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Abstract
Objective To prospectively assess the additional value of
the hepatobiliary (HB) phase of Gd-EOB-DTPA-MRI in
identifying and characterising small (≤2 cm) hepatocellular
carcinomas (HCCs) undetermined in dynamic phases alone
because of their atypical features, according to the AASLD
criteria.
Methods 127 cirrhotic patients were evaluated with Gd-
EOB-DTPA-MRI in two sets: unenhanced and dynamic
phases; unenhanced, dynamic and HB phases. Sixty-two
out of 215 nodules (29%) were atypical in 42 patients
(33%).
Results 62 atypical nodules were reported at histology:
high-grade dysplastic nodules (HGDN)/early HCC (n=20),
low-grade DN (LGDN) (n=21), regenerative nodules (n=
17) and nodular regenerative hyperplasia (n=4). The
sensitivity, specificity, accuracy, positive and negative
predictive value (PPV, NPV) were increased by the addition
of the HB phase: 88.4–99.4%, 88–95%, 88–98.5%, 97–

99%, and 65–97.5%, respectively. Twenty atypical nodules
were malignant (32%), 19 of which were characterised only
during the HB phase.
Conclusions The HB phase is 11% more sensitive in the
classification of HGDN/early HCC than dynamic MRI,
with an added value of 32.5% in the NPV. The high
incidence (33%) of atypical nodules and their frequent
malignancy (32%) suggest the widespread employment of
Gd-EOB-DTPA-MRI in the follow-up of small nodules
(≤2 cm) in cirrhosis.

Keywords Hypovascular HCC . Atypical small liver
nodules . Cirrhosis . Gd-EOB-DTPA-enhanced MR
imaging .Magnetic resonance imaging

Introduction

Hepatocellular carcinoma (HCC) is the most frequent
primary hepatic malignancy and the major cause of death
in cirrhotic patients [1, 2]. Its incidence is increasing in
most countries, and it represents a worldwide health
problem [3–5].

Multi Detector-row CT (MDCT) is the most widely used
imaging technique for HCC detection and staging. However,
state-of-the-art 3D Gadolinium-enhanced dynamic MRI is
considered more sensitive than MDCT and is increasingly
used for the detection and characterisation of small hepatic
nodules [6–8]. Both techniques reveal HCCs based on their
altered arterial vascularity due to the development of
unpaired arteries and sinusoidal capillarisation [9–12].
Enhancement in the arterial phase and washout in the portal
venous and delayed phases are now regarded as distinctive
features of HCC in liver cirrhosis. According to the recently
revised American Association for the Study of Liver
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Diseases (AASLD) criteria, for lesions >1 cm a single
dynamic imaging study (4-phase MDCT scan or dynamic
MRI) showing this typical vascular pattern is enough to
confirm the diagnosis of HCC, whereas for <1 cm nodules
an ultrasound (US) follow-up at 3-month intervals is
recommended, to detect their increase in size or a change
in vascular pattern [13–15].

However, in small (≤2 cm) nodules an atypical vascular
profile is not uncommon, challenging the definitive
radiological diagnosis: these lesions may, in fact, be either
early HCCs or preneoplastic lesions, such as high-grade
dysplastic nodules (HGDN) [16–18].

After Gadobenate dimeglumine (Gd-BOPTA), gadoxetic-
acid-disodium (Gd-EOB-DTPA) is the second generation
hepatocytes-directed gadolinium-based paramagnetic con-
trast agent, which has been available in Europe since 2004.
These contrast media are named “dual agents” as they
combine the properties of a conventional extracellular
contrast agent with those of a liver-specific contrast agent
[19–24]. After a dynamic phase, Gd-EOB-DTPA accumu-
lates in functioning hepatocytes in the delayed phase which
begins earlier than with Gd-BOPTA (10 mins after injection)
and undergoes hepatobiliary excretion at a high rate (50%)
with potentially stronger liver enhancement and more
pronounced hypointensity of malignancies.

However, only a few studies have been conducted using
hepatobiliary MRI contrast agents to determine the en-
hancement pattern of small atypical lesions occurring in
cirrhotic livers, in order to define their nature [24–27].

The purpose of this prospective study was to assess the
additional value of the hepatobiliary (HB) phase of Gd-EOB-
DTPA-enhanced MRI in identifying and characterising small
(≤2 cm) histologically confirmed HCCs occurring in
cirrhosis and unclassified at dynamic phases because of their
atypical features.

Materials and methods

Patients

This prospective study, compliant with the Declaration of
Helsinki principles [28], was performed at a “tertiary liver
care” centre. The study protocol was approved by the
Ethics committee of our institute. All patients gave their
written informed consent. Between May 2008 and October
2009, 127 male patients (91 [71.5%], mean age 54 years
[range 31–77] with alcoholic [n=18] or HBV/HCV-related
cirrhosis [n=44/65]), underwent Gd-EOB-DTPA-enhanced
MRI to characterize small (≤2 cm) HCC nodules detected
as suspicious during a US-surveillance program. All
nodules showing an increase in size and the newly appeared
lesions were evaluated with CEUS—performed in the same

US session—and subsequently with MDCT. All uncertain
and/or discrepant findings in >1 cm nodules at CEUS and
MDCT were recruited for Gd-EOB-DTPA-enhanced MRI.

All patients bore at least 1 nodule measuring 1–2 cm and
one or more incidental or satellite <1 cm nodules: 12
patients had solitary lesions, 5 two lesions, 2 three lesions,
4 five lesions, 2 six lesions, and the remaining patients had
eight lesions.

Two hundred-fifteen nodules were identified at MRI
(mean diameter 16 mm; range 4–20). Of them, 149 (69.3%)
demonstrated a typical vascular pattern of HCC in 81
patients (38%) whereas 4 (2%) showed a “mosaic” HCC
pattern in four patients (2%). Furthermore, 62 nodules
(29%), with a mean diameter of 1.4 cm (range 8–19 mm)
showing an atypical vascular pattern for HCC at dynamic
MRI study were identified in 42 patients (33%) (Table 1).

All the 153 typical nodules had a histological confirma-
tion after liver resection, transplantation or percutaneous
biopsy preliminary to radio frequency (RF) ablation or were
confirmed as an intense Lipodol uptake after transarterial
chemoembolization (TACE). All 62 atypical nodules had
histological confirmation on the surgical specimen after
resection (n=32), transplantation (n=11) or whereby a US/
CT-guided biopsy (n=19).

Histological diagnosis was performed by two expert
pathologists in consensus reading as per the criteria
outlined by the International Working Party [18, 29].

MR imaging

MR imaging was performed with a 1.5T superconducting
system (Signa, GE Medical Systems, Milwaukee, WI,
USA), using a body phased array multicoil for signal
detection. Images were acquired in the axial plane, with a
section thickness of 4 mm, an intersection gap of 0 mm,
and a 28–35 cm field of view, with the exception of a three-
dimensional breath-hold fast spoiled gradient-echo (GRE)
sequence obtained after gadolinium-EOB-DTPA injection,
acquired with a slice thickness of 4–5 mm, with an effective
section thickness of 2–2.5 mm.

Unenhanced sequences were as follows:

– respiratory-triggered fat-suppressed fast recovery T2-
weighted fast spin-echo (FR-FSE) (TR/TE 1500 to
1760/100, 256×190 matrix, 41.67 KHz per pixel
bandwidth, 20–25 s acquisition time) or breath-hold
T2-weighted single-shot FSE sequences (2.000/80 TR/
TE, matrix 256/190), with and without fat saturation.

– breath-hold T1-weighted GRE dual-echo “in and out
of phase” [TR/TE 150/4.6 and 150/2.1, respectively,
80° flip angle, a 256×160 matrix and 62.50 Hz per
pixel bandwidth, 1 signal acquired, 20–25 s acquisi-
tion time].
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Contrast-enhanced sequences were acquired after intra-
venous (IV) injection of Gd-EOB-DTPA (Primovist, Bayer
Schering Pharma AG, Berlin, Germany) at a dose of 0.1 ml/
kg body weight (injection volume of 9–14 ml according to
body weight) at a speed of 2 ml/sec immediately followed
by a 20-mL saline flush through an antecubital venous
catheter, using a dual power injector.

Both dynamic and HB-phase images were obtained
using a fat-suppressed, 3D GRE sequence (Liver Acquisi-
tion with Volume Acceleration: LAVA, GE Medical
Systems) before and after IV bolus administration of Gd-
EOB-DTPA. Imaging delay times were determined with
real-time MRI fluoroscopic monitoring after contrast agent
administration. Hepatic arterial phase images were
obtained 7 s after the arrival of contrast medium in the
distal thoracic aorta, and portal venous and equilibrium
phase images were obtained, respectively, 60 and 180 s
after the beginning of the injection. Finally, HB-phase
imaging was obtained 10 and 20 min after the beginning
of contrast-medium injection.

Imaging analysis

Magnetic resonance images were divided in two datasets.
Set 1 included the combined reading of unenhanced (basal
T1-and T2-weighted) and Dynamic phase images (arterial-,
portal venous- and equilibrium-phases); set 2 considered
the unenhanced, Dynamic phases and HB-phases (10- and
20-min delayed images).

These two sets of MR images were evaluated by two
radiologists (MR and VL), with more than 6 years’ experience
in liver MR imaging by a sequential reading (both radiologists
read both sets within 15 days, to minimize reading bias). Any
interpretation discrepancies were resolved by consensus with
the participation of a third radiologist (RG).

The diagnosis of HCC was made according to the
AASLD criteria for 1–2 cm nodules (hypervascularity in
the arterial phase and washout in the portal venous/delayed
phases) [13, 15], arbitrarily extending the same criterion
also to the size range of <1 cm nodules. The nodules
showing a “mosaic pattern” were also considered to be
HCCs [30]. All nodules that did not fulfil these standards of
reference were defined as atypical nodules and were
classified according to the following criteria:

– HGDN/early HCC [31–33]: (a) nodule with arterial
enhancement and hyperintensity on T2-weighted images
and no uptake of contrast agent on HB images; (b)
nodule with isointensity at Dynamic study, hyperintensity
on T2-weighted images, and no uptake of contrast agent
on HB images, or (c) nodule larger than 1.5 cm with
absent uptake of contrast agent on HB-phase images.

– nodular regenerative hyperplasia (NRH)[34, 35]: (a)
nodule with arterial enhancement and absent washout
and (b) hyperintensity on HB-phases.

– regenerative nodules (RN) or low grade dysplastic
nodules (LGDN): nodules that did not accomplish one
of the previous criteria.

Table 1 Nodules MR appearance according to the histological classes and the three-point classification scale (* - hypointensity; = isointensity;
+ hyperintensity)

Histology Number Range
(mm)

HB phase
appearance*

T2w Typical dynamic
and
HB pattern

Atypical
pattern

Atypical
pattern

Atypical
pattern

Score 1 Score 2 Score 3

Overt HCC 153 7-20

<1 cm 31 7–9 - n 31 + n 14 =/- n
17

31

1-2 cm 122 10–20 - n 122 + n 93 =/- n
29

122

HGDN-Early
HCC

20

<1 cm 2 8 - n 2 = n 2 – 2

1–2 cm 18 10–20 - n 17 = n 1 + n 1 =/- n 17 17 1

RN-LGDN 38 –

<1 cm 5 4–9 = n 5 =/- n 5 5

1–2 cm 33 10–20 - n 2 = n 31 =/- n 33 2 31

NRH 4 9–18 –

<1 cm 1 9 + n 1 =/- n 1 1

1–2 cm 3 12–18 + n 3 + n 2 =/- n 1 3

Total N. 215 Total N. 215 Total N. 153 Total N. 21 Total N. 37 Total N. 4
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According to these criteria, the observers recorded the
probable diagnosis for each atypical nodule by using the
following three-point classification scale: score 1, probably
HGDN/early HCC; score 2, probably RN/LGDN and score
3, probably NRH.

By comparing the scoring results with the standard of
reference, we calculated the number of true-positive, true-
negative, false-positive, and false-negative lesions for each
observer. Benign lesions determined by the standard of
reference constituted true-negative lesions.

Statistical analysis

Sensitivity, specificity, diagnostic accuracy, Positive and
Negative Predictive Values (PPV/NPV) were calculated for
the two sets of MR images for each observer.

The Chi-squared test was used to compare the sensitivities,
specificities, diagnostic accuracies, PPVand NPV between the
two sets of MR images, according to different nodule size
ranges, and between the two observers. A two-tailed P value
of less than 0.05 was considered to indicate a statistically
significant difference. All statistical analyses were performed
using commercially available software (SPSS, version 11,
SPSS, Chicago, IL, USA).

Results

Among the 62 nodules showing an atypical pattern on
dynamic MRI (set 1), 20 were malignant in 10 patients,
accounting for 9.3% of the total nodules and 32% of the
atypical nodules in 10/42 patients (23%). Their histological
diagnosis was HGDN/early HCC in 20, LGDN in 21, RN
in 17 and NRH in 4.

Nineteen out of 20 HGDN/early HCC not characterised
by set 1 were only identified as clearly hypointense during
the HB-phase (set 2) (mean diameter 14 mm, range 11–19)
(Fig. 1), regardless of their dimensions (Fig. 2). Only one
histologically confirmed early HCC was missed at set 2,
being interpreted as RN because of the absent hyper-
vascularity in the dynamic phase and isointensity in the
HB-phase. There were two false-positive results (diagnosed
histologically as LGDN) and interpreted as HGDN/early
HCC due to their hypointensity in the HB-phase images
(Table 1).

The sensitivity of set 1 for HGDN/early HCC (SCORE
1) was 88.4% (153/173),raised to 99.4% (172/173) by the
combined reading of dynamic and HB-phases (set 2)
(Table 2). The specificity of set 1 was 88% (37/42) and
that of set 2 was 95% (40/42). The diagnostic accuracy was
88% (190/215) for set 1 and 98.5% for set 2 (212/215). The

Fig. 1 Gd-EOB-DTPA-enhanced MR images in a 52-year-old man
with histologically confirmed early HCC in the VIII segment. a–c Pre-
contrast MRI: T1-weighted out-of phase (a) and in-phase images (b)
demonstrate a slightly hyperintense nodule of < 2 cm (arrows),
appearing isointense on the T2-weighted image (c). d–e Dynamic

contrast-enhanced images do not delineate any definite focal lesion in
the VIII segment: d Arterial phase. e Portal-venous phase. f
Hepatobiliary phase image: 20 mins after Gd-EOB-DTPA bolus
injection: the nodule appears highly hypointense (no uptake of
contrast agent) compared with the surrounding enhanced liver (arrow)
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PPVof set 1 was 97% (153/158) and that of set 2 was 99%
(172/174). The low NPV of set 1, 65%, (37/57) was
substantially increased in set 2 up to 97.5% (40/41).

Although statistically not significant, the addition of HB-
phase images provided an added value of 11% in sensitivity
(P=0.45), 7% in specificity (P=0.81), 10.5% in diagnostic
accuracy (P=0.43), 2% in PPV (P=0.89), and 32.5% in
NPV (P=0.18). The combined reading of both sets increased
the diagnostic confidence of the readers, particularly because
of the highest reliability in excluding malignancy.

The criteria defined as SCORE 2 identified 36 out of 38
LGDN/RN with 95% sensitivity, whereas SCORE 3
identified the totality of the confirmed NRH (Fig. 3).

Discussion

Gd-EOB-DTPA is transported into hepatocytes via the
organic anion-transporting polypeptide 8 (OATP8) and
excreted via the canalicular multi-drug resistant protein 3
(MRP3) [22, 25, 37–39]. OATP8 is typically inhibited in

malignant liver lesions, so that they appear hypointense in
the HB-phase [22, 36]. Nevertheless, less than 5% of HCCs
are imaged as hyperintense in the HB-phase [25, 26, 39],
due to intense retention secondary to over-expression of
OATP8 and MRP3 [36, 37], but their dynamic vascular
pattern has not been described. In the present series,
hyperintensity in the HB-phase was only found in 4
nodules (1.9%) and always coupled with arterial hyper-
intensity and absent washout in the venous phase, showing
the typical “focal nodular hyperplasia (FNH)-like” behav-
iour [41] (Fig. 3). These lesions were correctly diagnosed as
NRH. However, it is important to remind that hyperintense
nodules in the HB-phase without the typical FNH-like
vascular pattern in the dynamic phase may be malignant,
especially in cirrhotic livers.

In our population, an atypical vascular behaviour
according to AALSD criteria [13–15] was very frequent:
29% of nodules in 33% patients and one third (32%) were
malignant (HGDN/early HCC)—the “one-third rule”.
Hence, the prevalence of hypovascular HCC undetectable
by dynamic MRI in our study population was 9.3%.

Fig. 2 Gd-EOB-DTPA-enhanced MR images in a 47-year-old woman
with histologically provenHGDN in the IV segment. a–b Pre-contrast T2-
weighted (a) and T1-weighted (b) sequences do not demonstrate definite
focal lesions. c–e In the arterial (c), portal venous (d) and delayed (e)

phases there is still no evidence of focal lesions. In the hepatobiliary
phase (f) 20 mins after Gd-EOB-DTPA bolus injection, a subcentimetric
nodule (8 mm) is detected, appearing highly hypointense (arrow)
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The true prevalence of hypovascular “early HCC” is still
uncertain, being influenced by the imaging method used.
Bolondi et al. [16] reported a prevalence of 17% of
hypovascular lesions among tiny (1–2 cm) HCCs at CEUS
and CT, but this rate can be lowered when a more sensitive
imaging method is used, such as dynamic MRI. More
recently, Leoni et al. [8] ] have shown that about 20% of
these small HCCs do not present the typical vascular
pattern at CEUS, CT and dynamic MRI. Namely, 14% of
HCCs measuring 10–19 mm did not show a typical
vascular pattern coincidentally with two imaging methods
and 13% of those of 20–30 mm showed the typical pattern
with only one method. Four HCCs ranging from 2 to 3 cm
(5%) out of 75 nodules remained undetected by all three
dynamic imaging methods, being hypovascular even on
dynamic MRI. These results can be explained taking into
account that in the initial phases of carcinogenesis, the
nodule discloses an arterial hypovascularity with portal
perfusion still present and, in the next step, both arterial and
portal blood supplies decrease. Only subsequently, intra-
nodular arterial vascularity increases to an isovascular
pattern, and finally to a hypervascular pattern [40].

Kogita et al. [26] demonstrated that the decrease in the
nodules’ portal supply in CT Hepatic Arterial Portography
(CTAP) is preceded by the decrease of Gd-EOB-DTPA
uptake and that this hepatobiliary agent can help in
diagnosing early malignant cirrhotic lesions. Only one case
of well-differentiated HCC was recently reported by Ahn et

al. [27] displaying a typical vascular pattern at dynamic
MRI but appearing isointense in the HB-phase, thus
expressing residual hepatocyte activity [44–46]. In our
study population, all HCCs with a typical appearance at
Dynamic MRI were also confirmed in the HB-phase by the
absence of uptake.

In the paper by Kogita [26], among 39 well-differentiated
HCCs, 5% were isointense in the HB-phase and among
8 DNs, 37.5% were hypointense, simulating HCCs: how-
ever, their pattern at dynamic MRI was not described and
their vascular behaviour could have been a diagnostic
determinant, as the final diagnosis should rely on the
combined reading of both phases.

In the study by Ahn et al. [27], 9 out of 84 HCCs
(10.7%) in six patients were exclusively identified by their
hypointensity on HB-phase images -and three were early
HCCs <1.5 cm-, while in our population 19 out of 20
HGDN/early HCC remained unclassified at dynamic MRI
alone because of atypical behaviour (Figs.1, 2) and were
diagnosed only in the HB-phase. The pathological expla-
nation of the absent arterial enhancement is the weak
development of non-triadal arteries in HGDN/early HCC,
making their characterization based on dynamic MR
phases impossible [46–49]. These results support the
hypothesis that hypointensity in the HB-phase indicates
the malignant nature of the lesion [24, 27] and that
hypointensity gradually increases as the nodule evolves
towards malignancy [25].

Score 1 Set 1 (%)a Set 2 (%)a P Valueb

Sensitivity 88.4 (153/173) 99.4 (172/173) 0.45

<1 cm 94 (31/33) 100 (33/33) 0.82

1–2 cm 87 (122/140) 99 (139/140) 0.45

P Valuec 0.79 0.99

Specificity 88 (37/42) 95 (40/42) 0.81

<1 cm 80 (4/5) 100 (6/6) 0.99

1–2 cm 91.6 (33/36) 94.4 (34/36) 0.92

P Value 0.99 0.92

Diagnostic Accuracy 88 (190/215) 98.5 (212/215) 0.43

<1 cm 90 (35/39) 100 (39/39) 0.74

1–2 cm 88 (155/176) 98.3 (173/176) 0.47

P Value 0.92 0.99

Positive Predictive Value 97 (153/158) 99 (172/174) 0.89

<1 cm 94 (31/33) 100 (33/33) 0.82

1–2 cm 97.6 (122/125) 98.6 (139/141) 0.99

P Value 0.88 0.99

Negative Predictive Value 65 (37/57) 97.5 (40/41) 0.18

<1 cm 66.6 (4/6) 100 (6/6) 0.99

1–2 cm 64.7 (33/51) 97 (34/35) 0.22

P Value 0.99 0.99

Table 2 Comparison of sensi-
tivity, specificity, diagnostic ac-
curacy, PPV and NPV between
the two sets of MR images for
diagnosis of HGDN/early HCC
(Score 1)

Set 1: unenhanced (basal T1-
and T2-weighted) and Dynamic
phases images (arterial-, portal
venous- and equilibrium-
phases); set 2: unenhanced, Dy-
namic phases and HB phases
(10- and 20-min delayed
images).
a Numbers in parentheses were
used to calculate the percentages.
b Difference between the two sets
of MR images.
c Difference between the two size
ranges (<1 cm and 1–2 cm)
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In our series, on the combined reading of dynamic and
HB-phase images (set 2) there was only one false-negative
early HCC, interpreted as RN because of both isovascu-
larity in the dynamic phase and isointensity in the HB-
phase. This pattern can be observed in well-differentiated
HCCs with a poor development of non-triadal arteries
combined with residual hepatocyte activity, allowing a
delayed uptake of the contrast material [44–46].

Gd-BOPTA-enhanced MRI with both dynamic and HB-
phase studies for lesions of <2 cm has shown a 63%
detection rate [50], and a maximum of 76% sensitivity,
further decreasing to a maximum sensitivity of 43% for
HCCs of <1 cm [31]. Gd-EOB-DTPA-enhanced MRI
demonstrated a higher (86%) sensitivity for HCCs of
≤2 cm, although tested on a small population (n=35) [51].

In our series, the dynamic MR phase (set 1) demonstrated
88.4% sensitivity, higher than the maximum rate of 75%
referred to by Ahn et al. [27], despite the same contrast medium
and the same HCC size (<2 cm) chosen in the two studies.

In our experience, the addition of the HB-phase to
dynamic MRI improved sensitivity up to 99.4%, with a net
gain of 11% in the detection rates of HGDN/early HCC of
<2 cm: similarly, a maximum increase in sensitivity from
85.7% to 91.7% was referred to by Ahn et al. [27] and a
gain of 13%—from 50% to 63%—in sensitivity was
reported by Marin et al. [50] by using Gd-BOPTA.

Instead, PPV was not affected by the addition of the HB-
phase (varying from 97 to 99%) as already reported by
Marin [50], in which PPV moved to 97% from 93%.
Conversely, the combined reading strongly influences the
NPV, which increased by 32.5% (until 97.5%) compared
with dynamic MRI alone (65%). This result, although
statistically not significant, is important for the management
of cirrhotic patients, who run a high risk of developing
malignant nodules.

Our study has some limitations. Taking into account that
the sensitivity of any test is increased by a higher pre-test
prevalence of the disease [51–53], it is pertinent to note that

Fig. 3 Gd-EOB-DTPA-enhanced MR images in a 55-year-old man
with histologically confirmed NRH in the VII segment. No definite
focal lesions were demonstrated on pre-contrast MRI T2-weighted (a)
and T1-weighted (b) images. On GRE 3D T1-weighted (LAVA)
images (c), the nodule appears slightly hypointense. On Dynamic MRI

the lesion is shown as homogeneously enhancing in the arterial phase
(d), becoming peripherally more hyperintense except for the core of
the lesion (e). In the hepatobiliary phase (f) after 20 min, the lesion
appears highly hyperintense, with an FNH-like appearance: peripheral
uptake of the contrast agent and hypointense central scar
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our population only included cirrhotic patients periodically
screened with US and referred for MR examination when
HCC was suspected. Our patients had, therefore, a rather
high chance of bearing a malignant nodule, as confirmed by
the low prevalence of non-HCC lesions we observed.
Nonetheless, this scenario reflects the best current clinical
practice for patients at risk of HCC.

Another limitation is that we might have missed a
substantial number of lesions because we did not have
pathological assessment of the whole liver, with the exception
of the 11 transplanted patients. Moreover, although all patients
had at least one pathologically confirmed lesion, the histolog-
ical assessment was not possible for nodules only visible on
MRI. Therefore, the high detection rates reported in this study
represent relative, not absolute, sensitivities. However, the
main purpose of our study was not to test the absolute
sensitivity of dynamic MRI and HB-phase separately, but to
evaluate the added value of the HB-phase to dynamic MRI in
the same sample population.

Furthermore, in the same category of malignant nodules
(score 1) we artificially considered both early HCC and
HGDN, assuming that these two entities cannot be distin-
guished at imaging and both are frequently atypical at
dynamic studies. Our choice is in line with the pathological
debate concerning these lesions. In Japan, ≤2 cm HCCs are
categorized in two types: “distinctly nodular” (usually hyper-
vascular at imaging) and “indistinctly/vaguely nodular” (non-
hypervascular) [17, 42, 45, 54–56]. However, the possibility
to achieve a clear distinction of the latter HCCs from
HGDNs is still debated with Western pathologists, who tend
to diagnose them as HGDNs [43].

In conclusion, given the high incidence of atypical nodules
(33% of patients) in our series together with a high rate of
malignant nodules (32%) among these (the “one-third rule”),
an extensive employment of Gd-EOB-DTPA-enhanced MRI
can be suggested in the follow-up of small nodules detected on
surveillance US. In our institution, Gd-EOB-DTPA is cur-
rently the first choice of contrast agent in liver MR studies for
evaluating these lesions, because the HB-phase assists in
better diagnosing early HCCs, which have a high chance of
being cured and a low risk of recurrence [57, 58].
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