. Regarding the differ-
entiation between FNH and HA, adenoma typically ap-
pears hypointense in hepatobiliary phase, whereas FNH
is isointense or hyperintense to the surrounding hepatic
parenchyma. As for the identification of early HCCs,
many papers recently published in literature have em-
phasized the contribution of hepatobiliary phase in the
characterization of nodules without a typical hallmark
of HCC. Atypical nodules (no hypervascularizaton ob-
served on arterial phase and/or no hypovascular ap-
pearance on portal phase) with low signal intensity
in the hepatobiliary phase, have a high probability of
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malignancy. Finally, regarding the evaluation of focal
hepatic metastases, magnetic resonance pre-operative
assessment using gadoxetic acid allows for more accu-
rate diagnosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study highlights the added value of ga-
doxetic acid-enhanced liver magnetic resonance imag-
ing (MRI) in the detection and characterization of focal
liver lesions. Three main topics are summarized: the
role of gadoxetic acid in the evaluation of solid benign
hepatic lesions, represented by hepatocellular adenoma
and focal nodular hyperplasia; the diagnostic capability
of hepatobiliary phase of gadoxetic acid-enhanced liver
magnetic resonance imaging in the early identification
of small hepatocellular carcinoma; the high diagnostic
accuracy powered by gadoxetic enhanced-liver MRI in
the detection of hepatic metastasis.
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INTRODUCTION

Since the first studies were reported in literature in
1991-1992, several authors have investigated the potenti-
alities of gadolinium ethoxybenzhyl diethylenetriamine-
pentaacetic acid or gadoxetic acid (Gd-EOB-DTPA)
enhanced magnetic resonance imaging (MRI) liver' . In
a previous article published by Mihler ef a/”, spin-echo
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Table 1 Imaging features of focal liver lesions in the dynamic vascular phases (after contrast administration) and in the hepatobiliary

phase
Phases

Arterial Portal Delayed Hepato-biliary

FNH Hyperintense Isointense Isointense Hyperintense/isointense
(hypointense')
Adenoma Hyperintense Isotense/slightly Isotense/slightly hypointense Hypointense (hyperintense
hypointense or mixed hypo/hyperintense')

Typical HCC Hyperintense Hypointense Hypointense Hypointense
Pre/early HCC Isointense Hypointense Hypointense Hypointense
(decreased portal supply)
Pre/early HCC Hyperintense Isointense Isointense Hypointense
(increased arterial supply)
Metastasis (hypovascular) Irregularly hypointense Irregularly hypointense Irregularly hypointense Hypointense
Metastasis (hypervascular)  Irregularly hyperintense  Isointense or hypointense  Inhomogeneously hypointense Hypointense

! Atypical behaviours of focal liver lesions. FNH: Focal nodular hyperplasia; HCC: Hepatocellular carcinoma.

(SE) sequences and short tau inversion recovery (STIR)
sequences were compared in the detection of experimen-
tal liver metastases”. Relative enhancement and lesion-
to-liver contrast were also analysed in the mentioned
study. After contrast administration, the authors reported
lesion-to-liver contrast increased by approximately 500%
with both SE and STIR sequences. Therefore, we can
see that the role of Gd-EOB-DTPA in focal liver lesion
(FLLs) detection has been studied from the beginning.

Subsequently, the usefulness of hepatospecific con-
trast in liver MRI has been confirmed by other studies. In
fact, detection and characterization of focal liver tumours
have been compared in the same patient using Gd-EOB-
DTPA and Gd-DTPA enhanced MRI'. In the assess-
ment of FLLs, Gd-EOB-DTPA has also been compared
with intra-operative findings in a multicenter analysis'".

Although research on focal lesions is the most com-
mon, some authots have observed that, because of its
properties, GAd-EOB-DTPA could be potentially used as
a tracer of liver functionality™'”.

The mechanisms of contrast uptake and excretion
have been documented""". The uptake of Gd-Eob-DT-
PA is achieved by functional hepatocytes, which have the
cloned organic anion transporting polypeptides (OATPs).
In humans the contrast is introduced through OATP1
and OATP3 transporters, located at the apical membrane
of hepatocytcsm. Then, the contrast has urinary and
biliary excretion rates (the latter up to 50%, much higher
than other hepatospecific contrasts). Regarding biliary
excretion, the contrast is excreted through Multidrug
Resistance-associated Proteins (MRPs) to bile canaliculi
(MRP2 = apical transporter) or sinusoidal spaces (MRP3,
MRP4 = basolateral transporters) 7,

Thus, in normal liver parenchyma starting during dy-
namic vascular phases, hepatocytes increase the uptake of
gadoxetic acid. The uptake process is gradually followed
by contrast discharging through the bile canaliculi. Gen-
erally, the hepatobiliary phase, where hepatocytes reach
maximum signal intensity, is obtained 20 min after con-
trast administration. The variable contrast uptake by FLLs
represents an additional diagnostic tool in liver imaging.
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The aim of this topic highlight is to discuss the advan-
tages of gadoxetic acid-enhanced liver MRI in the study
of FLLs, focusing on: (1) Evaluation of hepatic adenoma
and focal nodular hyperplasia; (2) Identification of eatly
hepatocellular carcinoma (HCC); and (3) Detection of
hepatic metastases detection in oncology patients. Typi-
cal and atypical behaviours of FLLs using gadoxetic acid-
enhanced MRI are summatized in Table 1, which shows
imaging features observed also in the hepatobiliary phase.

EVALUATION OF HEPATIC ADENOMA

AND FOCAL NODULAR HYPERPLASIA

The use of Gd-Eob-DTPA allows for characterization
of hepatic adenoma (HA) and focal nodular hyperplasia
(FNH). In some cases, diagnosis between these solid le-
sions cannot be reliably achieved using only dynamic
vascular phases, and hepatobiliary contrast agents are very
useful in their differentiation. In fact, in a previous study,
although using gadobenate dimeglumine-a different liver
specific contrast from gadoxetic acid-Grazioli ez al'® re-
ported an overall accuracy of 98.3% in the differentiation
of FNH from HA and liver adenomatosis, with positive
predictive value of 100% and negative predictive value of
96.4%.

FNH was described for the first time by Edmondson
in 1956!"". The lesion is considered a non-neoplastic and
hyperplastic response of the liver parenchyma to “a pre-
existing local arterial spiderlike malformation”", Tt oc-
curs in asymptomatic women. The relationship between
FNH and contraceptives is still unclear as several authors
have demonstrated that contraceptives may favour FNH
progression'”. The lesion is generally represented by a
solid circumscribed mass, sometimes with lobulated con-
tour (Figure 1), with a central scar surrounded by nodules
of hyperplastic hepatocytes and small bile ductuli®.
FNHs may show a certain degree of histological het-
erogeneity, due to the variable degree of intra-lesional
inflammation, fibrosis or fat content (the latter has been
described as steatotic FNH).
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Figure 1 Typical imaging features of focal nodular hyperplasia in a 29-year-old woman. Gadoxetic acid-enhanced magnetic resonance imaging; axial images
(A-D) were obtained in dynamic phases and hepatobiliary phase. A shows a solid circumscribed mass (white arrow), lobulated in contour, with a central scar (black
arrow); the lesion is hyperintense on the arterial phase (A) and persists slightly hyperintense in the portal and venous phases (B and C respectively). In hepatobiliary
phase (D) the mass is slightly hyperintense or isointense to the surrounding liver. The presence of biliary canaliculi, even if not functioning, leads to retention of gadox-

etic acid in comparison to the surrounding parenchyma.

Hepatic adenoma is a rare monoclonal benign liver
tumour, predominantly found in young females and as-
sociated with the use of contraceptivesw. It generally
appears as an uncapsulated mass, formed by large plats or
cord cells very similar to hepatocytes. In a work by Grazi-
oli ez al™| they are defined as “these plats are separated
by sinusoids, which consist of small capillaries perfused
through the arterial pressure”. This histological architec-
ture explains the morphological behaviour of adenomas
during the dynamic phases after contrast administration.
In fact, lesions often appear hypervascular in the arterial
phase, and are generally isointense or hypointense to the
surrounding liver in the portal phase. The vascular sup-
ply in the portal phase is not observed because of the
adenomas lack of a portal vascularization. Adenomas
have a poor number of Kupfer cells, and this histological
feature could explain the absence of technetium (Tc)-99m
sulfur colloid uptake. In addition, HAs do not have bile
canaliculi™*",

The significant capability of Gd-Eob-DTPA in distin-
guishing FNH from adenomas depends on histological
features and cellular expression of molecular transport-
ers. Bile ductuli are present in FNHs, whereas they are
missing in HAs. The molecular transporter Organic
Anion Transporting Polypeptide 8 (OATP 8) is usually
absent or minimally expressed in cellular adenomas. This
transporter is instead expressed in FNH, explaining the

uptake of Gd-Eob-DTPA®!,

WJH | www.wjgnet.com

JRaishideng®

479

Thus, typically HAs appear hypointense, whereas
FNHs are isointense or hyperintense to the surrounding
hepatic parenchyma (Figures 1 and 2, Table 1). Several
studies have described the mentioned imaging features.

In a work published in 2001, all three adenomas stud-
ied in the hepatobiliary phase by Grazioli et al™ showed
hypointense appearance following liver contrast agent
administration. Zech et a/” reported enhancement in
the hepatobiliary phase in the 90% of FINH examined in
their series where only a minority of lesions showed no
enhancement or peripheral enhancement. The presence
of biliary canaliculi, even if not functioning, leads to a
“slower excretion in comparison to the surrounding pa-
renchyma”, and this gadoxetic acid retention explains the
hyperintense appearance of FNH® (Figures 1 and 2).

Nevertheless, atypical lesions are very difficult to
diagnose, even using Gd-EOB-DTPA. In fact, the het-
erogeneity of FNH could also explain the atypical imag-
ing presentation that has recently been well described
in many articles®™™, In another case series published in
literature, Grazioli e a/”” found that 62 out of 68 FNHs
(91.2%) were hyperintense or isointense to the surround-
ing liver, with only 6 lesions showing an atypical pat-
tern™. One atypical enhancement pattern explanation
was the presence of a large central scar. These lesions ap-
peared hypointense in hepatobiliary phase, showing only
a little marginal enhancement. Two atypical lesions, in the
series reported by Grazioli e /™", were hypointense for
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Figure 2 Magnetic resonance imaging of a small focal nodular hyperplasia. Arterial, venous and hepatobiliary phases (A, B and C), acquired in a 44-year-old
woman shows the typical enhancement of a small focal nodular hyperplasia (white arrows). The lesion is located in the fourth liver segment, between medium and left
sovrahepatic vein. In hepatobiliary phase (C) the lesion is slightly hyperintense to the surrounding liver parenchyma, due to uptake of hepatospecific contrast.

the presence of large fibrous components and abundant
fat contents (steatotic FNH).

On the other hand, atypical HAs may not appear
hypointense in the hepatospecific phase. Atypical be-
haviours, appearing as hyperintense lesions, have been
reported in literature"”. In fact, inflammatory adenomas
could enhance in the hepatospecific phase. Hyperintense
HAs in the hepatobiliary phase have been observed in the
series by Denecke ez al™. They reported one hepatic ad-
enoma homogeneously hyperintense and two HAs with a
mixed pattern (hypo-/hyperintense). In the subgroup of
fatty hepatic adenomas, 14 adenomas were hypointense
and 1 was mixed hyper-/hypointense. Also, Huppertz e
al™” describe in their FLLs series two out of three ad-
enomas with hyperintense appearance in comparison to
the surrounding liver. However, based on a quantitative
analysis, all HAs, with hypointense signal to the sur-
rounding liver on hepatobiliary phase, showed a certain
degree of increase in signal intensitylm. This could prob-
ably be explained by contrast retention in the interstitium
or fibrotic tissue.

In addition, in the series reported by Denecke et al™,
the proportion between hyperintense and hypointense
adenomas in hepatobiliary phase was approximately equal
both in the non-steatotic group and in the steatotic of
fatty adenomas™. The mechanism of Gd-EOB-DTPA
uptake in these minority HAs is still unclear and further
studies with histological correlation are needed.

IDENTIFICATION OF EARLY HCC

The progressive differentiation of a regenerative nodule
to a dysplastic nodule, and then to an early-HCC has
been well investigatedm’m. In this differentiation, the
nodule increases its arteriolar supply progressively and re-
duces the portal vascularization” ™. This vascular change
is a crucial step in the carcinogenesis. In view of this
consideration, HCC diagnosis with imaging techniques
is based on a “vascular analysis” of enhancing pattern,
with an increased signal intensity or “wash-in” during the
arterial phase and a “wash-out” pattern in the portal or

equilibrium phase® (Table 1).

WJH | www.wjgnet.com

JRaishideng®

In 2012 the European Association for the Study of
the Liver (EASL) and European Organization for Re-
search and Treatment of Cancer (EORTC) provided
common guidelines for the management of the liver™.
The joint committee established that non-invasive assess-
ment for HCC could be made only by applying a 4-phase
multidetector computed tomography (CT) scan or dy-
namic contrast-enhanced MRI. In addition, the guidelines
postulated that diagnosis is based on a typical morpho-
logical hallmark of HCC (Figure 3), with hypervascular
pattern in the arterial phase and wash-out in the portal
venous or delayed phasesm. It has to be remarked that
while only one technique is required for nodules greater
than 1 cm in diameter (evidence 2D, recommendation
2B), a more conservative approach using 2 techniques is
recommended in suboptimal settingsm.

Similarly, in 2010 an update of The American As-
sociation for the Study of Liver Disease (AASLD) rec-
ommended that nodules greater than 1 cm should be
investigated with either 4-phase multidetector CT scan
or dynamic contrast enhanced MRI™. In case of atypical
nodules, a second contrast methodical is required (level
IT), or alternatively a biopsy.

Nevertheless, the characterization of a nodule, based
on these approaches, is not possible if both mentioned
imaging features, “wash-in” and “wash-out”, are not
observed. Nodules may have hypervascular appearance
in arterial phase, without evident wash-out in the portal
or equilibrium phase (Figure 4). They could also have
the same attenuation or signal intensity to the surround-
ing liver parenchyma during the dynamic arterial phase
on CT and MRI images respectively, and may manifest a
wash-out only in the portal phase. In this case the diagno-
sis is difficult and so, a further analysis is usually required
in order to evaluate other important features such as a
change in size or a tumour marker. A more invasive ap-
proach could be also adopted by choosing a biopsy.

In addition, small nodules (< 2 cm) very often lack
the typical behaviour of HCC. Arterial neovascularization
or reduced portal supply cannot be identified on imaging
techniques, probably because these vascular changes are
not significant. Adopting only hypervascularity criteria in
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Figure 3 Imaging features of a typical hepatocellular carcinoma. Axial magnetic resonance images show a hypervascular lesion in the arterial phase (A, white
arrow), located in the top of the liver, with wash-out clearly in the portal venous phase (B, white arrow). This enhancement pattern represents the typical morphological
hallmark of hepatocellular carcinoma. The nodule has an increased arteriolar supply and reduced portal vascularization. In hepatobiliary phase, the lesion appears

hypointense to the surrounding liver parenchyma.

Figure 4 Imaging features of a small hepatocellular carcinoma. The lesion (white arrow), located in the fifth segment of right hepatic lobe, is detectable in the ar-
terial and hepatobiliary phase. It has hypervascular appearance in arterial phase (A), without evident wash-out in the portal phase (B). The lesion is hypointense in the
hepatobiliary phase (C). As reported in literature, the low or absence of gadolinium ethoxybenzhyl diethylenetriaminepentaacetic acid or gadoxetic acid uptake could

precede the decrease of portal vascularization in malignant differentiation.

the diagnosis of HCC, MR sensitivity for nodules < 20
mm is about 63%"*”,

An important diagnostic tool for the evaluation of
lesions in the hepatospecific phase has now been added.
In fact, papers have recently emphasized the contribu-
tion of hepatobiliary phase in the characterization of
nodules without a typical hallmark of HCC. In a recent
paper by lannicelli e# al™, a total of 120 nodules were
retrospectively evaluated using gadoxetic acid-enhanced
liver MRI. In this study, 92 out of 120 nodules (76.6%)
reported typical vascular behaviour of HCC, with hypet-
vascularization appearance in the arterial phase. In the
hepatobiliary phase, 90/92 nodules showed low signal
intensity, whereas two nodules were hyperintense. The
other 28 cases, with non-hypervascular behaviour in the
arterial phase, were hypointense in hepatobiliary phase.
Among these non-hypervascular nodules, only 15 cases
had hypointense signal in the equilibrium phase. In the
follow-up study, 50% of non-hypervascular nodules with
low signal intensity in the hepatobiliary phase acquired
the typical vascular behaviour of HCC.

The high accuracy in the identification of early
HCCs will probably change the diagnostic algorithm in
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hepatocellular carcinoma. Tt facilitates the diagnosis of
hypervascular advanced HCC and the differentiation of
eatly HCC and dysplastic nodules from pseudovascular
lesions.

The hypointense appearance in hepatobiliary phase
will probably be considered a “radiological marker of
nodule differentiation”. In the study by Golfieri ef al®,
62 out of 215 nodules were atypical for radiological
behaviour. Their histological analysis showed 20 high-
grade dysplastic nodules (HGDN)/early HCC, 21 low-
grade nodules dysplasia, 17 regenerative nodules and 4
nodular regenerative hyperplasia. Nineteen out of 20
HGDN/eatly HCC nodules were hypointense in hepato-
biliary phase. In another work, Kogita ez al*™ found that
low or absence of Gd-EOB-DTPA uptake precedes the
decrease of portal vascularization in malignant differen-
tiation (Figure 4).

In conclusion, gadoxetic acid-enhanced liver MRI
could be very helpful in the eatly identification of HCC.
However, differentiation between HCC and dysplastic
nodule remain very difficult. Atypical nodules require
better investigation, studying their behaviour in the hepa-
tospecific phase.
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LIVER METASTASES DETECTION IN
ONCOLOGY PATIENTS

Detection of liver metastases in oncology patients is es-
sential in order to choose the best possible management
and treatment. In this regard, many studies have demon-
strated the high diagnostic accuracy of liver MRI™. Nev-
ertheless, routine liver MRI is generally not performed
for the staging of extra-hepatic oncology diseases. For
example, the American College of Radiology Appropri-
ateness Criteria for pre-treatment staging of colorectal
cancer recommended CT of the chest, abdomen and
pelvis for the initial evaluation of disease™. In the major-
ity of the cases, staging liver MRI is required to evaluate
doubtful FLLs.

The identification of liver involvement by metastases
disease is essential because surgical resection has im-
proved patient survival, especially in cases of colorectal
cancer" ",

Gadoxetic acid-enhanced liver MRI allows for a vas-
cular dynamic study of the hepatic parenchyma and adds
hepatospecific phase for characterization of FLLs!*>,
Lee et al*” evaluated Gd-EOB-DTPA liver MRI and tri-
ple-phase multidetector computed tomography (MDCT)
in the detection of suspected hepatic metastases, report-
ing that dynamic MR images with or without hepato-
specific phase show better diagnostic performance than
MDCT images. The sensitivity increased significantly
with the addition of hepatobiliary phase in gadoxetic
acid-enhanced MRI (P < 0.0001). In particular, the diag-
nostic accuracy was greater for small lesions (< 1 cm)™.
Gadoxetic acid-enhanced liver MRI showed higher capa-
bility than enhanced MDCT in detection liver metastases
from pancreatic carcinoma. In fact, in a recent work by
Motosugi ez al™, higher values of sensitivity for detec-
tion of metastases were reported, with values of 85% for
MRI and 69% for MDCT.

Acquisition of hepatospecific phase takes some time
in a liver MRI protocol because it is generally performed
20 min after contrast administration. Less time would be
important, in order to reduce the length of a liver MRI
protocol. Diagnostic accuracy for metastases detection
and lesion conspicuity was evaluated in hepatospecific
images obtained 10 min and 20 min after gadoxetic acid
administration”". In the study performed by Jeong ez al™,
the hepatobiliary phase images obtained at 10 and 20 min
after Gd-EOB-DTPA administration improve detection
of metastases in comparison with pre-contrast images
and dynamic acquisitions only. It has been demonstrated
that sensitivity in the detection of metastases does not
differ significantly using delay images acquired at 10 min
and 20 min after contrast injection. However, in our
opinion, the interval time between dynamic acquisitions
and 10-min hepatobiliary phase, and between the 10-min
and 20-min hepatobiliary phases, could be maintained
in a standard liver MRI protocol. In fact, these intervals
offer the possibility to acquire other sequences, thus ac-
quiring a more complete liver MRI protocol. Diffusion
weighted imaging (DWI) using multiple 4 values could
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require more time for its acquisition. In line with what
has previously been reported in literature®™, morphologi-
cal T2-weighted sequences, including axial breath-hold
steady-state free-precession, axial breath-hold single shot
spin-echo and axial breath-hold fast spin-echo sequences
are acquired after dynamic imaging in our protocol. After
these T2-weighted sequences, radiologists may acquire
the first hepatospecific phase (10 min after contrast ad-
ministration). Then, between 10-min and 20-min hepato-
biliary phases, DWI could be placed without any consid-
erable influence on imaging quality[szl.

Recently in the field of FLL detection and character-
ization, it has been evaluated whether diagnostic perfor-
mance of gadoxetic acid-enhanced liver MRI could be
enriched by DWI. The contribution of DWI has been
widely applied in different radiology fields™ ™. Tn detec-
tion and characterization of FLLs, diffusion imaging
reported higher scores in comparison with conventional
T2-weighted sequences. In view of these results, sev-
eral studies have compared the diagnostic capability of
DWI and gadoxetic acid-enhanced liver MRI in detec-
tion FLLs. Donati ¢/ a/”” found that adding DWT to Gd-
EOB-DTPA did not significantly increase diagnostic
accuracy compared to Gd-EOB-DTPA imaging alone.
Considering the detection of small metastases, Shimada
et al™ reported higher diagnostic accuracy of Gd-EOB-
DTPA in comparison to DWI. Probably, both imaging
modalities represent very important diagnostic tools in
the evaluation of FLLs, as recently described in a study
by Macera ¢ al*". They found that the combination of
DWI with Gd-EOB-DTPA-enhanced MRI imaging sig-
nificantly increases the diagnostic accuracy sensitivity in
patients with colorectal liver metastases treated with pre-
operative chemotherapy'.

CONCLUSION

The topics discussed clearly demonstrate the importance
of gadoxetic acid-enhanced liver MRI in the evaluation
of FLLs. In fact, it significantly increases diagnostic ac-
curacy in the detection and characterization of FLLs.
Furthermore, it allows for the diagnosis of benign solid
hepatic lesions such as FNH and HA, thanks to the dif-
ferent contrast uptake observed in hepatobiliary phase.
Some atypical nodules in vascular behaviours could be
diagnosed as HCC if they lack Gd-EOB-DTPA retention
in the hepatobiliary phase. The HCC guidelines need to
underline the recent use of a liver hepatospecific agent.

Finally, MR pre-operative assessment using gadoxetic acid
allows for higher diagnostic accuracy in the detection of
hepatic metastases.
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