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MAGNETIC RESONANCE IMAGING
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liver was subsequently explanted (on average 47.4  days 
after MRI evaluation), dissected into 1-cm samples, and 
histologically evaluated according to the classification of 
Edmondson–Steiner.
Results  At the histopathological examination, 46 nod-
ules were identified, on average 2.7 nodules for each 
patient. Of these, 37 were hepatocellular carcinomas, 
3 were characterized by histologically unrecognizable 
complete necrosis, and 6 showed high-grade dyspla-
sia. MRI with hepatospecific contrast medium showed 
inter-observer average values of sensitivity, specificity, 
and diagnostic accuracy of 94.6, 90, and 93.6 %, respec-
tively. In one case, a nodule was not identified by MRI 
with gadoxetic acid, even in the hepatospecific phase 
(false negative (FN)). This result could be implicated 
to the long time interval between the analysis and the 
explant (88 days). In another case, there was an overdi-
agnosis of a HCC with a typical nodular pattern (false 
positive (FP)), but which most likely should have been 
attributed to a previous echinococcus cyst. MRI analy-
sis, in combination with the study of the hepatobil-
iary phase, also showed a greater sensitivity, the same 
specificity, and a greater diagnostic accuracy compared 
to MRI evaluated only in the dynamic phases (with an 
average percentage between the two operators, respec-
tively, of 75.7, 90, and 78 %).
Conclusions  MRI with gadoxetic acid shows a diagnostic 
accuracy superior to contrast-enhanced MRI, allowing for 
the diagnosis of additional lesions, and it could be consid-
ered as an imaging method to carry out a more appropriate 
management of waiting lists for liver transplants.
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Abstract 
Aim  To assess the diagnostic performance of magnetic 
resonance imaging (MRI) with gadoxetic acid in the iden-
tification of hepatocellular carcinoma (HCC) nodules by 
comparison with histological findings.
Methods  In a cohort of patients suffering from cir-
rhosis of various etiologies (chronic hepatitis C virus 
(HCV) or hepatitis B virus (HBV), alcohol abuse, cryp-
togenic forms), we selected 17 patients affected by HCC 
who were eligible for liver transplantation on the basis 
of a computed-tomography (CT) total-body examination. 
Such patients also underwent an MRI examination under 
basal conditions, and with four dynamic phases, as well 
as a hepatobiliary phase acquired after at least 20 min and 
recognized by the excretion of contrast agent into the bile 
duct, following intravenous administration of 0.05  mol/
kg of gadoxetic acid (gadoxetate disodium, Primovist®; 
Bayer, Osaka, Japan). The MRI images were then evalu-
ated in a double-blinded experimental setup by two radi-
ologists experienced in imaging of the liver. The diagno-
sis of HCC was made in the presence of nodular lesions 
that showed typical or atypical enhancement patterns. The 
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Introduction

Liver transplantation represents the best available treatment 
for hepatocellular carcinoma (HCC), as it offers the chance 
to eradicate also the underlying disease, i.e., cirrhosis [1]; 
however, in a regime of low availability of organs, a proper 
selection of patients judged to be candidates for this com-
plex operation is crucial.

To date, magnetic resonance imaging (MRI) with non-
tissue-specific contrast media has been reported to be an 
excellent imaging technique for preoperative staging and 
tumor size measurement [2–4]. In this framework, notably, 
the introduction of MRI studies with the use of a hepato-
specific contrast agent has increased the diagnostic perfor-
mance of this method, especially in the identification and 
characterization of lesions with atypical patterns.

Lesions with less functioning hepatocytes, such as most 
HCCs, do not accumulate Gd-EOB-DTPA and appear as 
low-signal-intensity foci against the enhancing high-signal 
parenchyma in the hepatobiliary phase, thus improving 
tumor detection.

Since the amount of hepatocyte-selective contrast agent 
uptake by HCCs depends on the grade of differentiation of 
the tumor and the number of functional hepatocytes, post-
contrast delayed images have been shown to correlate with 
the histological degree of malignancy [5, 6].

In this study, we aimed to investigate the correlation, in 
terms of sensitivity and specificity, between the identifica-
tion of focal liver lesions with MRI using gadoxetic acid as 
contrast agent, and the histological findings obtained from 
explanted livers.

Materials and methods

We retrospectively evaluated the contrast-enhanced (CE) 
MRI examinations performed with a hepatospecific con-
trast medium in 17 patients with HCC, who were eligible 
for liver transplantation on the basis of a computed-tomog-
raphy (CT) total-body examination, and compared these 
measurements with the histological findings on explanted 
livers.

MRI analyses were performed on average 47.4  days 
before surgery (range 1–89  days) in order to perform a 
restaging of disease.

All participants, or a legal guardian on their behalf, pro-
vided informed consent.

The majority of patients (14) (82  %) had previously 
undergone surgery (resection of liver segments) or inter-
ventional procedures (transjugular intrahepatic portosys-
temic shunt (TIPS), pseudoaneurysm embolization, chem-
oembolization, ablation therapy through radiofrequency 

or microwaves)—as summarized in Table  1—in order to 
maintain patients within the list for transplantation (13) 
(76.5 %), with the exception of a TIPS (positioned to rem-
edy a condition of portal hypertension) and an emboliza-
tion of a pseudoaneurysm (performed to prevent bleeding).

The mean time on waiting list was 149 ± 140 days for 
patients with bridging therapy, and 86 ±  61 for patients 
without bridging therapy.

All patients met the Milan and up-to-seven criteria, on 
the basis of number and size of tumors diagnosed by stand-
ard MRI.

MRI examinations

MRI examinations were performed on a 1.5-T MR system 
(Achieva, Philips Medical SystemsTM, Best, the Nether-
lands) using a 16-channel phased-array surface coil, with 
the patients resting in a supine position and having fasted 
for at least 4 h before.

In all cases, the acquisition was performed in basal con-
ditions and in dynamic phases after the intravenous admin-
istration of 0.05  mol/kg of gadoxetic acid (gadoxetate 
disodium, Primovist®; Bayer, Osaka, Japan), followed by a 
bolus of 10 ml of saline injected at a flow rate of 2 ml/s.

The dynamic phases acquired were the following:

early arterial (15  s after administration of the contrast 
agent);
late arterial (35  s from the start and immediately after 
the previous phase);
portal (about 70  s after administration of the contrast 
agent);
at equilibrium (150 s after administration of the contrast 
agent).

Subsequently, other sequences were acquired in the axial 
plane: T2 TSE (turbo spin-echo), T2 adiabatic spectral 

Table 1   Previous interventions

TIPS, transjugular intrahepatic portosystemic shunt; TACE, trans-
arterial chemoembolization; RF, radiofrequency; MW, microwave

Previous interventions No. of patients

Segmentary resection
-IV
-VII

3
1
2

TIPS 1

Pseudoaneurysm embolization 1

TACE 10

Ablation therapy
-RF
-MW

3
2
1
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inversion recovery (SPAIR), and diffusion-weighted imag-
ing (DWI).

After at least 20  min, the hepatobiliary phases, recog-
nized by the excretion of contrast agent into the bile duct 
(or bile ducts in the main event of a previous surgery on 
the biliary system), were acquired with the use of T1 and 
T1 SPGR fat-sat-spoiled gradient-echo (GRE) “in phase” 
on the axial plane.

The detailed acquisition protocol is summarized in 
Table 2.

Analysis of images

The MR images were evaluated under double-blind condi-
tions by two radiologists with at least 10 years of experi-
ence in liver imaging and at least 5 years of experience in 
hepatobiliary-phase MR imaging. The diagnosis of HCC 
was made in the presence of nodular lesions that showed 
one of the following enhancement patterns:

intense enhancement in the arterial phase and washout in 
the portal phase or equilibrium (typical pattern);
intense enhancement in the arterial phase, washout in 
the portal phase or equilibrium, and “hypointensity” due 
to no uptake of the contrast agent during the hepatobil-
iary phase (typical pattern);
intense enhancement in the arterial phase and “hypoin-
tensity” due to no uptake during the hepatobiliary phase 
(atypical pattern);
mild or atypical enhancement in the arterial phase gra-
dient, presence of washout in the portal phase or equi-
librium, and no uptake during the hepatobiliary phase 
(atypical pattern).

During hepatobiliary phase, we defined “no-uptake” 
as positive only when the lesion was clearly depicted as 

moderately or substantially hypointense compared with the 
hepatic parenchyma.

Each operator reported size and location of the lesions 
found.

Treated lesions with partial or no response were evalu-
ated only for the residual vital portion of the lesions as the 
presence of enhancement pattern described above.

Statistical analysis

Sensitivity, specificity, and diagnostic accuracy of each 
measurement were first evaluated separately, and then cor-
related with the histopathological findings, which are con-
sidered the gold standard for diagnosis.

Sensitivity was calculated as the ratio of TP (true 
positives; the number of nodules correctly diagnosed 
through imaging techniques) to total tumors identified 
histologically (TP/TP +  FN, false negatives). Specific-
ity was calculated as the ratio of TN (true negatives, 
which is the number of dysplastic nodules and those 
considered non-viable or necrotic after downstaging) 
to the total of non-neoplastic nodules (TN/TN  +  FP, 
false positives). The diagnostic accuracy was calculated 
using the formula: TP  +  TN/total nodules identified 
(TP + TN + FN + FP).

The imaging measurements obtained (TP and TN) were 
also compared separately with those detected histologi-
cally, using the nonparametric Spearman correlation coef-
ficient; a value of p  <  0.001 was considered statistically 
significant.

In addition, the correlation between the results obtained 
by the examiners was calculated using the kappa test in 
order to assess the repeatability of the evaluations. Sub-
sequently, the two radiologists performed a review of the 
MRI examinations, in order to evaluate the diagnostic accu-
racy of the dynamic and hepatobiliary phases.

Table 2   MRI acquisition protocol

Basal T1 GRE (gradient-echo) “in phase” (TR/TE 111/4.6 ms; thickness 6 mm, gap 1; 268 × 170 matrix; 
flip angle 80°) and “out of phase” (TR/TE 111/2.3 ms; thickness 6 mm, gap 1; 268 × 170 matrix; flip 
angle 80°) in the axial plane

HASTE sequences (half-Fourier acquisition single-shot turbo spin-echo) in the coronal plane (TR/TE 
4.1/2.0; 5 mm, gap 0.5; 300× 206 matrix; flip angle 90°)

Contrast medium dynamic acquisition T1 SPGR (spoiled gradient-echo) fat-sat (TR/TE 4.0/1.94 ms; matrix 180 × 154; flip angle 10°; voxel 
acquisition 2.08 × 2.21 × 5.20 mm; voxel reconstruction 0.71 × 0.71 × 2.60 mm)

(At 15, 35, 70, 150 s)

Post-contrast medium T2 TSE (turbo spin-echo) (TR/TE 7076/82; thickness 6 mm, gap 1; matrix 308 × 224)
T2 SPAIR (adiabatic spectral inversion recovery) (TR/TE 471/80 ms; thickness 6 mm, gap 1; matrix 

252 × 226)
DWI (diffusion-weighted imaging) (TR/TE 2888/75 ms; thickness 7 mm, gap 1; 128× 83 matrix; b 

0-800)

Hepatobiliary phase T1 on axial plane
T1 SPGR GRE “in phase” on axial plane
(20 min after MDC administration)
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In particular, it was compared the number of lesions 
(TP and TN) identified only by dynamic MRI positive 
phases (typical pattern), MRI with dynamic and hepa-
tobiliary positive phases (typical pattern), and the MRI 
dynamic negative phases, but positive only with the aid of 
hepatobiliary phase (atypical patterns, i.e., cases in which 
the use of the hepatospecific contrast agent is essential for 
the diagnosis).

Lastly, a restaging of patients was performed, in agree-
ment with the data obtained through hepatospecific con-
trast-enhanced MRI, and was calculated by the number of 
patients as follows:

–– subjects who met the Milan criteria with standard 
dynamic MRI but not with the MRI using gadoxetic 
acid. These patients, however, met the up-to-seven cri-
teria;

–– subjects who met the Milan or up-to-seven criteria with 
standard methods, but did not meet any criteria currently 
in use after MRI with hepatospecific contrast medium.

Histopathological analysis of explanted livers

The organ was removed, weighed, and subsequently dis-
sected into 1-cm explants to be closely examined; the 
hepatic artery, portal vein, bile duct, and gallbladder were 
cut longitudinally.

For each tumor lesion, the following features were 
described: the seat, or the anatomical segment; the dimen-
sions; the cellular grading based on nuclear characteristics 
according to the classification of Edmondson–Steiner; the 
presence of microscopic vascular invasion; and the possible 
presence of satellite nodules, i.e., located within 2  cm of 
the primary lesion.

Results

A total of 46 nodules were identified on the basis of a his-
topathological examination (average 2.7 nodules for each 
patient; range 1–6 nodules/patient). Of these nodules, 37 
were HCCs, 3 were characterized by histologically unrec-
ognizable complete necrosis, and 6 showed high-level 
dysplasia. Some of these HCCs showed areas of partial 
necrosis, and most of them were moderately or poorly dif-
ferentiated (Grade II–III of the Edmondson–Steiner scale).

The histological data are summarized in Table 3.
Histologically, the nodules showed an average size of 

17.2 mm (range 5–56 mm). The correlation of the dimen-
sions measured with MRI imaging was high for both 
operators (r  =  0.96) with statistically significant values 
(p < 0.0001).

On the analysis carried out by both operators, 28 showed 
a typical pattern (75.6  %) (Fig.  1), 8 showed an atypical 
pattern (21.6 %) (Fig. 2), and 1 nodule was not detected by 
any of the methods used (FN).

The hepatobiliary phase allowed for the efficacious diag-
nosis of 8 (28.6 %) additional hepatocellular carcinomas.

MRI with hepatospecific contrast medium showed sensi-
tivity, specificity, and diagnostic accuracy of 97.3, 90, and 
95.7 % for the first operator, and 91.9, 90, and 91.5 % for 
the second operator. The inter-observer average values of 
sensitivity, specificity, and diagnostic accuracy were 94.6, 
90, and 93.6 %, respectively.

In one case, a nodule was not identified by MRI with 
gadoxetic acid, even in the hepatospecific phase (FN). In 
this case, the time interval between the analysis and the 
explant was particularly high (88 days).

In another case, a nodule was diagnosed as a hepatocel-
lular carcinoma with a typical nodular pattern, although 
likely it should have been referable to a previous inflam-
matory–infectious event (echinococcus cyst), as reported in 
the medical history of the patient.

MRI assessment, together with the hepatobiliary-phase 
analysis, also showed greater sensitivity, the same specific-
ity, and greater diagnostic accuracy (94.6, 90, and 93.6 %) 

Table 3   Characteristics of nodules

FP, false positive; FN, false negative; HCC, hepatocellular carcinoma

Histology (n) Gadoxetic acid MRI (n)

Total no. of identified 
nodules

46 46

No. of nodule(s)/patient Patients Patients

 1 nodule
 2 nodules
 3 nodules
 4 nodules
 5 nodules
 6 nodules

6
3
3
2
1
2

6
3
3
2
1
2

Nodule characteristics

 HCC 36 37 (1 FP)

 Complete Necrosis 4 3 (1 FN)

 Dysplastic nodules 6 6

Grading HCC (Edmondson–Steiner)

 I 5

 II 8

 III 20

 IV 4

Nodule dimensions

 <10 mm
 10–19 mm
 20–29 mm
 30–39 mm
 40–49 mm
 >50 mm

8
26
5
4
1
2

7
26
7
2
2
2
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compared to MRI evaluated in the dynamic phases alone 
(75.7, 90, and 78 %).

The staging of patients before transplantation performed 
with standard dynamic MRI methods resulted in the inclu-
sion of 12 patients according to the Milan criteria and all 
17 patients considering the up-to-seven criteria.

With the aid of the hepatobiliary phase, 11 patients were 
included in the Milan criteria (1 less, 5.9 %) and 14 in the 
up-to-seven criteria (3 less, 17.6 %). These 3 patients were 
found to be outside the transplantation criteria currently in 
use, and the diagnosis was confirmed histologically.

The comparison between the staging performed through 
hepatobiliary MRI with hepatospecific contrast medium, 
and that deduced from the histological analysis, showed 
a high correlation, except for two patients who were not 
included in the Milan criteria with standard MRI. Of these, 
one result was a false positive, and the other had been 
excluded from the Milan criteria due to an overestimation 
of the size, although it fit the up-to-seven criteria.

Discussion

Given the low availability of organs and the related allo-
cation inadequacy, a proper selection of patients eligible 
for liver transplantation is crucial, especially in light of the 
ethical controversies that emerged with the current scoring 
system, which seems to favor patients with HCC compared 
to those with other diseases [7, 8], leading to the so-called 
MELD-exception (Model for End-Stage Liver Disease).

MRI and CT with dynamic use of extracellular contrast 
agents are currently considered the preferable choice for 
noninvasive diagnosis and staging of hepatocellular carci-
nomas greater than 1 cm, and with a typical pattern (intense 
contrast enhancement in the blood phase and the presence 
of washout in the portal phase and/or late phase) [9].

A correct diagnosis has gained more importance follow-
ing the recent expansion of the criteria for inclusion in the 
transplant list: The “Milan criteria” are often replaced by 
the “up-to-seven criteria” proposed by Mazzaferro et  al. 

Fig. 1   Hepatospecific CE-MRI (gadoxetic acid) and T1 spoiled 
gradient-echo fat-sat show HCC nodule (28 ×  31 mm) with typical 
pattern located in the VI liver segment. There is evidence of early 
enhancement during the arterial phase (a), and washout with evidence 

of a pseudocapsule during the portal phase (b). Lesion does not show 
uptake of contrast agent during hepatobiliary phase (c). Histological 
findings: poorly differentiated hepatocellular carcinoma

Fig. 2   Hepatospecific CE-MRI (gadoxetic acid) and T1 spoiled gra-
dient-echo fat-sat depict two nodules: one HCC with atypical pattern 
and another one with typical pattern both in the VII liver segment. 
CE-MRI shows early enhancement on arterial phase of two nodules 
of 9 mm of diameter (a). During portal phase (b), a nodule (yellow 

arrow) is characterized by rapid washout, differently from the other 
lesion (red arrow). During the hepatobiliary phase (c), both lesions 
show no uptake of the hepatospecific contrast agent. Histological 
findings: well-differentiated hepatocellular carcinomas
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[10], as these ensure a patient survival rate of 71.2  % at 
5 years from transplantation, which is indeed similar to that 
of patients who fit the conventional criteria.

The introduction of the MRI studies with hepatospecific 
contrast media has increased the diagnostic performance of 
this method, especially in the identification and characteri-
zation of lesions with atypical patterns, i.e., those which do 
not show one or more of the typical characters described 
above (lesions that do not show a significant washout in the 
portal and/or late stages or lesions characterized by wash-
out with small or no obvious enhancement in the arterial 
phase).

The analysis of the hepatobiliary phase in which we 
can appreciate the excretion of the contrast agent formerly 
taken up by liver cells, in the bile ducts, adds valuable 
information about the degree of cellular anaplasia: liver 
cells which have lost cell differentiation will likely have a 
different behavior than the surrounding liver parenchyma 
and appear “hypointense.”

Our study showed a high sensitivity (94.6 %) of hepat-
ospecific MRI contrast agents and a specificity of 90  %, 
equal to the specificity of non-hepatospecific MRI contrast 
agents. These encouraging results are attributable to the 
large diagnostic criteria selected that consider both positive 
nodules with a typical pattern (Fig.  1) and those with an 
atypical pattern, associated with hypointensity in the hepa-
tobiliary phase (Fig. 2). This type of analysis is based on 
several studies that have shown a higher diagnostic value 
of the hepatobiliary phase when used in the diagnostic 
workup, in association with the dynamic phases [11, 12].

The two examiners within the double-blinded setup 
adopted showed a good correlation in the evaluations 
(k = 0.72), which was particularly high for positive obser-
vations (k = 0.83), probably due to the higher prevalence of 
the latter.

In this study, all examinations were reviewed by radiolo-
gists with at least 10 years of experience in liver imaging 

and at least 5  years of experience in hepatobiliary-phase 
MR imaging. However, the hepatobiliary-phase imaging 
appearance of HCC was not included in the New OPTN/
UNOS (Organ Procurement and Transplantation Network/
United Network for Organ Sharing) Policy for Liver Trans-
plant Allocation because the consensus meeting took place 
shortly after Food and Drug Administration approval of the 
agent for clinical use in the United States [13].

We think that it could be interest to evaluate the added 
value of the hepatobiliary phase also for novice reader in 
order to quantify the real contribution to the final diagnosis 
in clinical practice.

The high incidence of hepatocellular carcinomas 
(100  %) in our sample of patients, who were already 
considered candidates for transplantation on the basis 
of a CT-total-body examination, could also have influ-
enced the assessments made by the two operators, with 
a tendency toward overestimation of tumor lesions. The 
results, however, showed only 1 FP (Fig. 3), and the data 
are in agreement with different studies in the literature 
which demonstrated a high diagnostic accuracy of MRI 
with hepatospecific contrast medium, in comparison with 
dynamic contrast-enhanced MRI alone [14, 15].

Such studies, however, encompass different types of 
patients, which include both those subjected to total hepa-
tectomy in view of liver transplantation, and those who 
underwent a lobectomy, removal of a segment, or simply 
a needle biopsy for histological confirmation of suspi-
cious lesions. Thus, it cannot be excluded that the patients 
considered in these studies had additional injuries, undi-
agnosed with standard imaging analysis, with an underes-
timation of lesions actually present and a consequent over-
estimation of diagnostic accuracy.

The peculiarity of our study lies in the population itself 
of the patients selected, as we considered only transplant 
candidates with a histological assessment of the actual 
number of tumor lesions present or not in the organ 

Fig. 3   False-positive case. Hepatospecific CE-MRI (gadoxetic acid) 
and T1 spoiled gradient-echo fat-sat in the arterial phase show a nod-
ule (17 mm) in the VII liver segment with intense enhancement (a) 
and a washout with pseudocapsule evidence during the late phase 

(b). In the hepatobiliary phase (c), nodule does not show contrast 
medium uptake, and it was considered as a typical pattern for HCC. 
The patient had another HCC nodule, which is not shown. Histologi-
cal findings: infectious–inflammatory sequelae
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considered as a whole; this brought us to a more accurate 
and reliable evaluation of diagnostic performance. The 
diagnostic accuracy as evaluated through the analysis of 
MRI with hepatospecific contrast medium is also more than 
just a dynamic study, with the diagnosis of eight further 
hepatocellular carcinomas, corresponding to an additional 
28.6 % of diagnosed lesions.

In our experience, the mean time on waiting list was 
149  days, and the interval for imaging before orthotopic 
liver transplantation (OLT) was 47  days. As reported by 
Singh et  al., imaging of the recipient liver should be per-
formed as close to the time of transplantation as possible 
because tumors may grow rapidly, invade local structures, 
or metastasize, which may affect the stage of disease, man-
agement perspective, and surgical technique [16].

Several recent studies have evaluated MRI data with 
gadoxetic acid in patients eligible for transplantation and 
compared it with findings from the histological examina-
tion of the liver in toto [16–19]. Bartolozzi et al. [17] evalu-
ated the dynamic phases of RM separately, particularly the 
arterial phase and the hepatobiliary one, demonstrating 
a high predictive value of the typical pattern and the high 
sensitivity of the hepatobiliary phase, close to 100 % in the 
group of hepatocellular carcinomas, as well as high speci-
ficity, considered evaluating both hepatocellular carcino-
mas and high-degree dysplastic lesions.

Nakamura et  al. [18] compared different combinations 
of diagnostic criteria, obtained by considering only the 
arterial and hepatobiliary phases, reporting very low sen-
sitivity values (ranging between 22.5 and 69  %). How-
ever, an important limitation of such approach is the miss-
ing evaluation of the portal and late phases, which instead 
were included in our present study, and in which lesions 
that showed washout associated with hypocaptation dur-
ing hepatobiliary phases (atypical pattern) were considered 
positive.

Baird et al. [19] showed a very high specificity (100 %) 
but a very low sensitivity (42.5  %). These results could 
be explained by the time lag between the diagnostic test 
and the liver removal (in 1/3 of the cases of more than 
4 months) and also by the high prevalence of moderately 
differentiated or well-differentiated hepatocellular carcino-
mas in the study population.

Criticism toward this methodological approach was 
addressed to the excessive number of false positives that 
the assessment of hepatobiliary phase can generate, result-
ing in reduced specificity. To overcome this limitation, in 
our study we considered positive only the cases in which 
the intensity of the lesions was markedly and unequivocally 
lower than that of the surrounding parenchyma.

Moreover, our study shows that MRI with gadoxetic 
acid can influence and change the diagnostic classifica-
tion of patients, and thus re-establish available therapeutic 

strategies. Our restaging, simulated on the basis of data 
obtained taking into account the hepatobiliary evaluation, 
shows that a significant percentage of patients (17.6 %, 3 
patients) did not even meet the broadened up-to-seven cri-
teria, recently introduced.

In two of those 3 cases, the additional lesions found, 
which resulted in the exclusion from transplantability 
criteria, showed a diameter less than or equal to 1  cm as 
well as an atypical pattern (Fig. 3). This demonstrates the 
high diagnostic potential of MRI with gadoxetic acid, par-
ticularly in the early diagnosis of HCCs, even when these 
lesions do not express the typical alterations of the micro-
circulation (sinusoidal capillarization and presence of arter-
ies “not coupled” to bile vessels), which occur when stud-
ied with the characteristic dynamic MRI pattern.

In the third case, the exclusion from the up-to-seven 
criteria was determined by a more accurate assessment of 
the main nodule size (56 vs. 48 mm). The reliability of the 
measurements is shown in our study by the high correlation 
between the actual size of the lesions identified, as reported 
histologically, and those measured with pre-intervention 
MRI (r = 0.96).

Today, due to the continuous improvement of imaging 
technique, the right allocation of patients for OLT is a real 
challenge both for clinicians both for radiologists and sur-
geons. When Radiologists made a false-positive diagnosis 
of HCC, it could be an incorrect elimination from trans-
plantation candidacy. Indeed, a false-positive diagnosis of 
HCCs in potential candidates may lead to incorrect assign-
ment of additional priority for liver transplantation accord-
ing to the UNOS guidelines. Nevertheless making a false-
negative diagnosis of HCC might also cause problems [20].

The increased sensitivity of Gd-EOB MRI could exclude 
from the best therapy available but it is also true that it is 
well debated that both Milan and new Milan criteria for 
listing are felt to be too restrictive. However approaches to 
expand criteria for OLT listing are limited by the shortage 
of donated livers and lack of robust pretransplant imaging 
findings to identify predictors of tumor recurrence such as 
microscopic vascular invasion and tumor satellites that pre-
vail among patients exceeding Milan criteria [21].

Listing for transplantation based on UCSF criteria, 
which include 1 nodule ≤6.5 cm, or 2–3 nodules ≤4.5 cm 
to reach a total tumor diameter ≤8 cm, resulted in a com-
parable 5-year recurrence-free probability (90 and 94 %) in 
patients within and outside Milan criteria, while the risk of 
pretreatment tumor understaging was similar for patients 
within the Milan (20 %) and UCSF (University of Califor-
nia San Francisco) (29 %) criteria [22].

On the basis of all these considerations, it can be 
deduced that choices leaning toward liver transplantation 
that lie outside the currently accepted criteria determine 
not only a waste of economic resources, but also a high 
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probability of recurrence of the disease in an organ that 
is ineluctably subtracted to other patients with higher life 
expectancy.

An important limitation of our study is the small num-
ber of patients. Further studies with a large population 
should be performed to verify the potential of hepatobil-
iary imaging, especially in patients with advanced liver 
cirrhosis.

Conclusions

MRI with hepatospecific contrast medium shows high 
sensitivity and specificity in the diagnosis of hepatocellu-
lar carcinomas in liver cirrhosis. Our results show that the 
diagnostic accuracy was superior to that of the dynamic 
MRI alone, leading to the diagnosis of 8 additional HCCs 
(28.6 % of the total lesions).

The clinical use of this method, especially in patients 
whose perspectives are liver transplantation, could play a 
primary role, allowing for a more appropriate management 
of waiting lists, with a reduced squander of economic and 
health resources and, above all, a minimization of the waste 
of organs that could instead be assigned to those patients 
who could potentially show greater benefits in terms of 
outcome. In our study, three patients, or 17.6  %, would 
not have been eligible for transplantation if the staging had 
taken into account the hepatobiliary phase with gadoxetic 
acid.

In conclusion, our data are encouraging and may be use-
ful in the critical decision-making of whether a patient is 
eligible for liver transplantation; however, additional stud-
ies are needed to confirm and extend the results of our 
research, in order to consider them more stable and reliable.
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