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Objective: To investigate the diagnostic performance of contrast-enhanced ultrasound (CEUS) and its role as a second-line
imaging modality after gadoxetate-enhanced MRI (Gd-EOB-MRI) in the diagnosis of hepatocellular carcinoma (HCC) among
at risk observations.

Materials and Methods: We prospectively enrolled participants at risk of HCC with treatment-naive solid hepatic observations
(= 1 cm) of Liver Imaging Reporting and Data System (LR)-3/4/5/M during surveillance and performed Gd-EOB-MRI. A total
of one hundred and three participants with 103 hepatic observations (mean size, 28.2 + 24.5 mm; HCCs [n = 79], non-HCC
malignancies [n = 15], benign [n = 9]; diagnosed by pathology [n = 57], or noninvasive method [n = 46]) were included in
this study. The participants underwent CEUS with sulfur hexafluoride. Arterial phase hyperenhancement (APHE) and washout
on Gd-EOB-MRI and CEUS were evaluated. The distinctive washout in CEUS was defined as mild washout 60 seconds after
contrast injection. The diagnostic ability of Gd-EOB-MRI and of CEUS as a second-line modality for HCC were determined
according to the European Association for the Study of the Liver (EASL) and the Korean Liver Cancer Association and National
Cancer Center (KLCA-NCC) guidelines. The diagnostic abilities of both imaging modalities were compared using the McNemar’s
test.

Results: The sensitivity of CEUS (60.8%) was lower than that of Gd-EOB-MRI (72.2%, p = 0.06 by EASL; 86.1%, p < 0.01 by
KLCA-NCC); however, the specificity was 100%. By performing CEUS on the inconclusive observations in Gd-EOB-MRI, HCCs
without APHE (n = 10) or washout (n = 12) on Gd-EOB-MRI further presented APHE (80.0%, 8/10) or distinctive washout (66.7%,
8/12) on CEUS, and more HCCs were diagnosed than with Gd-EOB-MRI alone (sensitivity: 72.2% vs. 83.5% by EASL, p < 0.01;
86.1% vs. 91.1% by KCLA-NCC, p = 0.04). There were no false-positive cases for HCC on CEUS.

Conclusion: The addition of CEUS to Gd-EOB-MRI as a second-line diagnostic modality increases the frequency of HCC diagnosis
without changing the specificities.
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INTRODUCTION imaging alone because of its high pretest probability and
the high positive-predictive value of the HCC imaging

Hepatocellular carcinoma (HCC) can be diagnosed criteria in cirrhotic participants (1). Imaging is important
noninvasively, and treatment may be initiated based on in HCC screening, surveillance, diagnosis, staging, and
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CEUS as Second-Line Diagnostic Modality for the Diagnosis of HCC

management (2-4). Clinical practice guidelines, including
those of the Association for the Study of Liver Disease
(AASLD) (1), European Association for the Study of the
Liver (EASL) (5), and the Korean Liver Cancer Association
and National Cancer Center (KLCA-NCC) (6), recommend
contrast-enhanced CT and MRI for HCC diagnosis (7).
However, these guidelines differ regarding the use

of contrast-enhanced ultrasound (CEUS) for HCC. The
AASLD does not include CEUS, whereas the EASL and
KLCA-NCC guidelines recommend CEUS as a second-line
diagnostic modality. CEUS with sulfur hexafluoride has
shown to improve noninvasive HCC diagnosis when initial
modalities, such as CECT or MRI with extracellular contrast
agents or hepatobiliary agent, do not show hallmark HCC
features (7, 8).

By real-time imaging, CEUS sensitively depicts arterial
hypervascularity, reducing the clinical need for invasive
biopsies that are otherwise required for indeterminate
nodules (9-11). Furthermore, CEUS allows the differentiation
of vascular pseudolesions from atypically enhancing HCC,
as the former are absent on CEUS (7, 12-16). Earlier studies
have reported that approximately 50% of mass-forming
cholangiocarcinomas (CCs) in cirrhosis showed arterial-
phase hyperenhancement (APHE) followed by washout on
CEUS, leading to misdiagnosis of HCC (17, 18). However,
subsequent studies (8, 19-21) have demonstrated that
many HCCs showed APHE followed by late (> 60 seconds)
and mild washout (22, 23), while many CCs showed APHE
followed by early (< 60 seconds) or marked washout (19,
20) on CEUS. These diagnostic criteria are highly specific for
the diagnosis of HCC, and Terzi et al. (24) reported a 98.5%
positive predictive value for the diagnosis of HCC among
1006 at risk nodules (5, 7, 24). Furthermore, CEUS showed
high specificity, with only a slight drop in sensitivity for
10-20 mm nodules, after initial inconclusive results on
CECT or dynamic MRI (7). However, to date, no study has
explored the diagnostic value of CEUS after inconclusive
gadoxetate-enhanced MRI (Gd-EOB-MRI). We hypothesized
that CEUS would have a different diagnostic ability from Gd-
EOB-MRI, and this difference would help diagnose HCC on
an inconclusive observation on Gd-EOB-MRI. To investigate
this hypothesis, we compared the diagnostic performance
of Gd-EOB-MRI alone and Gd-EOB-MRI followed by CEUS.
Therefore, this study aimed to evaluate the diagnostic
ability of CEUS with sulfur hexafluoride to diagnose HCC
after an inconclusive observation in Gd-EOB-MRI and to
establish the role of CEUS as a second-line (post-Gd-EOB-
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MRI) modality for the diagnosis of HCC.

MATERIALS AND METHODS

This prospective study was approved by the Institutional
Review Board of our institute, and all participants provided
written informed consent (IRB No. 1807-166-962).

Participants

From November 2018 to August 2019, participants who
met the following criteria were included in the study: age
> 18 years; at risk of HCC by the Liver Imaging Reporting
and Data System (LI-RADS) v2018 (25) (liver cirrhosis
or chronic hepatitis B viral infection), and at least one
treatment-naive solid hepatic observation (> 1 cm) of LR-
3/4/5/M by CT/MRI LI-RADS v2018 in CT or MRI. Exclusion
criteria were refusal to consent, congestive hepatopathies,
obvious tumor in vein severe cardiovascular dysfunction, no
Gd-EOB-MRI within four weeks pre-CEUS, and suboptimal
Gd-EOB-MRI quality (Fig. 1, Table 1). Liver cirrhosis was
proven by histopathologic results or stiffness values
of transient elastography (26, 27). When Gd-EOB-MRI
presented multiple eligible observations, one representative
per participant was analyzed (28) following predetermined
criteria: 1) an observation possessing a higher probability
of hepatic malignancy according to CT/MRI LI-RADS v2018.,
2) closer to the skin, 3) better visibility on B-mode
ultrasound (US), and 4) manageable tumor size (< 12 cm,
considering scan coverage of a convex US probe).

One hundred and seven participants were enrolled in
the study. Among them, four participants were excluded
for insufficient diagnosis, referring to an inconclusive
histopathologic diagnosis (n = 2), or did not meet the
noninvasive diagnostic criteria of HCC (n = 2). Accordingly,
103 observations in 103 participants (81 men; mean age,
63.1 + 10 years; range, 21-86 years) were finally included
in our study (Fig. 1).

Gd-EOB-MRI Acquisition

MRI was performed using 3T (99.0%, n = 101) or 1.5T
(1.0%, n = 2) scanners (see details in Supplementary
Materials). A standard dose (0.1 mL/kg) of gadoxetate
disodium (Primovist, Bayer AG) was administered at 1 mL/s,
followed by a 20-mL saline flush. For dynamic sequences,
arterial phase was obtained 7-8 seconds after contrast
media arrived at the descending thoracic aorta, using real-
time MR fluoroscopic monitoring. Thereafter, 3 dimensional
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Consecutive 680 participants (> 18 years) at risk of HCC with at least
one treatment-naive hepatic observation (> 1 cm) of LR-3/4/5/M by
CT/MRI LI-RADS v2018 during surveillance between November 2018 and August 2019
were screed for study enrollment

Exclusion for enrollment (n = 573)
- Refused consent (n = 188)
- Congestive hepatopathy (n = 9)
- Obvious tumor in vein (n = 83)
- Severe cardiovascular dysfunction (n = 5)
- No recent Gd-EOB-MRI within 4 weeks (n = 285)
- Suboptimal image quality of MRI (n = 3)

107 eligible patients were selected for CEUS;
select one observation per patient

Exclusion for analysis

- Insufficient diagnosis* (n = 4)

103 observations in 103 patients;
HCC (n = 79), non-HCC malignancy (n = 15), benign (n = 9)

HCC (n = 79)
Pathologic diagnosis (n = 34)
Imaging diagnosis (n = 45)

Non-HCC malignancy (n = 15)
Pathologic diagnosis (n = 15)
Imaging diagnosis (n = 0)

Benign (n =9)
Pathologic diagnosis (n = 8)
Imaging diagnosis (n = 1)

Fig. 1. Flow diagram of the participants included in the study. *Inconclusive histopathologic diagnosis (n = 2), or lack of long term follow
up (= 2 years) to assure benignity (n = 2). CEUS = contrast-enhanced ultrasound, Gd-EOB-MRI = gadoxetate-enhanced MRI, HCC = hepatocellular
carcinoma, LI-RADS = Liver Imaging Reporting and Data System, LR = LI-RADS

fat-suppressed T1-weighted gradient-echo portal venous
(PVP), transitional, and hepatobiliary phase (HBP) were
obtained at 55-65-seconds, 3-minutes, and 20-minutes
after contrast media injection.

CEUS Examination

CEUS was performed by one of two fellowship-trained
radiologists with 24- and 8-years’ experience in abdominal
US and 11 and 4 years’ experience in CEUS, respectively,
using a contrast-specific US platform with a convex probe
(Supplementary Materials). Operators could adjust US
parameters to optimally depict observations. All B-mode and
CEUS images were displayed side-by-side on a USG monitor.
Details of the US parameters are shown in Supplementary
Table 1. For small (< 1.5 cm) or indistinguishable lesions,
real-time US images were fused with CT/MRI for accurate
examination (n = 46, 45.5%). Sulfur hexafluoride (SonoVue,
Bracco) was prepared according to the manufacturer’s
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recommendations. Sulfur hexafluoride (2.4 mL) was manually
injected via an antecubital venous line and flushed with 10
mL normal saline. The timer was started at the beginning

of the saline flush (22). Continuous CEUS images of the
target were recorded for the first 60 seconds post-contrast
injection followed by intermittent scans every 15 seconds
for 5 minutes after contrast media administration.

Image Analysis

Two board-certified radiologists with 13- and 8-years’
experience in liver MRI and 9 and 4-years’ experience in
CEUS, respectively, independently reviewed MR and saved
CEUS images. They were blinded to the pathology results
and clinical or laboratory information; however, they knew
that the study population was at risk for HCC and were
given the size and location of each target observation.
Reviewers assessed the presence of major imaging features
of HCC (APHE, washout, and capsule appearance) as well
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Table 1. Clinicopathologic Characteristics of 103 Participants
with 103 Observations

Participants n =103

Mean age 63.1 (21-86)
Sex

Male:female 81:22
Cause of liver diseases

Hepatitis B virus 67 (65)

Hepatitis C virus 6 (5.8)

Alcohol 11 (10.7)

Others 19 (18.3)
Known cirrhosis 45 (43.7)
Child-Pugh classification

A 95 (92.2)

B 8 (7.8)

AFP level (ng/mL)*
PIVKA (mAU/mL)*

8.2 (1.1-7466)
35 (11-43913)

Observations n=103
Size (mm) 28.2 (11-114)
10-19 58 (56.3)
> 20 45 (43.7)
CT/MRI LI-RADS category
LR-3 5 (4.9)
LR-4 21 (20.4)
LR-5 60 (58.3)
LR-M 17 (16.5)
Final diagnosis
HCC 79 (76.7)
Non-HCC malignancy
cHcc-CC 2 (1.9)
IHCC 11 (10.6)
Angiosarcoma 1(1)
Metastasis 1(1)
Benign
Dysplastic nodule 3(2.9)
Adenoma 2 (1.9)
Regenerative nodule 1(1)
Hemangioma 1(1)
Focal nodular hyperplasia 1(1)
Organizing hematoma 1(1)
Reference standard for diagnosis
Pathological diagnosis 57 (55.3)
Noninvasive 45 (43.7)
Typical image features with more than 1(1)

1-year stability'

*Median value, TOnly for diagnosing hemangioma that presented
peripheral globular enhancement pattern on CT and MRI with
stability (> 1-year). AFP = alpha-fetoprotein, cHCC-CC = combined
hepatocellular-cholangiocarcinoma, HCC = hepatocellular
carcinoma, IHCC = intrahepatic cholangiocarcinoma, LI-RADS =
Liver Imaging Reporting and Data System, LR = LI-RADS, PIVKA =
protein induced by vitamin K absence or antagonist
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as other malignancy features (targetoid appearance on
dynamic phase including rim APHE) on Gd-EOB-MRI. The
definition of major imaging features of the EASL and KLCA-
NCC guidelines and their diagnostic criteria are listed in
Table 2.

To avoid recall bias, for CEUS 2-weeks post-MRI review,
the reviewers also recorded the major imaging features,
which included APHE with its pattern (rim vs. non-rim and
non-peripheral globular), and timing (early or late) and
degree (mild or marked) of washout. The definitions of
APHE and washout are presented in Table 2. The distinctive
washout of HCC on CEUS refers to the mild washout 60
seconds after contrast injection. The CEUS criteria for
noninvasive diagnosis of HCC were hepatic observation (> 1
cm) with non-rim APHE and mild washout after 60 seconds,
following the EASL and KLCA-NCC guidelines (5, 6, 22).

Reference Standard

Diagnosis was based on pathology or characteristic
imaging features. One of the two experienced pathologists
(with more than 17 and 19-years” experience in hepatic
pathology) made pathological diagnoses. For the radiologic
diagnosis of HCC, we used CECT findings based on the
CT/MRI LI-RADS v2018 (25). Hemangioma (n = 1) was
diagnosed by characteristic imaging features on CECT, which
referred to a peripheral globular, centripetal enhancement
pattern that remained stable in size during follow-up.

Statistical Analysis

The diagnostic performance of Gd-EOB-MRI and CEUS for
HCC, following the EASL and KLCA-NCC guidelines, were
compared accordingly. Thereafter, to simulate the role of
CEUS as a second-line diagnostic modality, all observations
were applied to the diagnostic algorithms of EASL and KCLA-
NCC: 1) evaluation by Gd-EOB-MRI as a first-line diagnostic
modality and 2) evaluation by CEUS for inconclusive
observation on Gd-EOB-MRI.

The presence of APHE or washout was compared using
the chi-square or Fisher's exact tests. The diagnostic ability
to identify HCC, sensitivity, specificity, and accuracy of
CEUS and Gd-EOB-MRI were calculated and compared using
McNemar's test. Sample size was calculated with 80% power
(B =0.2) and a significance level of 5% (a = 0.05) to
reveal statistically significant differences in the diagnostic
performance for HCC between CEUS and Gd-EOB-MRI
(Supplementary Materials). Interobserver agreement of the
imaging features between the operators and reviewer was
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Table 2. The Definition of Major Image Features and Diagnostic Criteria of EASL and KLCA-NCC Guidelines
Modality

Kang et al.

Guidelines Image Features Definition

Gd-EOB-MRI EASL APHE Non-rim like enhancement in arterial phase unequivocally greater in whole or in part than liver
Washout Non-peripheral temporal reduction in enhancement in whole or in part relative to composite
liver tissue, resulting in hypoenhancement on portal venous phase
Diagnosis > 1 cm observation with APHE and washout
KCLA-NCC ~ APHE Enhancement in arterial phase unequivocally greater in whole or in part than liver
Washout Non-peripheral temporal reduction in enhancement in whole or in part relative to composite
liver tissue, resulting in hypoenhancement on portal venous, delayed, or hepatobilary phase
Diagnosis > 1 cm observation with APHE and washout. These criteria should be applied only to
lesion which does not show either marked T2 hyperintensity or targetoid appearance
on diffusion-weighted images or contrast-enhanced sequences
CEUS EASL, APHE Unequivocal enhancement compared to that of the liver parenchyma in the arterial phase
KCLA-NCC and absence of rim-like or peripheral globular enhancement
Washout
Definition Visually assessed temporal reduction in enhancement in whole or in part relative to liver
beginning in or after arterial phase and resulting in hypoenhancement
Time Early vs. Late washout: washout observed before or after 60 seconds
Degree Mild: the observation had less enhancement than the parenchyma, but not devoid
of contrast, within 5 minutes after contrast injection
Marked: the observation virtually becoming devoid of contrast within 2 minutes
after contrast injection
Diagnosis > 1 cm observation with APHE followed by late (> 60 seconds) washout of mild degree

(distinctive washout)

APHE = arterial-phase hyperenhancement, CEUS = contrast-enhanced ultrasound, EASL = European Association for the Study of the Liver,

Gd-EOB-MRI = gadoxetate-enhanced MRI, KLCA-NCC = Korean Liver Cancer Association-National Cancer Center

analyzed by weighted « statistics (Supplementary Materials).
Statistical analyses were performed using MedCalc version
16.4 (MedCalc Software). Two-tailed p values < 0.05 were
considered to indicate a statistically significant difference.

RESULTS

Participants and Hepatic Observations

The participants had liver cirrhosis (43.7%, 45/103),
hepatitis B infection (65.0%, 67/103), or both (8.7%,
9/103) (Table 1). The clinicopathological characteristics
of these observations are described in Table 1. The mean
size of observations was 28.2 + 24.5 mm (range, 11-114
mm). More than three-quarters of lesions 76.7% (79/103)
were confirmed as HCCs, with 14.6% (15/103) being non-
HCC malignancies, and 8.7% (9/103) were benign lesions.
The non-HCC malignancies were mostly intrahepatic
CCs (73.3%, 11/15); however, there were two cases of
combined HCC-CCs, a liver metastasis from the pancreatic
neuroendocrine tumor, and an angiosarcoma. Benign lesions
(n =9) included three dysplastic nodules, two adenomas,
a hemangioma, a focal nodular hyperplasia, a regenerative
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nodule, and an organizing hematoma.

Fifty-seven observation lesions (55.3%) were diagnosed
histopathologically based on a surgical (n = 16) or biopsy
sample (n = 41). In contrast, forty-six observation lesions
(44.7%) were diagnosed based on characteristic imaging
features of hemangioma (n = 1) and HCC (n = 45), according
to the CT/MRI LI-RADS v2018 (1, 25).

Major Imaging Features of Gd-EOB-MRI and CEUS

The major imaging features of the 103 observation lesions
are summarized in Supplementary Table 2. There were two
non-evaluable cases in CEUS even after real-time CT/MRI
fusion due to a poor sonic window (n = 2).

APHE

There was no significant difference in demonstrating
APHE between Gd-EOB-MRI and CEUS (72.8% vs. 77.7%,
p =0.33) (Supplementary Table 2). No HCC presented rim
APHE on CEUS, while 5 HCCs showed rim APHE on Gd-EOB-
MRI (p = 0.06) (Table 3). Eight out of 10 (80%, 8/10) HCCs
that did not show APHE on Gd-EOB-MRI further presented
APHE when CEUS was used (Fig. 2). The interobserver
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Table 3. Comparison of APHE and Washout between Gd-EOB-MRI and CEUS

Gd-EOB-MRI
All Hepatic Observations (n = 103) HCCs (n =79)
NoAPHE  APHE  RimaphE cripneralGlobular oie APHE  Rim APHE
Image Feature Enhancement
(n=9) (n=75) (n=18) (n=1) (n=5) (n=69) (n=5)
No APHE (n = 14) 6 (66.7) 6 (8) 3 (16.7) 0 (0) 2 (40) 6 (8.7) 0 (0)
APHE (n = 79) 3(33.3) 69 (92) 8 (44.4) 0 (0) 3 (60) 63 (87.3) 5 (100)
Ceus Rim APHE (n=7) 0 (0) 0 (0) 7 (38.9) 0 (0) 0 (0) 0 (0) 0 (0)
Peripheral globular
1(1
enhancement (n=1)  °© 0@ 00 (100) 0(0) 0@ 00
Concordance rate 83 (80.6) 65 (82.3)

Numbers in parentheses are percentages.

agreement of APHE evaluation was excellent in Gd-EOB-MRI
(x = 0.85) and good in CEUS (x = 0.72) (Table 3).

Distinctive washout for HCC

Gd-EOB-MRI showed a more distinctive washout than
CEUS (64.1% vs. 49.5%, p = 0.01) (Supplementary Table
2). Among HCCs, 83.8% of Gd-EOB-MRI and 64.6% of CEUS
cases presented distinctive washouts (p = 0.04). None of
the non-HCC observations presented a distinctive washout
in CEUS. Apart from five HCCs with rim APHE on Gd-EOB-
MRI, 12 HCCs did not present washout on PVP on Gd-EOB-
MRI. Among these 12 HCCs, 8 (66.7%) showed distinctive
washout on CEUS (Fig. 3). In addition, one HCC without an
HBP defect on Gd-EOB-MRI presented a distinctive washout
on CEUS. The interobserver agreement of distinctive
washout was good in Gd-EOB-MRI (x = 0.69) and fair in
CEUS (k = 0.52).

Independent Comparison of the Diagnostic Ability for
HCC between Gd-EOB-MRI and CEUS

The sensitivity, specificity, and accuracy of Gd-EOB-MRI
and CEUS for diagnosing HCC among the at risk observations
are summarized in Table 4 and Supplementary Table 3.
The sensitivity of CEUS was lower than that of Gd-EOB-
MRI with respect to the KLCA-NCC (60.8% vs. 86.1%, p <
0.01) and EASL guidelines (60.8% vs. 72.2%, p = 0.06). The
specificities of Gd-EOB-MRI following the EASL guidelines
were 95.8%, and the KLCA-NCC guidelines were 87.5%. CEUS
yielded 100% specificity, which is significantly higher than
that of Gd-EOB-MRI with the KLCA-NCC guidelines based on
noninvasive diagnostic criteria (p = 0.04).

Among the non-HCC lesions, there were no false-positive
cases on CEUS. Compared to CEUS, there was one (by LI-
RADS or EASL) and three (by KLCA-NCC) false-positive cases
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on Gd-EOB-MRI, and these observations were re-categorized
as non-HCC by CEUS (Fig. 4). The additional role of CEUS in
false-positive and false-negative cases in Gd-EOB-MRI are
shown in Table 5 and Supplementary Table 4.

Subgroup Analysis

Among the fifty-seven pathologically confirmed
observations, there were no statistical differences in the
sensitivity between CEUS and Gd-EOB-MRI with respect
to the KLCA-NCC guidelines (61.8% vs. 73.5%, p = 0.21)
or EASL guidelines (61.8% vs. 61.8%, p = 0.75). The
specificities of Gd-EOB-MRI following the EASL guidelines
were 95.7%, and the KLCA-NCC guidelines were 86.9%. CEUS
yielded 100% specificity.

Diagnostic Ability of CEUS as a Second-Line Modality to
Identify HCC among at Risk Observations

According to the EASL guidelines, 21 HCCs did not present
imaging hallmarks (APHE and PVP washout) on Gd-EOB-MRI,
of which 9 (42.9%) were further noninvasively diagnosed
as HCC by using CEUS as a second-line diagnostic modality.
Based on the KLCA-NCC guidelines, 11 HCCs did not present
imaging hallmarks on Gd-EOB-MRI, among which 4 (36.4%)
were further noninvasively diagnosed as HCC by using CEUS.
Thus, sensitivity (EASL, 72.2% vs. 83.5%, p < 0.01; KLCA-
NCC, 86.1% vs. 91.1%, p = 0.04) was significantly increased
by adding CEUS for each guideline. The specificity was not
changed by the addition of CEUS (Table 4). Representative
cases are presented in Figures 3 and 4.

DISCUSSION

In this study, we found that adding CEUS to Gd-EOB-MRI
as a second-line diagnostic modality led to the diagnosis
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Fig. 2. A 66-year-old man with chronic hepatitis B.

(A) In the arterial phase of Gd-EOB-MRI, there was a 1.4-cm isoenhancing observation (arrow) in segment 8 of the liver. This observation (arrow)
presented washout on (B) the portal venous phase, which was inconclusive for a diagnosis of HCC. On CEUS, (C) a 1.6-cm APHE observation (arrow)
was noted with mild washout at 87 seconds after contrast agent injection (D, arrow). This observation was concluded to reflect HCC, based on
dynamic computed tomography images (APHE with portal washout) and elevated alpha fetoprotein level. APHE = arterial phase hyperenhancement

of more cases of HCC without lowering the specificity, further presented HCC imaging hallmarks in CEUS. This
according to the EASL and KLCA-NCC guidelines. In effect, was not unexpected, given that the diagnostic algorithm
we found that HCCs without APHE (n = 10) or washout (n = of the EASL and KLCA-NCC guidelines indicated that CEUS
12) on Gd-EOB-MRI further presented APHE (80%, 8/10) or  could play a role after an initial, inconclusive MRI (5, 6). A
washout (66.7%, 8/12) on CEUS, and no non-HCC lesions previous study also reported that, after a first inconclusive
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Fig. 3. A 56-year-old man with pathologically confirmed HCC in segment 6 of the liver.

On Gd-EOB-MRI, (A) a 3.2-cm APHE observation (arrows) in segment 6 of the liver showed no washout in (B) the portal venous phase (arrows),
which was thus inconclusive for diagnosing HCC. On CEUS, (C) a 3.2-cm APHE observation (arrows) was noted with a mild washout at 221
seconds after contrast agent injection (D, arrows).

MRI, CEUS, used as a second imaging technique, showed Various HCC imaging systems have been proposed, but
an increased sensitivity with only a slight reduction in there are still significant variations in their designs across
specificity for 10-20 mm (7). Our study results supported geographic areas due to different target populations,

the inclusion of CEUS as a second-line diagnostic modality, resources, and treatment practices (4). However, it would
in addition to CECT and Gd-EOB-MRI, when the initial be ideal for those organizations to use the same lexicon
diagnostic test was inconclusive. to describe imaging features obtained with the same
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Table 4. Diagnostic Ability of Gd-EOB-MRI with CEUS as a Second-Line Modality to Identify HCC among the at Risk Observations

Guidels Gd-EOB-MRI Gd-EOB-MRI, Then CEUS* P
uidelines
Sensitivity  Specificity Accuracy  Sensitivity  Specificity Accuracy  Sensitivity Specificity Accuracy
All (n = 103)
72.2 95.8 0.84 83.5 95.8 0.90
EASL < 0.01 N/A <0.01
(60.9, 81.7) (78.9,99.9) (0.75, 0.90) (73.5, 90.9) (78.9, 99.9) (0.82, 0.95)
86.1 87.5 0.87 91.1 87.5 0.89
KLCA-NCC 0.04 N/A 0.04
(76.5, 92.8) (67.6, 97.3) (0.79, 0.93) (82.6, 96.4) (67.6, 97.3) (0.82 0.95)
Noninvasive CEUS with sulfur hexafluoride
diagnostic 60.8 100 0.80
criteria of CEUST  (49.1, 71.6) (85.8, 100) (0.71, 0.88)
Pathologic proven (n = 57)
61.8 95.7 0.79 76.5 95.7 0.86
EASL 0.03 N/A 0.01
(43.6,77.8) (78.1,99.9) (0.66, 0.88) (58.8, 89.3) (78.1,99.9) (0.74, 0.94)
73.5 86.9 0.80 82.4 86.9 0.85
KLCA-NCC 0.08 N/A 0.04
(55.6, 87.1) (66.4, 97.2) (0.68, 0.90) (65.5, 93.2) (66.4, 97.2) (0.73, 0.93)
Noninvasive CEUS with sulfur hexafluoride

diagnostic 61.8 100 0.81
criteria of CEUS!  (44.6, 77.8) (85.2, 100) (0.68, 0.90)

Numbers in parentheses are 95% confidence intervals. *CEUS was performed when MRI presented inconclusive image features for
noninvasive diagnosis of HCC, 'Non-invasive diagnostic criteria of CEUS were APHE (> 1 cm) with mild and late (> 60 seconds) washout

in CEUS LI-RADS v2017, EASL and KCLA-NCC guideline.

diagnostic imaging modality (3). For example, for CECT and
dynamic MRI, the HCC diagnostic criteria in the LI-RADS (1,
25), EASL (5), APASL (29), and KLCA-NCC (6) guidelines are
quite universal, but they still disagree significantly in terms
of the inclusion of CEUS in the HCC diagnostic algorithm.

In our study, CEUS detected less rim APHE than Gd-
EOB-MRI, and no HCC presented rim APHE on CEUS. This
may be due to the inherent superior sensitivity of US
to microbubbles compared to the sensitivity of MRI to
Gd contrast agent as well as the continuous real-time
observation of CEUS during the arterial phase (11, 30, 31).
However, mild and late (= 60 seconds) washout of HCC was
less frequently detected on CEUS than on Gd-EOB-MRI,
perhaps causing the lower sensitivity of CEUS. In contrast,
none of the benign or non-HCC malignancies presented mild
and late (> 60 seconds) washout in CEUS, resulting in high
specificity. Moreover, one (by EASL) and three (by KLCA-
NCC) false-positive cases in Gd-EOB-MRI were re-categorized
as non-HCC observations by CEUS.

The CEUS HCC diagnostic criteria (APHE followed by late
[> 60 seconds], mild washout) used in our study provided
100% specificity. These criteria have now been adopted
in CEUS LI-RADS v2017 (22), EASL v2018 (5), and KLCA-
NCC v2018 (6). Our finding of 100% specificity by CEUS
is in agreement with that of previous studies, in which
refined criteria for HCC on CEUS provided extremely high
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specificity and positive-predictive values for HCC diagnosis,
and improved its capacity to differentiate malignant
lesions, such as cholangiocarcinoma or metastases (5, 7,
22, 24). However, according to the EASL and KLCA-NCC
guidelines, if the initial diagnostic test (CT or MRI) showed
hallmark imaging features of HCC, the use of a second-line
diagnostic modality is not recommended; hence, CEUS may
not further increase specificity. Likewise, Khalili et al. (32)
reported that single imaging scans have similar specificity
to two coincidental positive scans, with much less resource
utilization, for 1-2-cm nodules found on HCC surveillance.
However, considering that one (by EASL) and three (by
KLCA-NCC) false-positive cases in Gd-EOB-MRI were re-
categorized as non-HCC observations by CEUS, the use
of concurrent CEUS as a diagnostic test for HCC could be
clinically valuable when high specificity is required, such as
for liver transplantation (33). As these stringent criteria for
HCC on CEUS are required to achieve such high specificity
for HCC, but unavoidably lower sensitivity, further studies
are necessary to find a way to combine an imaging modality
with high sensitivity, with CEUS, with high specificity, in
most clinical scenarios, except liver transplantation (34).
This study had several limitations. First, the small study
sample size, especially the participants with benign lesions,
was a limitation. This was partly because participants with
benign nodules showing typical imaging features on CT
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D
Fig. 4. A 58-year-old woman with chronic hepatitis B and a pancreatic neuroendocrine tumor.

On Gd-EOB-MRI, (A) a 1.2-cm APHE observation (arrow) in segment 8 of the liver presented no washout (B) the portal venous phase (arrow) and
hypointensity in (C) the hepatobiliary phase (arrow). Thus, this observation was noninvasively diagnosed as HCC using the Korean Liver Cancer
Association and the National Cancer Center guidelines. On CEUS after real-time ultrasound image fusion with magnetic resonance image, (D) a
1.2-cm APHE observation (arrow) was noted early (48 seconds) and marked washout (E, arrow), which suggested malignancy other than HCC.
This observation was confirmed as a hepatic metastasis from a pancreatic neuroendocrine tumor.

Table 5. Additional Role of CEUS in False-Positive and False-
Negative Cases in Gd-EOB-MRI

Gd-EOB-MRI
EASL KLCA-NCC
HCCs (n =79) ) )
CEUS
) 9 (11.4) 4 (5.1)
(+) 13 (16.5) 7 (8.9)
Non-HCCs (n = 24) (+) (+)
CEUS
) 0 (0.0) 0 (0.0)
(+) 1 (4.2) 3 (12.5)

Numbers in parentheses are percentages. (+) refers to
noninvasively diagnoses HCC.

or MRI seldom underwent CEUS in daily clinical practice.
Second, there were several participants in whom imaging
test results were used to establish a diagnosis without

kjronline.org https://doi.org/10.3348/kjr.2020.0973
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histopathologic results. However, HCC is a unique neoplasm
that can be diagnosed in high-risk patients using typical
imaging features, and many patients with HCC are managed
without pathologic confirmation. Liver mass biopsy tends
to be performed on observation with atypical features.
Therefore, to avoid selection bias, we also included
noninvasively diagnosed HCC by dynamic CT. Third, many
participants had chronic hepatitis B, which may limit the
extent of extrapolation of our study results to participants
with other etiologies accordingly.

In conclusion, the addition of CEUS to Gd-EOB-MRI as
a second-line diagnostic modality significantly increased
the sensitivity and diagnostic accuracy for diagnosing HCC
among at risk observations, without changing specificities,
following EASL v2018 and KLCA-NCC v2018 guidelines.
Therefore, when the initial diagnostic test is inconclusive,
our findings support the inclusion of CEUS as a second-line
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diagnostic modality after CECT or dynamic MRI.
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