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Abstract
Objectives To use Liver Imaging Reporting and Data System (LI-RADS) categorization and features of hepatocellular carcino-
mas (HCCs) to intraindividually compare gadopentetate dimeglumine-enhanced magnetic resonance imaging (Gd-DTPA-MRI)
and gadoxetic acid-enhanced MRI (Gd-EOB-MRI), before and after applying modified major features.
Methods Of 77 HCCs in 64 patients analysed, 17 HCCs were confirmed histopathologically and 46 patients had cirrhosis. Gd-
EOB-MRI and Gd-DTPA-MRI were evaluated for the presence of major and ancillary features by two radiologists. LI-RADS
categorization was done for Gd-DTPA-MRI (LI-RADS-DTPA) and for Gd-EOB-MRI before and after applying modified major
features (hepatobiliary phase [HBP] hypointensity as an additional major feature, LI-RADS-EOBm1; HBP hypointense rim as
capsule appearance, LI-RADS-EOBm2; and transitional phase [TP] hypointensity as washout appearance, LI-RADS-EOBm3).
Sensitivities of LR-5 categorization for the diagnosis of HCC were compared.
Results Washout (p=0.012) and capsule appearance (p<0.001) were less frequently observed on Gd-EOB-MRI. Sensitivity for
LR-5 categorization was significantly higher with LI-RADS-DTPA compared with LI-RADS-EOB (p=0.001) and LI-RADS-
EOBm2 (p=0.004), while sensitivity for LR-5 categorization with LI-RADS-EOBm1 (p=0.210) and LI-RADS-EOBm3
(p=0.727) was comparable.
Conclusion Modifying LI-RADS for use with Gd-EOB-MRI, such as applying HBP hypointensity as an additional major feature
or using TP hypointensity as washout appearance, can improve the sensitivity for the detection of HCC.
Key Points
• Adding HBP hypointensity as additional major feature improved sensitivity of LR-5 categorization.
• Adding TP hypointensity as modified washout appearance improved sensitivity of LR-5 categorization.
• Sensitivities for LR-5 classification were comparable between LI-RADS-DTPA, LI-RADS-EOBm1, and LI-RADS-EOBm3.
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Introduction

According to the guidelines of the American Association for the
Study of Liver Diseases (AASLD) and the European
Association for the Study of the Liver (EASL), hepatocellular
carcinoma (HCC) can be diagnosed based solely on imaging in
high risk patients (e.g., cirrhosis, chronic hepatitis) when hepatic
nodules larger than 1 centimetre (cm) show arterial phase hyper-
enhancement followed by washout on the portal venous phase
(PVP) and/or the delayed phase (DP) on dynamic computed
tomography (CT) or magnetic resonance imaging (MRI) using
extracellular contrast media (ECCM) [1, 2]. However, these
guidelines are not sufficiently detailed to achieve uniform ad-
herence by different radiologists, which may lead to confusion
and inconsistency in clinical practice [3]. To address this issue,
the Liver Imaging Reporting and Data System (LI-RADS) was
developed by the American College of Radiology [3, 4].

LI-RADS assigns a categorization to a lesion according to
its probability of HCC, ranging from LR-1 (definitely benign)
to LR-5 (definitely HCC). This categorization incorporates
both major and ancillary features. Major features include arte-
rial hyper-enhancement, washout appearance, and capsule ap-
pearance, and are used primarily to categorize hepatic lesions.
Ancillary features are used to upgrade a lesion’s categorization
(but not beyond LR-4) or downgrade a lesion’s categorization.
LI-RADS v2014 incorporated the use of hepatobiliary contrast
agents, such as gadoxetic acid, as a means of detecting ancil-
lary features. It is well known that hepatobiliary phase (HBP)
imaging on gadoxetic acid-enhanced MRI (Gd-EOB-MRI)
provides increased lesion-to-liver contrast, enabling early de-
tection of small HCCs and increasing the diagnostic sensitivity
of MRI as compared to ECCM-enhanced MRI (ECCM-MRI)
[5–7]. Choi et al showed that the detection of arterial phase
hyper-enhancement and HBP hypointensity significantly in-
creased the sensitivity (without altering the specificity) of di-
agnosis of small HCCs (≤ 2 cm) compared with EASL criteria
[8]. An et al suggested that considering the detection of a
smooth hypointense rim surrounding the lesion in HBP imag-
ing as a capsule appearance improved the ability to diagnose
HCC [9]. However, HBP hypointensity and the appearance of
a HBP hypointense rim are only regarded as ancillary features
that may favour the diagnosis of HCC in LI-RADS. Several
Asian guidelines allow use of both PVP and transitional phase
(TP) of Gd-EOB-MRI for determination of the washout ap-
pearance, while most of themajor international guidelines only
allow use of PVP of Gd-EOB-MRI for this purpose [10, 11].

A number of studies have validated LI-RADS using im-
ages from ECCM-enhanced CT and/or MRI, but only a few
studies used Gd-EOB-MRI to validate LI-RADS or compared
this modality to ECCM-enhanced CT [4, 12–15]. We hypoth-
esized that to optimize the use of LI-RADS with Gd-EOB-
MRI, additional major features of HCC should be considered,
specifically HBP hypointensity, HBP hypointense rim, or TP

hypointensity. LI-RADS categorization cannot be upgraded
from LR-4 to LR-5 with ancillary features, while the presence
of two or more major features can upgrade a case to LR-5. To
the best of our knowledge, there are no data comparing LI-
RADS using ECCM- and Gd-EOB-MRI images. The purpose
of this study was to compare the frequency of major imaging
features of LI-RADS and LI-RADS categorization on images
obtained using both ECCM- and Gd-EOB-MRI, and to inves-
tigate the possibility that ancillary features of Gd-EOB-MRI
images can be used to upgrade LI-RADS categorization of a
lesion to LR-5.

Materials and methods

The Institutional Review Board of our hospital approved this
study and waived the requirement for informed consent. This
was a retrospective study using previously published data
[16]. From January 2009 to November 2009, 80 patients
suspected of having HCCs or liver metastases based on prior
CT or sonography were prospectively enrolled at our hospital
to compare the diagnostic accuracy and sensitivity of Gd-
EOB-MRI with double-contrast MRI, which combines
gadopentetate dimeglumine-enhanced MRI (Gd-DTPA-
MRI) and superparamagnetic iron-oxide-enhanced MRI for
lesion detection. The prior study included 49 patients with
56 HCCs and compared the typical vascular enhancement
patterns and capsule appearance of HCCs using three consec-
utive imaging studies: dynamic CT, Gd-DTPA-MRI, and Gd-
EOB-MRI. This current study used this same sample; howev-
er, we did not exclude patients without a dynamic CT, and we
focused on comparing LI-RADS categorization using Gd-
DTPA-MRI and Gd-EOB-MRI.

MR imaging techniques

All MR examinations were performed using a 1.5-Tesla (T)
MR sys tem (MAGNETOM Symphony; S iemens
Healthineers) equipped with an 8-channel body phase-array
coil. We obtained two-dimensional gradient-echo (GRE) T1-
weighted images with dual-echo acquisition (repetition time/
echo times [TR/TE], 180/2.4-5.2 milliseconds [ms]; flip an-
gle, 70°; matrix, 384 × 225; Field of View (FOV), 350 × 320
millimetres [mm]; slice thickness, 6 mm), fat-suppressed fast
spin-echo (FSE) T2-weighted images (TR/TE, 3378-4800/68-
76 ms; flip angle, 150°; matrix, 384 × 225; FOV, 350 × 320
mm; slice thickness, 6 mm). Three-dimensional dynamic fat-
suppressed GRE T1-weighted images (TR/TE, 4.3/2.0 ms;
flip angle, 12°; matrix, 256 × 133; FOV, 305 × 263 mm; slice
thickness, 2.5-3.0 mm) were acquired using Gd-EOB-MRI
(including dynamic phase and HBP) and Gd-DTPA-MRI (in-
cluding just the dynamic phase). The delay after contrast ma-
terial administration for arterial phase (AP) imaging was
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determined using the MR fluoroscopic bolus detection tech-
nique (CARE Bolus; Siemens Healthineers). The mean delay
times for the AP, PVP, and DP/TP were 20, 60, and 180 s,
respectively. Using Gd-EOB-MRI, the HBP images were ac-
quired at 10 and 20 min after the administration of contrast
medium, and 20-min HBP images were used for image analy-
sis. Each phase was acquired during the breath-hold period
during end-expiration. Gadopentetate dimeglumine
(Magnevist; Bayer Healthcare) and gadoxetic acid (Primovist,
Eovist; Bayer Healthcare) were administered intravenously by
using a standard weight-based dose of 0.1 millimole/kilogram
([mmol/kg] or 0.2 millilitres/kilogram [mL/kg]) and 0.025
mmol/kg (or 0.1 mL/kg) at a rate of 2 millilitres/second
(mL/s) for the gadopentetate dimeglumine and 1 mL/s for the
gadoxetic acid, both followed by a 20 mL saline flush.

Image analysis

Two abdominal radiologists (with 10 and 4 years of experience
in abdominal imaging) whowere aware of the study population
and objectives independently analysed all of the MR images in
two review sessions separated by 4 weeks. In the first session,
Gd-DTPA-MRI images were evaluated by reviewer 1 and Gd-
EOB-MRI images were evaluated by reviewer 2; this order was
reversed in the second session. Reviewers were not blinded to
the MR contrast agent used in the studies since they could
detect the presence of HBP on Gd-EOB-MRI. The target nod-
ules were marked by the study coordinator. Each lesion was
evaluated for the presence or absence of major features (arterial
phase hyper-enhancement, washout appearance, or capsule
appearance) and ancillary features (hypointensity on the TP
or HBP, mild–moderate T2 hyperintensity, restricted diffusion,
distinctive rim, corona enhancement, HBP hypointense rim,
mosaic architecture, nodule-in-nodule architecture,
intralesional fat, lesional iron sparing, lesional fat sparing, and
blood products) that may favour malignancy or benignity (ho-
mogeneous-marked T2 hyperintensity, homogeneous-marked
T2 or T2* hypointensity, HBP isointensity, undistorted vessels,
and parallel blood pool enhancement) during the first session.
Nodule size was measured as the longest diameter on TP or
HBP on Gd-EOB-MRI images. Since previous images were
not provided in the analysis for comparison, threshold growth
and visibility on ultrasound were not considered in LI-RADS
categorization. After an initial independent review, any discor-
dant imaging features between the two reviewers were resolved
by consensus discussion during the second session.

For Gd-EOB-MRI, LI-RADS categorization was done four
times. The first categorization was performed before applying
the modified major features (LI-RADS-EOB) and the subse-
quent three categorizations were performed after applying the
modified major features (LI-RADS-EOBm1, LI-RADS-
EOBm2, and LI-RADS-EOBm3). The modified major fea-
tures of LI-RADS-EOBm1 included arterial phase hyper-

enhancement, washout appearance, capsule appearance, and
HBP hypointensity. The modified major features of LI-
RADS-EOBm2 included arterial phase hyper-enhancement,
washout appearance, capsule appearance, and an HBP
hypointense rim considered as modified capsule appearance.
The modified major features of LI-RADS-EOBm3 included
arterial phase hyper-enhancement, washout appearance, cap-
sule appearance, and TP hypointensity as modified washout
appearance. All definitions regarding the imaging features and
principles behind the determination of LI-RADS categories
were based on LI-RADS v2014 [3].

Statistical analysis

The frequencies of each major and modified major feature,
except HBP hypointensity, were compared between Gd-
DTPA-MRI and Gd-EOB-MRI using the McNemar test.
Subgroup analysis was performed according to lesion size
(<10mm, 10–19mm, ≥20mm) determined by the mean value
of the tumor diameter measurements of the two reviewers.
Interobserver agreement was assessed using the kappa test.
Agreement between Gd-DTPA-MRI and Gd-EOB-MRI for
LI-RADS categorization was assessed using the kappa test.
Kappa values were interpreted as follows: poor agreement,
<0.20; fair, 0.20–0.39; moderate, 0.40–0.59; substantial,
0.60–0.79; and almost perfect, ≥ 0.80. Per-lesion sensitivities
of LR-5 for the diagnosis of HCCs were compared between
Gd-DTPA-MRI and Gd-EOB-MRI using the McNemar test.

All statistical analyses were performed using MedCalc ver-
sion 13.0.0.0 (MedCalc Software) or SPSS version 22 (SPSS
Inc.). A p value of < 0.05 was considered statistically
significant.

Results

Patients

The current study included 77 HCCs (2.0 ± 1.2 cm; range, 0.8 –
9.9 cm) in 64 patients (53 males and 11 females; mean age,
57.6 years; range, 35 – 76 years) with chronic hepatitis or
cirrhosis who underwent two MR examinations: Gd-EOB-
MRI and sequentially acquired Gd-DTPA-MRI. The interval
between the two MR examinations ranged from 1 to 18 days
(mean interval, 5 days). The causes of chronic hepatitis or liver
cirrhosis were as follows: hepatitis B (n = 35), hepatitis C
(n = 7), alcohol abuse (n = 20), and cryptogenic (n = 2). Forty-
six patients had liver cirrhosis (Child-Pugh class A/B = 41/5).

Lesion confirmation

Of the 77 nodules, 17 nodules were confirmed as HCC
through histopathology by surgical resection, and 60 nodules

Eur Radiol (2019) 29:401–410 403



were diagnosed by the typical enhancement pattern of HCC
according to the 2010 AASLD guidelines (arterial phase
hyper-enhancement and PVP or DP washout on dynamic
CT and/or Gd-DTPA-MRI) [2]. Of the 60 nodules, 47 were
treated by transarterial chemoembolization; and characteristic
angiographic findings as well as compact lipiodol uptake were
confirmed on a follow-up CT. Of the remaining 13 nodules,
which were all larger than 1 cm with a typical HCC enhance-
ment pattern, eight nodules were treated by radiofrequency
ablation, and five nodules had no follow-up data. Of 55 nod-
ules treated either by transarterial chemoembolization or ra-
diofrequency ablation, 26 nodules (47.3 %) showed local tu-
mor progression on follow-up.

Comparison of the frequencies of major features
and modified major features

Among the major features, the percentage of cases demon-
strating arterial hyper-enhancement was not significantly dif-
ferent between Gd-DTPA-MRI and Gd-EOB-MRI (98.7% for
both, respectively). Washout appearance (76.6% and 61.0%
respectively, p = 0.012) and capsule appearance (75.3% and
50.7% respectively, p < 0.001) were less frequently demon-
strated on Gd-EOB-MRI than on Gd-DTPA-MRI (Table 1).
The number of HCC cases by tumor size were as follows:
< 10 mm, n = 3; 10-19 mm, n = 43; ≥ 20 mm, n = 31. In the
subgroup analysis, significant differences were present
for washout appearance in the tumor size group of ≥ 20
mm (p = 0.008), and for capsule appearance in the tumor
size groups of 10-19 mm (p = 0.007) and ≥ 20 mm (p =
0.002, see Table 1). Gd-EOB-MRI was superior to Gd-
DTPA-MRI in detecting washout appearance when consider-
ing TP hypointensity as modified washout appearance for all
tumor sizes (76.6 % vs 89.6 %, p = 0.002), as well as in the
10-19 mm size group (65.1% vs 83.7%, p = 0.005; Fig. 1).
When applying HBP hypointense rim as a modified capsule
appearance, Gd-DTPA-MRI demonstrated capsule appear-
ance more frequently than Gd-EOB-MRI for all tumor sizes
(75.3% vs. 54.6%, p < 0.001), as well as in the tumor size
groups of 10-19 mm (70.0% vs. 48.8%, p = 0.007) and ≥ 20
mm (90.3% vs. 67.7%, p = 0.020). Only seven HCCs showed
an HBP hypointense rim (Table 1, Fig, 2). The kappa values
between the two radiologists yielded fair to almost perfect
agreement (Table 2).

LI-RADS categorization and sensitivities of LR-5 using
Gd-DTPA-MRI and Gd-EOB-MRI

None of the observations were categorized as LR-1 or LR-2.
The agreement of LI-RADS categorization between Gd-
DTPA-MRI (LI-RADS-DTPA) and LI-RADS-EOB was
moderate (k = 0.58). The agreement between LI-RADS-
DTPA and LI-RADS-EOBm1 (k = 0.52) and between LI-

RADS-DTPA and LI-RADS-EOBm2 (k = 0.58) was also
moderate. There was substantial agreement between LI-
RADS-DTPA and LI-RADS-EOBm3 ([k = 0.75], Table 3).

The sensitivities of an assignment of LR-5 for the diagnosis
of HCC were significantly higher on LI-RADS-DTPA com-
pared with both LI-RADS-EOB (66.2% vs 48.1%, p = 0.001)
and LI-RADS-EOBm2 (66.2% vs 50.6%, p = 0.004). The sen-
sitivities of an assignment of LR-5 for the diagnosis of HCC
did not differ significantly using LI-RADS-EOBm1 (74.0%,
p = 0.210) or LI-RADS-EOBm3 (63.6%, p = 0.727) compared
with LI-RADS-DTPA (66.2%; See Table 3 and Fig. 3).

Table 1 Frequencies of major imaging features and modified major
features

Major features Gd-DTPA-MRI Gd-EOB-MRI p value

Arterial hyper-enhancement

All tumor sizes 98.7 (76/77) 98.7 (76/77) N/A1

< 10 mm 100.0 (3/3) 100.0 (3/3) N/A1

10-19 mm 100.0 (43/43) 100.0 (43/43) N/A1

≥ 20 mm 96.8 (30/31) 96.8 (30/31) N/A1

Washout appearance

All tumor sizes 76.6 (59/77) 61.0 (47/77) 0.012

< 10 mm 33.3 (1/3) 100.0 (3/3) N/A2

10-19 mm 65.1 (28/43) 51.2 (22/43) 0.109

≥ 20 mm 96.8 (30/31) 71.0 (22/31) 0.008

Capsule appearance

All tumor sizes 75.3 (58/77) 50.7 (39/77) < 0.001

< 10 mm 0 (0/3) 0 (0/3) N/A1

10-19 mm 70.0 (30/43) 48.8 (21/43) 0.007

≥ 20 mm 90.3 (28/31) 58.1 (18/31) 0.002

Modified washout appearance*

All tumor sizes 76.6 (59/77) 89.6 (69/77) 0.002

< 10 mm 33.3 (1/3) 100.0 (3/3) N/A2

10-19 mm 65.1 (28/43) 83.7 (36/43) 0.005

≥ 20 mm 96.8 (30/31) 96.8 (30/31) N/A1

Modified capsule appearance**

All tumor sizes 75.3 (58/77) 54.6 (42/77) < 0.001

< 10 mm 0 (0/3) 0 (0/3) N/A1

10-19 mm 70.0 (30/43) 48.8 (21/43) 0.007

≥ 20 mm 90.3 (28/31) 67.7 (21/31) 0.020

Note.–Data are percentages, and raw data are in parentheses. P values
were determined with McNemar test. PVP=portal venous phase,
DP=delayed phase, TP=transitional phase

N/A1 McNemar test was not conducted because there were no discordant
pairs

N/A2 McNemar test was not conducted because there were zero negative
observations in Gd-EOB-MRI

* TP hypointensity also considered as a washout appearance onGd-EOB-
MRI

** HBP hypointense rim also considered as a capsule appearance on Gd-
EOB-MRI
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Discussion

Our study demonstrated that washout appearance and capsule
appearance were less frequently observed on images obtained
from Gd-EOB-MRI than from Gd-DTPA-MRI. After apply-
ing the modified washout appearance, which considered TP
hypointensity as washout appearance, Gd-EOB-MRI demon-
strated washout appearance significantly better than Gd-
DTPA-MRI. The addition of the modified capsule appearance
(HBP hypointense rim considered as capsule appearance) did
not affect the frequency of the capsule appearance on Gd-

DTPA-MRI images. The sensitivity of LR-5 category desig-
nation for the diagnosis of HCC was significantly lower when
assigned using LI-RADS-EOB and LI-RADS-EOBm2 than
when assigned using LI-RADS-DTPA. However, the sensitiv-
ity of LR-5 category designation was comparable or even
better when assigned using LI-RADS-EOBm1 (hypointensity
at HBP as additional major feature) and LI-RADS-EOBm3
(considering TP hypointensity as washout appearance) than
when assigned using LI-RADS-DTPA.

There were 23 HCCs that did not show washout appear-
ance on PVP but that did demonstrate HBP hypointensity. Of

Fig. 1 1.5 cm sized hepatocellular
carcinoma in segment VIII in a
53-year-old female with cirrhosis.
Gadopentetate dimeglumine-
enhanced MRI shows arterial
phase hyper-enhancement (a)
followed by isointensity in the
portal venous phase (b) and
subtle hypointensity in the
delayed phase (c, washout
appearance). Gadoxetic acid-
enhanced MRI shows isointensity
in the portal venous phase (d) and
hypointensity in the transitional
phase (e, modified washout
appearance)
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these, 11 HCCs could be upgraded to LR-5 from LR-4 when
using LI-RADS-EOBm1. HBP hypointensity is one of the
well-known features of HCC lesions, and its presence in-
creases the sensitivity for the diagnosis of HCC [17].
However, the specificities of HBP hypointensity varies widely
among many studies, ranging from 33% to 96.7% [7, 18, 19].
One study demonstrated that the presence of arterial hyper-
enhancement and HBP hypointensity may increase the diag-
nostic sensitivity for detecting small HCCs (≤ 2 cm), as com-
pared to the EASL criteria [8]. When combined with major
and ancillary features of LI-RADS, HBP hypointensity can
improve the sensitivity for diagnosing HCC without altering
the specificity.

A prior study also demonstrated that adding HBP
hypointense rim as capsule appearance as a feature of LI-

RADS could increase the sensitivity (83% vs 72.7%, p <
0.001) and accuracy (84.1% vs 75.1%, p < 0.001) while
retaining a specificity of 91.5%. Overall, the prevalence of
the conventional capsule appearance and the HBP
hypointense rim in this prior study was 52.4% and 71.5%,
respectively [9]. In our study, although the prevalence of cap-
sule appearance was in the range of other previous studies (24
– 57.8%), only seven HCCs showed a HBP hypointense rim.
We assume that this may be due to our use of a different study
design and inclusion criteria, a smaller sample size, and the
use of a 1.5 T MR system, all of which may have led to a
different threshold detection in this finding.

The frequency of the conventional washout appearance
was significantly lower in Gd-EOB-MRI as compared to
Gd-DTPA-MRI for all lesions, as well as in subgroups of

Fig. 2 3.5 cm sized
hepatocellular carcinoma in
segment VIII in a 64-year-old
male with cirrhosis.
Gadopentetate dimeglumine-
enhanced MRI shows arterial
phase hyper-enhancement (a)
followed by washout appearance
in the portal venous phase (b) and
delayed phase (c). Capsule
appearance is present in the
delayed phase. Gadoxetic acid-
enhanced MRI shows washout
appearance in the portal venous
phase (d) and hypointensity in
the transitional phase (e,
modified washout appearance). In
the hepatobiliary phase (f), the
lesion shows heterogeneous
hyperintensity with hypointense
rim (modified capsule
appearance)
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lesions measuring 10-19 mm and ≥ 20 mm. However, the
frequency of the modified washout appearance was signifi-
cantly higher in images obtained from Gd-EOB-MRI for all
tumor sizes, as well as in the 10-19 mm size group. Joo et al
reported that using only PVP onGd-EOB-MRI to assess HCC
washout appearance was associated with a high specificity
(97.9%) and a reasonable sensitivity (70.9%) [20]. In our
study, when washout appearance was only assessed on PVP,
the sensitivity was 48.1% (37/77). As compared to Joo’s

study, the mean size of HCCs in our study was smaller (mean,
2.0 cm vs 3.5 cm; range, 0.8-9.9 cm vs 1-21 cm), and we used
LI-RADS as our diagnostic algorithm (whereas Joo used
AASLD). Interestingly, in Joo’s subgroup analysis of
HCCs ≤ 2 cm, the sensitivity associated with using only
PVP on Gd-EOB-MRI decreased to 55.7%, which is similar
to ours. After applying the modified washout appearance, the
sensitivity of LR-5 for diagnosing HCC increased to 63.6%,
which was similar to that of LI-RADS-DTPA (66.2%).

Table 2 Interobserver agreement
of two radiologists for major and
ancillary features

Gd-DTPA-MRI Gd-EOB-MRI

Major features

Arterial hyper-enhancement 1 1

Washout appearance on PVP 0.73 (0.58, 0.89) 0.82 (0.68, 0.95)

Washout appearance on DP/TP 0.55 (0.34, 0.77) 0.54 (0.28, 0.80)

Capsule appearance 0.69 (0.51, 0.88) 0.71 (0.56, 0.87)

Ancillary features that favour malignancy

HBP hypointensity N/A 0.93 (0.81, 1.00)

HBP hypointense rim N/A 0.78 (0.54, 1.00)

Mild to moderate T2 hyperintensity 0.58 (0.30, 0.86) 0.62 (0.35, 0.90)

Distinctive rim 0.51 (0.23, 0.79) 0.51 (0.23, 0.79)

Corona enhancement 0.36 (0.06, 0.66) 0.27 (0.00, 0.55)

Mosaic architecture 0.67 (0.49, 0.85) 0.66 (0.47, 0.84)

Nodule-in-nodule appearance 0.79 (0.40, 1.00) 0.47 (0.03, 0.91)

Intralesional fat 0.63 (0.34, 0.93) 0.63 (0.34, 0.93)

Lesional iron sparing 0.49 (-0.11, 1.00) 0.49 (-0.11, 1.00)

Lesional fat sparing 1 1

Blood products 0.65 (0.21, 1.00) 0.65 (0.21, 1.00)

Ancillary features that favour benignity* 1 1

Note.–Data are kappa values, and 95% confidence interval are in parentheses. PVP=portal venous phase,
DP=delayed phase, TP=transitional phase, HBP=hepatobiliary phase

* All showed almost perfect agreement (kappa=1), except HBP isointensity (kappa=0.75 [0.48, 1.00]),
respectively

Table 3 Comparison of overall LI-RADS categorization and sensitivities of LR-5

DTPA EOB p value1 k1 EOBm1 p value2 k2 EOBm2 p value3 k3 EOBm3 P value4 k4

LR-5 66.2
(51/77)

48.1
(37/77)

0.001 0.58 74.0
(57/77)

0.210 0.52 50.6
(39/77)

0.004 0.58 63.6
(49/77)

0.727 0.75

LR-4 32.5
(25/77)

50.6
(39/77)

24.7
(19/77)

48.1
(37/77)

35.1
(27/77)

LR-3 1.3
(1/77)

1.3
(1/77)

1.3
(1/77)

1.3
(1/77)

1.3
(1/77)

Note.–Data are percentages, and raw data are in parentheses. P values were determined with McNemar test. DTPA=LI-RADS categorization with Gd-
DTPA-MRI, EOB=LI-RADS categorization with Gd-EOB-MRI, EOBm1=modified LI-RADS categorization with Gd-EOB-MRI (HBP hypointensity
as additional major feature), EOBm2=modified LI-RADS categorization with Gd-EOB-MRI (HBP hypointense rim as capsule appearance),
EOBm3=modified LI-RADS categorization with Gd-EOB-MRI (TP hypointensity as washout appearance)
1 DTPA vs EOB
2 DTPA vs EOBm1
3 DTPA vs EOBm2
4 DTPA vs EOBm3
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Although we could not evaluate specificity in the current
study, considering TP hypointensity as washout appearance
increases the sensitivity to a level similar to that of the current
LI-RADS with ECCM.

Many studies have demonstrated substantial discordance
between the accuracy of LI-RADS using MRI and MDCT
[21, 22]. Joo et al showed that LR-4 categorization occurred
more frequently when using Gd-EOB-MRI than with MDCT,
as ancillary features detected on Gd-EOB-MRI frequently
yielded images that upgraded the categorization from LR-3
to LR-4 [12]. Since we compared both types of MRI using
different contrast media, we found less discordance in catego-
rization between the images. The lower sensitivity of LI-
RADS-EOB in our study compared to that reported in Joo et
al (63.4% vs 48.1%) may be attributed mainly to the smaller

mean size of the HCC lesions in our study; 40% (31/77) of
HCCs were ≥ 2 cm in our study as compared to 71% (154/
216) in the previous study [12].

Another prior study demonstrated that the combination of
Gd-EOB-MRI and diffusion-weighted imaging might im-
prove the detection of major features of LI-RADS [13]. Cha
et al compared the diagnostic performance of LI-RADS and a
modified LI-RADS, which used features favouring HCC de-
tected using HBP and restricted diffusion on diffusion-
weighted imaging as a major feature, rather than threshold
growth [13]. Although there was no significant difference in
pairwise comparisons of receiver operating characteristic
(ROC) curves, the sensitivity, specificity, and area under the
ROC curve were higher with the modified LI-RADS. The
authors concluded that the combination of imaging features

Fig. 3 Surgically confirmed 2.1
cm sized hepatocellular
carcinoma in segment VIII in a
62-year-old female with cirrhosis.
Gadopentetate dimeglumine-
enhanced MRI shows arterial
phase hyperintensity (a) followed
by subtle hyperintensity in the
portal venous phase (b) and
isointensity in the delayed phase
(c). The lesion was categorized as
LR-4. Gadoxetic acid-enhanced
MRI shows isointensity in the
portal venous (d) and transitional
phase (e). In the hepatobiliary
phase (HBP), the lesion shows
hypointensity (f). The lesion was
categorized as LR-4. However,
when considering HBP
hypointensity as additional major
feature (LI-RADS-EOBm1), the
lesion was categorized as LR-5
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favouring HCC detected using HBP, and restricted diffusion
might be able to act as a major feature regardless of the find-
ings on previous imaging studies. In the current study, 15
HCCs had an LR-5 categorization using LI-RADS-DTPA
but an LR-4 categorization using LI-RADS-EOB. Of these
15 HCCs, ten were 10-19 mm and most had either washout
appearance or capsule appearance. The remaining five HCCs
in this group were ≥ 20 mm and lacked both washout appear-
ance and capsule appearance. However, all 15 HCCs had ei-
ther TP hypointensity or HBP hypointensity, which resulted in
an upgrade to a categorization of LR-5 on LI-RADS-EOBm1
and LI-RADS-EOBm3. Since only seven HCCs showed an
HBP hypointense rim, and of this number, four HCCs also
showed a conventional capsule appearance, there was only a
minor change in LI-RADS-EOBm2 categorization. An advan-
tage of our study is that it is the first evaluation comparing the
use of LI-RADS using images obtained from ECCM-MRI
and Gd-EOB-MRI. The results of our study, combined with
prior research, suggest that there is a need for modification of
LI-RADS when used with images obtained using Gd-EOB-
MRI [12, 13].

Our study has several limitations that may impact generaliz-
ability. First, the biggest limitation of our study was that an
analysis of specificity was not possible, since non-HCC lesions,
such as benign nodules, borderline cirrhotic nodules,
hypovascular HCCs, or cholangiocarcinomas, were not includ-
ed. Instead, we only included HCCs in order to compare the
sensitivities of LI-RADS on ECCM-MRI and Gd-EOB-MRI.
Therefore, further studies are warranted to assess the specificity
of LI-RADS on Gd-EOB-MRI with and without modification.
Second, the use of a retrospective designmay have introduced a
selection bias. Since most of the lesions met the criteria for
HCC based on 2010 AASLD guidelines, the results of our
study may not be generalizable to a screening population to
assess lesions that do not meet the 2010 AASLD guidelines
for HCC. Third, most HCCs were not histologically confirmed;
however, the majority of patients at high risk of HCC are man-
aged based on imaging findings and rarely require biopsy for
management [2]. Fourth, we used a 1.5-T MR without
diffusion-weighted images, which may have made our results
less comparable to data obtained from 3-T MR or with
diffusion-weighted imaging. Finally, the study design may not
have reflected actual clinical practice in whichmultiple imaging
modalities are often used in combination to diagnose HCC.

In conclusion, our study found that modification of LI-
RADS can improve the diagnostic sensitivity in detecting
HCC using Gd-EOB-MRI, although further studies are nec-
essary to investigate diagnostic specificity regarding any mod-
ification to LI-RADS. When applying HBP hypointensity as
an additional major feature or modifiedwashout appearance to
LI-RADS, the sensitivities of LR-5 categorization can be im-
proved to be comparable or better than in LI-RADS-DTPA.
This suggests that modification of LI-RADS may help

increase the accuracy in detecting HCC, although future pro-
spective studies with a larger sample size that includes non-
HCC lesions is warranted to validate our study results.
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