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Abstract

BACKGROUND

Contrast-enhanced ultrasound (CEUS) is considered a secondary examination
compared to computed tomography (CT) and magnetic resonance imaging (MRI)
in the diagnosis of hepatocellular carcinoma (HCC), due to the risk of misdia-
gnosing intrahepatic cholangiocarcinoma (ICC). The introduction of CEUS Liver
Imaging Reporting and Data System (CEUS LI-RADS) might overcome this
limitation. Even though data from the literature seems promising, its reliability in
real-life context has not been well-established yet.

AIM

To test the accuracy of CEUS LI-RADS for correctly diagnosing HCC and ICC in
cirrhosis.

METHODS
CEUS LI-RADS class was retrospectively assigned to 511 nodules identified in 269
patients suffering from liver cirrhosis. The diagnostic standard for all nodules was
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either biopsy (102 nodules) or CT/MRI (409 nodules). Common diagnostic accuracy indexes such
as sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
were assessed for the following associations: CEUS LR-5 and HCC; CEUS LR-4 and 5 merged class
and HCC; CEUS LR-M and ICC; and CEUS LR-3 and malignancy. The frequency of malignant
lesions in CEUS LR-3 subgroups with different CEUS patterns was also determined. Inter-rater
agreement for CEUS LI-RADS class assignment and for major CEUS pattern identification was
evaluated.

RESULTS

CEUS LR-5 predicted HCC with a 67.6% sensitivity, 97.7% specificity, and 99.3% PPV (P < 0.001).
The merging of LR-4 and 5 offered an improved 93.9% sensitivity in HCC diagnosis with a 94.3%
specificity and 98.8% PPV (P < 0.001). CEUS LR-M predicted ICC with a 91.3% sensitivity, 96.7%
specificity, and 99.6% NPV (P < 0.001). CEUS LR-3 predominantly included benign lesions (only
28.8% of malignancies). In this class, the hypo-hypo pattern showed a much higher rate of
malignant lesions (73.3%) than the iso-iso pattern (2.6%). Inter-rater agreement between internal
raters for CEUS-LR class assignment was almost perfect (n = 511, k = 0.94, P < 0.001), while the
agreement among raters from separate centres was substantial (n = 50, k = 0.67, P < 0.001).
Agreement was stronger for arterial phase hyperenhancement (internal k = 0.86, P < 2.7 x 10
external k = 0.8, P < 0.001) than washout (internal k = 0.79, P < 1.6 x 10%% external k = 0.71, P <
0.001).

CONCLUSION
CEUS LI-RADS is effective but can be improved by merging LR-4 and 5 to diagnose HCC and by
splitting LR-3 into two subgroups to differentiate iso-iso nodules from other patterns.

Key Words: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; Hepatocellular
carcinoma; Intrahepatic cholangiocarcinoma; Cirrhosis; Contrast-enhanced ultrasound; Liver

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study to evaluate the accuracy of contrast-enhanced ultrasound Liver
Imaging Reporting and Data System (CEUS LI-RADS) in correctly diagnosing hepatocellular carcinoma
(HCC) and intrahepatic cholangiocarcinoma (ICC) in patients with cirrhosis. CEUS LR-5 showed a 97.7%
specificity for HCC with a low sensitivity (67.6%), while the CEUS LR-4 and 5 merged class showed a
93.9% sensitivity and 94.3% specificity for HCC. CEUS LR-M predicted ICC with a 91.3% sensitivity
and 96.7% specificity. CEUS LR-3 predominantly included benign lesions (28.8% of malignancies) but
was heterogeneous as the hypo-hypo pattern showed a higher rate of malignant lesions (73.3%) than the
iso-iso pattern (2.6%).
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INTRODUCTION

Liver cirrhosis is a strong risk factor for primitive liver cancer, the seventh most commonly diagnosed
malignancy worldwide and the third most common cause of cancer-related death[1]. In this scenario,
the most prevalent malignant lesion is hepatocellular carcinoma (HCC), followed by intrahepatic
cholangiocarcinoma (ICC); however, other types of cancer are rare. The development of a malignant
lesion represents a critical point in the clinical history of chronic liver diseases since it significantly
reduces life expectancy, especially in case of late diagnosis. Therefore, regular follow-up is essential for
these patients with mandatory ultrasonography every 6 mo for detecting solid focal liver lesions[2-5].
Contrast-enhanced ultrasound (CEUS) is an effective, well-recognized, and safe imaging technique
for visualising the onset of new nodules in liver cirrhosis, that adheres to national and international
guidelines[2,6,7]. One of the initial limitations of CEUS, reported in 2010, was the possibility of missing
ICC cases, since a significant proportion of the ICC nodules that develop in a cirrhotic liver show the
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same enhancement pattern as HCCJ[8]. Since then, subsequent studies have demonstrated that the
timing and intensity of washout are different in HCC and ICC. In particular, for the vast majority of ICC
nodules (50%-85%), washout starts earlier than 60 s, while this is rarely observed in HCC. Furthermore,
washout intensity during late phase is clearer in ICC than in HCC[9-14]. These findings led the
American College of Radiology to release the CEUS Liver Imaging Reporting and Data System (CEUS
LI-RADS), similar to previous releases for computed tomography (CT) and magnetic resonance imaging
(MRI). The algorithm was officially approved in June 2016, and the latest update was published in 2017
[15].

CEUS LI-RADS is a standardized system for technique, interpretation, reporting, and data collection
on focal liver lesions in patients at high risk for HCC. It encompasses features such as size, conventional
ultrasound morphology, contrast enhancement behaviours, and dimensional variations in order to
stratify the risk of HCC and to avoid ICC misdiagnosis[16-20]. In particular, CEUS LR-5 is a class
specifically designed to include HCC. It encompasses nodules > 1 cm that show arterial phase hyperen-
hancement (APHE) that is neither rim nor globular, followed by a late (> 60 s) mild-degree washout.
Other CEUS LI-RADS categories (e.g., CEUS LR-4 and 3) express a very probable and intermediate risk
of HCC, while CEUS LR-M has an intermediate/high risk of malignancy without a typical HCC pattern.
CEUS LR-M includes lesions of any size that show arterial phase rim enhancement pattern and/or early
(before 60 s) washout and/or marked washout.

So far, only a few studies have presented actual data from the application of CEUS LI-RADS
diagnostic algorithm in cirrhotic patients with suspicious nodules[21-27]. The aim of this study was to
test the capability of CEUS LI-RADS in accurately diagnosing focal liver lesions in patients affected by
cirrhosis. In particular, we tested the accuracy of CEUS LR-5 and LR-M in correctly diagnosing HCC
and ICC, respectively. In addition, we merged classes LR-4 and LR-5 and tested their accuracy in
correctly diagnosing HCC as a joint class. Finally, we assessed the rate of malignancy for specific LR-3
class patterns.

MATERIALS AND METHODS

Study design and data collection

The present retrospective study involved patients with cirrhosis associated nodules that were visible
using conventional ultrasound, for which it was possible to review the basal appearance and dynamic
pattern of the ultrasound contrast agent. Cirrhosis was diagnosed on the basis of clinical data,
biochemical parameters, imaging criteria, and elastosonography.

We reviewed all the liver CEUS performed at our centre (Medical Ultrasound Unit, University
Hospital, Sassari, Italy) between December 2008 and January 2020. All examinations aimed to charac-
terize a new nodule developed in the context of surveillance programmes for liver cirrhosis. Nodules
located in different liver segments were analysed separately with individual boluses of contrast. Within
the same segment, only one target nodule was included for analysis based on best visualization criteria.

CT and/or MRI, when typical for HCC or definitely benign (haemangioma, hepatic fat depo-
sition/sparing, and hypertrophic pseudomass), were used as the gold standard imaging modalities. For
all other cases, histology obtained by a percutaneous biopsy or surgical resection was considered the
reference standard (Supplementary Figures 1 and 2).

Specifically, nodules showing a CT/MRI dynamic pattern with hyperenhancement during the arterial
phase followed by washout in the portal or late phase (Supplementary Figures 3 and 4), were diagnosed
as HCC in accordance with both the American Association for the Study of Liver Diseases (AASLD) and
the Italian Association for the Study of the Liver (AISF) guidelines[2,28]. Benign lesions received a
further 2-year follow-up; in case of any increase in size and/or CEUS enhancement variations, a biopsy
was performed.

All cases where it was not possible to review the timing and the degree of washout on CEUS (23
cases), or a validated diagnostic reference standard, either CT/MRI scan or histology, was not available
(35 cases), were excluded. The algorithm of the study is shown in Figure 1.

CEUS examination and CEUS LI-RADS classification

All CEUS examinations were performed by a physician with 15 years of experience (G.V.) using a
second-generation ultrasound contrast agent (SonoVue, Bracco, Milan, Italy).

The signal coming from the bubbles was detected through the following ultrasound scanners: (1)
Acuson Sequoia 512 with a 4C1 convex probe and cadence contrast pulse sequencing (CPS, Acuson
Siemens, Mountain View, CA, United States) until 2014; and (2) Aixplorer (SuperSonic Imaging, S.A.,
Aix en Provence, France) with a convex broadband probe (SC6-1) and dedicated software also known as
Power Modulated Pulse Inversion (PMPI) from January 2015 until the end of the study.

The CEUS examination was performed continuously for 120 s starting from the injection of contrast.
Subsequently, short clips lasting 15-30 s were recorded until 5 min after injection.
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Excluded from the study:
23 CEUS examinations for insufficient imaging data for the review
35 because of diagnostic standard was not avaiable

CEUS liver examinations in
cirrhotic patients: 569

Determination of the CEUS

Included in the study: Blinded review of all the LL-RADS class between
511 nodules in 269 CEUS performed between February and May 2020
patients December 2008-January 2020 v Y

>~

409 nodules (80%) diagnosed 102 nodules (20%)
by Computed Tomography (CT)
and/or Magnetic Resonance ‘

Imaging (MRI)

59 nodules (11.5%)
were benign

Hepatocellular carcinoma: 423 (82.8%)
Intrahepatic cholangiocarcinoma: 23 (4.5%)
Methastasis: 3 (0.6%)

Other malignancies: 3 (0.6%)

diagnosed by histology

452 nodule (88.5%)
were malignant

DOI: 10.3748/wjgv28.i27.3488 Copyright © The Author(s) 2022.

Figure 1 Flow chart of the study.
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The CEUS LI-RADS patterns were established after evaluation of all clips and images, with particular
attention to the behaviour of intranodular contrast enhancement in dynamic phases.

The review process was independently performed by two operators (G.V. and M.A.) with 15 and 2
years of experience, respectively. In case of disagreement, the class indicated by the more experienced
operator was assigned.

The reviewers were blinded to patient identity and final diagnosis. The specific targets of the review
process were: (1) Nodule size; (2) the presence of APHE and the type of filling (global, rim, or peripheral
discontinuous globular enhancement); and (3) the presence of washout during portal and parenchymal
phases, focusing on its timing (before or after 60 s) and intensity (mild or marked); washout before 60 s
was considered early, while washout happening after 60 s was considered late.

Inter-rater reliability of CEUS LI-RADS class assignment and of CEUS major features between the two
raters (internal agreement) was evaluated for all the nodules (n = 511). Inter-rater reliability among our
centre and two other operators from external centres (M.A.Z and G.I., both with more than 20 years of
experience in CEUS) was also evaluated for a subgroup of 50 nodules (external agreement). To avoid an
excess of typical HCCs, a total of 26 HCCs, 11 ICCs, 11 benign lesions, and 2 other malignancies were
randomly selected for the external agreement analysis.

The entire process, including folder preparation, CEUS LI-RADS class assignment, and dataset
preparation for analysis, was completed over a period of 5 mo. A systematic review of all CT and MRI
scans was not performed.

Statistical analysis

Descriptive statistics (median, interquartile range, range, and percentage) were calculated for patients’
demographic and clinical characteristics (age, sex, aetiology of cirrhosis, number, and size of nodules).
The normal distribution of continuous variables was evaluated through Shapiro-Wilk test. Discrete and
qualitative variables are expressed as frequencies and percentages.

Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), diagnostic
accuracy, Youden’s index, relative risk, odds ratio, positive likelihood ratio, and negative likelihood
ratio were calculated to assess the accuracy of different CEUS-LR classes and subclasses in diagnosing
HCC (LR-5, LR-4, and LR-4 and 5 merging class), ICC (LR-M), and malignancies (LR-3). The associ-
ations between different CEUS LI-RADS classes and definite diagnosis were evaluated by Pearson’s chi-
square test or Fisher’s exact test. To determine the uncertainty of the estimates on sensitivity, specificity,
PPV, NPV, and diagnostic accuracy, 95% confidence intervals (Cls) were calculated.

Cohen’s k and Fleiss’ k statistics were used to evaluate the interobserver agreement among different
examiners in the assignment of the CEUS LI-RADS classes and identification of APHE (absent,
homogeneous, or rim-like), and washout (absent, late and mild, or early and/or marked). Additionally,
a visual graphical representation of the agreement was created, based on the agreement chart proposed
by Bangdiwala[29]. All statistical tests were considered significant for a P value < 0.05. Data were
analysed using Stata/MP version 17.0 (Statacorp LP, TX, United States) and R version 4.1.1 (The R
Foundation for Statistical Computing, Vienna, Austria).
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RESULTS

A total of 511 nodules identified in 269 patients were considered in this study. The complete dataset
concerning patients and nodule characteristics is shown in Table 1.

Four-hundred and fifty-two out of 511 nodules (88.5%) turned out to be malignant, consisting of 423
HCCs (82.8%), 23 ICCs (4.5%), 3 metastases (0.6%), and 3 other malignancies (0.6%). Non-invasive
diagnosis was obtained for 409 nodules (80%), while histology was followed for 102 nodules (20%).
Complete data concerning each definite diagnosis rate for every CEUS LI-RADS class are reported in
Table 2. Table 3 shows the rates of HCC and ICC in different CEUS LI-RADS classes. The pathological
findings for hepatic nodules are shown in Supplementary Table 1.

The most prevalent pattern in the arterial phase was homogeneous APHE (79.1% of all nodules),
followed by isoenhancement (12.7%). In the portal and late phases, the majority of nodules showed a
late and mild washout (60.7%) while the second most frequent pattern was isoenhancement (30.7%). See
Table 4 and Table 5 for complete data on CEUS pattern in the arterial and venous phases, respectively.

LR-M nodules

Thirty-seven lesions (7.2%) were assigned to the CEUS LR-M class (Figure 2A). Twenty-one of these
nodules turned out to be ICCs, eleven were HCCs, three were metastases, one was a lymphoep-
ithelioma, and one was benign. CEUS LR-M predicted ICC with a 91.3% sensitivity, 96.7% specificity,
56.8% PPV, 99.6% NPV, and 96.5% diagnostic accuracy (P < 0.001) (Table 6). Examining the CEUS
behaviour of ICC, it was observed that 16 out of 21 nodules (76%) showed a rim APHE, while 11 out of
21 nodules (52%) showed an early washout (Supplementary Table 2). HCC nodules reported as LR-M
showed a rim APHE in 6 out of 11 cases (54.5%) and an early washout in 7 out of 11 cases (63.6%;
Supplementary Table 3).

LR-5 nodules

A total of 288 nodules (56.4%) were categorized as CEUS LR-5 (Figure 2B), of which 286 turned out to be
HCC, and 2 were benign lesions. The median diameter of these nodules was 25 mm. The conclusive
diagnosis was achieved by CT/MRI for 248 nodules and by histology for 40. CEUS LR-5 class predicted
HCC with a 67.6% sensitivity, 97.7% specificity, 99.3% PPV, 38.6% NPV, and 72.8% diagnostic accuracy (
P <0.001) (Table 6).

LR-4 nodules

One-hundred and fourteen nodules (22.3%) were reported as CEUS LR-4 (Figure 2C), of which 111 were
HCC and 3 were regenerative nodules, as confirmed by histology. The median diameter of these
nodules was 21.5 mm. In 95 cases, the diagnosis was given by CT/MRI and in 19 cases by biopsy. CEUS
LR-4 predicted HCC with a 26.2% sensitivity, 96.6% specificity, 97.4% PPV, 21.4% NPV, and 38.4%
diagnostic accuracy (P < 0.001) (Table 6). Table 7 show data relative to different LR-4 patterns.

LR 4-5 merged class
The merging of CEUS LR-4 and CEUS LR-5 classes predicted HCC with a 93.9% sensitivity, 94.3%
specificity, 98.8% PPV, 76.1% NPV, and 93.9% diagnostic accuracy (P < 0.001) (Table 6).

LR-3 nodules

Sixty-six lesions (12.9%) were assigned to the CEUS LR-3 class (Figure 2D and E). Specifically, 15 of
these nodules were HCCs, 2 were ICCs, 2 were other malignancies, and 47 were benign lesions. The
median diameter of these nodules was 16 mm. Fifty-three lesions were diagnosed non-invasively by
CT/MRI, while 13 by biopsy. CEUS LR-3 predicted benign lesions with a 79.7% sensitivity, 95.8%
specificity, 71.2% PPV, 97.3% NPV, and 93.9% diagnostic accuracy (P < 0.001) (Table 6). Lesions
belonging to the CEUS LR-3 class showed great heterogeneity. In fact, iso-iso nodules (Figure 2D) were
most likely benign (only 1 malignancy out of 39 nodules), while other patterns showed a higher risk of
cancer (18 malignancies out of 27). The second most frequent CEUS LR-3 pattern was the hypo-hypo
pattern assigned to 15 nodules (Figure 2E), of which 11 were malignant (7 HCCs, 2 ICCs, 1 lymphoma,
and 1 carcinosarcoma). The rate of malignancy for the CEUS LR-3 class and its subclasses are shown in
Figure 3. We also calculated the correlation between specific CEUS LR-3 subgroups and malignancy,
with analysis limited to CEUS LR-3 nodules (n = 66). It was observed that CEUS LR-3 iso-iso pattern
predicted malignancy with a 5.3% sensitivity, 19.1% specificity, 2.6% PPV, 33.3% NPV, and 15.2%
diagnostic accuracy (P < 0.001). Conversely, CEUS LR-3 hypo-hypo pattern predicted malignancy with a
57.9% sensitivity, 91.5% specificity, 73.3% PPV, 84.3% NPV, and 81.8% diagnostic accuracy (P < 0.001)
(Table 6). Data concerning different LR-3 patterns are reported in Table 7.

LR 1-2 nodules
Only one nodule (0.2%) was categorized as CEUS LR-1, and five nodules (1%) as CEUS LR-2. All these
nodules were found to be benign.
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Table 1 Characteristics of patients and hepatic nodules
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Item Number or range
Nodules, n 511

Patients, n 269

Males, n (%) 219 (81.4)

Females, n (%) 50 (18.6)

Median age at first nodule (IQR; range)
Males (IQR; range)

Females (IQR; range)

Hepatic cirrhosis aetiology (n)

Chronic HCV infection, 1 (%)

Alcohol abuse, 1 (%)

Chronic HBV infection, 1 (%)

Chronic HCV infection + alcohol abuse, 1 (%)
Chronic HBV + HCV infection, 1 (%)

NASH, n (%)

ChronicHBV infection + alcohol abuse, 1 (%)
Other aetiologies, 1 (%)

Unknown aetiology, 1 (%)

Median diameter of nodules (IQR; range)

69 years (61-75; 43-88)
67 years (59-74; 43-88)

745 years (71-78; 59-85)

129 (48)
45 (16.7)
24 (8.9)
21 (7.8)
83)
622
5(1.9)
6(22)
25 (9.3)

24 mm (16-36; 5-200)

IQR: Inter quartile range; HCV: Hepatitis C virus; HBV: Hepatitis B virus; NASH: Non-alcoholic steatohepatitis.

Table 2 Rates of different conclusive diagnoses for each Contrast-enhanced ultrasound Liver Imaging Reporting and Data System

class

Conclusive diagnosis

0,
HCC ICC Metastasis Other malignancy Benign lesion Total *

CEUS LI-RADSclass ~ CEUS LR-M 1 21 3 1 1 37 7.2

CEUS LR-5 286 0 0 0 2 288 56.4

CEUS LR-4 111 0 0 0 3 114 223

CEUS LR-3 15 2 0 2 47 66 129

CEUS LR-2 0 0 0 0 5 5 1.0

CEUS LR-1 0 0 0 0 1 1 0.2

Total 423 23 3 3 59 511 100.0
% 828 45 0.6 0.6 115 100.0

CEUS LI-RADS: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; HCC: Hepatocellular carcinoma; ICC: Intrahepatic

cholangiocarcinoma.

Interobserver agreement

The observed agreement between the two internal raters (1 and 2) for the assignment of CEUS LI-RADS
class was 95.7%, with Cohen’s k = 0.94 (95%CI: 0.92-0.97, P < 0.0001), which represents an almost perfect
agreement, according to Landis and Koch[30] classification. The agreement is clearly visualized in
Figure 4A. Supplementary Table 4 shows the assignments of the two raters.

The observed agreement among the three raters from different centres (2, 3, and 4) for the assignment
of CEUS LI-RADS class was 68% and Fleiss’s k coefficient showed a value of 0.67 (P < 0.0001), which
represents a substantial agreement. In particular, the agreement was almost perfect between raters 2 and
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Table 3 Rates of hepatocellular carcinoma and intrahepatic cholangiocarcinoma in different Contrast-enhanced ultrasound Liver

Imaging Reporting and Data System classes

CEUS LI-RADS class HCC ICC

LR-3 15/66 (22.7%) 2/66 (3%)
LR-4 111/114 (97.4%) 0/114 (0%)
LR-5 286,/288 (99.3%) 0/288 (0%)
LR-M 11/37 (29.7%) 21/37 (56.8%)

CEUS LI-RADS: Contrast-enhanced ultrasound Liver Imaging Reporting and Data System; HCC: Hepatocellular carcinoma; ICC: Intrahepatic

cholangiocarcinoma.

Table 4 Rates of different contrast-enhanced ultrasound patterns in arterial phase

Arterial phase CEUS pattern Nodules, n (%)
Homogeneous hyperenhancement 404 (79.1)

Rim hyperenhancement 23 (4.5)
Globular hyperenhancement 1(0.2)
Isoenhancement 65 (12.7)
Hypoenhancement 18 (3.5)

CEUS: Contrast-enhanced ultrasound.

Table 5 Rate of different portal and late phase contrast-enhanced ultrasound patterns

Portal and late phase CEUS pattern Nodules, n (%)
Late and mild washout 310 (60.7%)
Early /marked washout 27 (5.3%)
Isoenhancement 157 (30.7%)
Hypoenhancement 15 (2.9%)
Hyperenhancement 2(0.4%)

CEUS: Contrast-enhanced ultrasound.

WIG |
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3 (k= 0.88, P < 1.7 x 10%), substantial between raters 2 and 4 (k = 0.66, P < 1.5 x 10"*), and substantial
between raters 3 and 4 (k = 0.61, P < 8.5 x 10™°). The agreement is visualized in Figure 4B-D.

With regards to specific CEUS patterns, we found a higher degree of agreement for APHE (internal k
=0.86, P < 2.7 x 104 external k = 0.8, P < 0.001) than for washout (internal k = 0.79, P < 1.6 x 10?7
external k = 0.71, P < 0.001).

DISCUSSION

CEUS LI-RADS is a valuable diagnostic tool for non-invasive differential diagnosis of focal liver lesions
in patients with cirrhosis. Based on our experience, employing this approach improves the performance
of CEUS in the characterization of nodules, especially to discriminate between HCC and ICC.

In the current study, CEUS LR-5 was extremely specific for HCC with a very high PPV (99.3%). Only
two false-positive results were observed, which were not ICC. We can therefore maintain that CEUS LR-
5 is an appropriate tool for non-invasive diagnosis of HCC with virtually no risk of ICC misdiagnosis.
Our data agree with recent publications on the subject[22]. However, CEUS LR-5 lacked sensitivity
(67.6%) due to the large number of CEUS LR-4 nodules with a final diagnosis of HCC (97.4%). The high
specificity of CEUS LR-5 for HCC combined with a low sensitivity was confirmed by a recent
prospective multicentric study that compared the accuracy of different CEUS algorithms for the non-
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Table 6 Diagnostic statistics of different contrast-enhanced ultrasound Liver Imaging Reporting and Data System classes for different

diagnosis

- Sensitivity (%)  Specificity (%) PPV (% NPV (% Diagnostic Youden’s Odds P

Tested association y (%) : y () (%) ) 9 3 q .

accuracy (%) index Ratio  value
CEUS LR M-ICC 91.3 (72.0-98.9) 96.7 (94.7-98.1) 56.8 (39.5-72.9) 99.6 (98.5-99.9) 96.5 (94.5-97.9) 0.880 309.75  <0.001
CEUS LR 5-HCC 67.6 (62.9-72.1) 97.7 (92.0-99.7) 99.3 (97.5-99.9) 38.6 (32.1-45.3) 72.8 (68.7-76.6) 0.653 89.80 <0.001
CEUS LR 4-HCC 26.2 (22.1-30.7) 96.6 (90.4-99.3) 97.4 (92.5-99.5) 21.4 (17.5-25.8) 38.4 (34.1-42.7) 0.228 10.10 <0.001
CEUS LR 4/5-HCC 93.9 (91.1-95.9) 94.3 (87.2-98.1) 98.8 (97.1-99.6) 76.1 (67.0-83.8) 93.9 (91.5-95.8) 0.882 25350  <0.001
CEUS LR 3-benign 79.7 (67.2-89.0) 95.8 (93.5-97.5) 71.2 (58.7-81.7) 97.3 (95.3-98.6) 93.9 (91.5-95.8) 0.755 89.26 <0.001
lesion
CEUS LR-3- 42(25-6.5) 20.3 (11.0-32.8) 28.8 (18.3-41.3) 2.7 (1.4-4.7) 6.0 (4.2-8.5) -0.755 0.01 <0.001
malignancy
CEUS LR-3-iso-iso- 5.3 (0.1-26.0) 19.1 (9.1-33.3) 26 (0.1-13.5)  33.3 (16.5-54.0) 15.2(7.5-26.1) -0.756 0.01 <0.001
malignancy
CEUS LR-3-hypo- 57.9 (33.5-79.7) 91.5 (79.6-97.6) 73.3 (44.9-92.2) 84.3 (71.4-93.0) 81.8 (70.4-90.2) 0.494 14.78 <0.001

hypo-malignancy

CEUS: Contrast-enhanced ultrasound; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; PPV: Positive predictive value; NPV:
Negative predictive value.

Table 7 Classification of nodules for LR-3, LR-4, and LR-5 classes, reported in yellow, orange, and red, respectively

No APHE' APHE!
Nodule size Total
<20 mm 220 mm <10 mm 210 mm
No washout of any type 37 (4) 21 (5) 1(1) 106 (104) 165
Late and mild washout 7 (5) 8(7) 0 288 (286) 303
Total 44 29 1 394 468

1With the exclusion of nodules with rim and peripheral discontinuous globular arterial phase hyper-enhancement belonging to contrast-enhanced
ultrasound LR-M and contrast-enhanced ultrasound LR-1 classes, respectively.
Number of hepatocellular carcinomas in brackets. APHE: Arterial phase hyperenhancement.

invasive diagnosis of HCC[31] and a recent meta-analysis[32].

Considering the high risk of HCC for the LR-4 class (97.4% PPV), the possibility of merging LR-4 and
5 classes was tested. By doing so, sensitivity in identifying HCC rose from 67.6% to 93.9%. The loss in
specificity was low (from 97.7% to 94.3%), and was entirely attributed to two nodules > 10 mm classified
as CEUS LR-4, which turned out to be benign. Data from the literature supports such an approach,
showing that around 50% of HCCs do not display any washout in the portal and late venous phases on
CEUS. In particular, Giorgio ef al[33] demonstrated in their series that 55.4% of the biopsied HCC
nodules < 20 mm showed this pattern after APHE. These findings were further corroborated by Leoni et
al[34], who found that the hyper-iso pattern shows a high PPV (94%) for HCC and identifies nodules
that are HCC or with a strong tendency to malignant progression. This pattern was detected in 36.2%
(46 out 127) of HCCs[34].

Therefore, it should be considered that the introduction of the washout criteria in CEUS is based on
findings from studies exploring the role of contrast-enhanced CT in the non-invasive diagnosis of HCC
[35-37]. These findings were then extended to CEUS and MRI with little consideration for the differences
in the pharmacokinetics of contrast agents among these techniques and the importance of the nodule
visibility at baseline. Indeed, the requirement for washout as a diagnostic criterion is less stringent for
CEUS and MR, since these techniques have an improved capability to evaluate and determine whether
APHE reflects the presence of a distinct nodule or merely abnormalities of intrahepatic vessels. CEUS, in
particular, is performed for improved characterization of a nodule that has already been detected
through conventional ultrasound.

Unfortunately, the introduction of washout in CEUS has significantly lowered the sensitivity of non-
invasive diagnostic criteria for HCC. The inclusion of hyper-iso pattern among criteria for non-invasive
HCC diagnosis might be a solution to increase CEUS sensitivity. Using this strategy, it can be concluded
that there is no significant risk of overestimating the diagnosis of HCC, as in our series 98% of the
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Figure 2 Examples of different contrast-enhanced ultrasound Liver Imaging Reporting and Data System classes. A: Contrast-enhanced
ultrasound (CEUS) LR-M. Notice rim arterial phase hyperenhancement and early washout, before 60 s; B: CEUS LR-5. Notice homogeneous arterial phase
hyperenhancement, isoenhancement in portal phase, and mild washout in the late phase; C: CEUS LR-4. Notice homogeneous arterial phase hyperenhancement
and isoenhancement in both portal and late phases; D: CEUS LR-3 iso-iso. Notice isoenhancement in all phases; E: CEUS LR-3 hypo-hypo. Notice
hypoenhancement in all phases. The arrows show the target lesion.

nodules with the hyper-iso pattern were HCCs and only 2% were benign nodules. These considerations
and results agree with another study on the combination of CEUS LR-4 and LR-5 criteria[38].
Furthermore, different studies demonstrated that the identification of washout has higher inter-rater
variability than APHE identification[39,40]. These findings are also confirmed by the present study.
Regarding ICC, we observed that the majority of the nodules (21/23, 91.3%) were correctly diagnosed
using the LR-M class of risk. Only two ICC cases were not assigned to this class due to a hypovascular
aspect in all phases. The high sensitivity and specificity of the CEUS LR-M class for ICC (91.3% and
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Figure 3 Absolute frequency (n) of malignancies and benign lesions in LR-3 nodules and LR-3 subgroups with different contrast-
enhanced ultrasound patterns.
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96.7%, respectively) in our series of patients demonstrate that this class is a valuable diagnostic tool for
this type of cancer. Still, this class is not entirely specific for ICC as other types of malignancy can be
found, such as HCC, metastatic lesions, and rarer malignancies[41]. We found that 11 out of 37 nodules
(30%) classified as LR-M turned out to be HCC. This was due to the presence of an early washout
(63.6% of nodules) and/or a rim enhancement pattern (54.5% of nodules). These observations are in
agreement with the previously published literature. In particular, a multicentre retrospective study
published by Terzi et al[22] reported that about 40% of LR-M lesions were HCCs. Another study by
Wilson et al[16] identified that 35% of HCCs were reported to be LR-M. Several other authors have
attempted to decrease the risk of HCC misdiagnosis by proposing a modified LR-M class of risk with
the introduction of new criteria, such as the shortening of washout timing to < 45 s or the possibility to
detect a significant washout to < 3 min[42-44]. Interestingly, Chen et al[45] were able to reduce the ICC
misdiagnosis rate with CEUS LR-M from 38 to 12 cases by considering other criteria such as the
presence of an intratumoral vein or an unclear boundary of the intratumoral non-enhanced area.
However, we did not test these new criteria that require validation in multicentric and prospective
studies. Another recent study by Huang et al[46] suggested that the integration of CEUS with the dosage
of serum tumour markers (AFP and CA 19.9) improves the differentiation of LR-M nodules. Even
though there are some limitations related to LR-M in this scenario, the adoption of this class of risk
allows the improvement of diagnostic performance of CEUS for ICC, overcoming the drawbacks that
resulted in the elimination of CEUS from the diagnostic flow charts of the most important hepatological
international guidelines[3,8].

At present, CEUS LR-3 lesions are considered to hold an intermediate risk of malignancy, which is
around 50% according to a recent study published by Terzi et al[22]. This rate was much lower in our
case series (28.8%), which might be attributable to the lower figures of our study. Still, looking at the
data from single centres in the multicentric study by Terzi et al[22], the rate of HCC in the CEUS LR-3
class ranged between 28.3% and 74.3%. One possible explanation for these results could be the high
intrinsic heterogeneity of this class. Indeed, the algorithm only considers either the presence or absence
of APHE, without any distinction between isoenhancement and hypoenhancement in all phases.
However, in our clinical experience, hypo-hypo lesions are more likely to be malignant than iso-iso
lesions. The present study confirmed this observation: Within the CEUS LR-3 class, the PPV for
malignancy moved from 28.8% for CEUS LR-3 overall class to 2.6% for CEUS LR-3 iso-iso nodules, and
73.3% for CEUS LR-3 hypo-hypo nodules (Table 5). These considerations are in concordance with
studies published before the advent of CEUS LI-RADS, when the problem of hypovascular nodules,
which represent around 10% of HCC, was highlighted[47-49]. Likewise, we should be aware of the
possibility of detecting ICC nodules in this class when a nodule shows hypoenhancement in all the
phases; as observed in two out of 15 (13%) hypo-hypo nodules in our study. In light of these
observations, we believe that it might be advantageous to split the CEUS LR-3 class into two subgroups
(e.., CEUS LR-3a and CEUS LR-3b) in order to separate iso-iso lesions from other patterns. To the best
of our knowledge, this is the first study suggesting a CEUS LR-3 refinement based on real-life results.
We believe that more attention should be directed towards the behaviour of nodule enhancement,
rather than focusing on the size of the lesion alone.
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Figure 4 Bangdiwala’s agreement charts of the Contrast-enhanced ultrasound Liver Imaging Reporting and Data System class
assignments between different raters. In the case of perfect agreement, the k rectangles are represented by perfect squares and the shaded squares
determined by the diagonal cell entries are exactly equal to the rectangles; lesser agreement is visualized by comparing the area of the blackened squares to the area
of the rectangles. A: Agreement chart between the two internal raters (1 and 2), with the exclusion of LR-1 and LR-2 classes due to their rarity (n = 505); B-D:
Agreement charts among the three raters from different centres (2, 3, and 4) for the subgroup of 50 nodules. We list the agreement charts between raters 2 and 3 (B),
between raters 2 and 4 (C), and between raters 3 and 4 (D).

Jaishideng®

Finally, this study demonstrated excellent inter-rater reliability of this classification system.
Therefore, the use of CEUS LI-RADS in clinical practice could improve the reproducibility of CEUS and
partially reduce the gap due to the difference in experience, as suggested by a recent study[50].

Our study also has some critical shortcomings, namely, its retrospective nature and the limited
number of nodules analysed. These drawbacks are primarily due to the fact that data were collected
from a single centre. Another debatable aspect of our investigation is the limited number of biopsies.
However, we would like to highlight that current guidelines do not routinely recommend biopsy for
nodules with typical HCC pattern on CT or MRI, allowing a non-invasive diagnosis[4,28].

Further prospective multicentric studies are warranted to confirm our findings and to investigate
whether our considerations could be applied to the general population of patients with cirrhosis.

CONCLUSION

The present study supports the use of CEUS LI-RADS for the characterization of focal liver lesions in
liver cirrhosis and the usefulness of LR-5 and LR-M classes to diagnose HCC and ICC, respectively.
Additionally, our findings suggest that the merging of LR-4 and LR-5 classes provides innovative
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benefits in terms of diagnostic accuracy for HCC. Furthermore, it seems reasonable to split the CEUS
LR-3 class into two subgroups to differentiate the risk of malignancy between iso-iso nodules, which are
more likely to be benign, and other patterns, namely, hypo-hypo nodules, which are more likely to be
malignant and not specific for HCC.

ARTICLE HIGHLIGHTS

Research background

Patients affected by liver cirrhosis are at high risk of developing hepatocellular carcinoma (HCC) and
other malignancies such us intrahepatic cholangiocellular carcinoma (ICC). Diagnostic tools to charac-
terize new-onset nodules in cirrhosis include contrast-enhanced ultrasound (CEUS), but this technique
has been challenged for the possibility of misdiagnosing HCC and ICC.

Research motivation

The CEUS Liver Imaging Reporting and Data System (CEUS LI-RADS) aims to refine CEUS
interpretation in order to improve the differentiation of HCC from other malignancies. Nevertheless, its
effectiveness in real-life context has not yet been well established.

Research objectives

To test the accuracy of CEUS LI-RADS in correctly diagnosing HCC and ICC in cirrhosis with LR-5 and
LR-M class, respectively, to evaluate the performance of LR-4 and 5 merging class in the diagnosis of
HCC, and to investigate the rate of malignancies in different LR-3 patterns.

Research methods

This study consecutively collected 511 nodules in 269 cirrhotic patients from December 2008 to January
2020. A CEUS LI-RADS class was retrospectively attributed to each nodule based on review of CEUS
examination. Common diagnostic accuracy indexes were assessed for the following associations: CEUS
LR-5 and HCC; CEUS LR-4 and 5 merged class and HCC; CEUS LR-M and ICC; CEUS LR-3 and
malignancy. The diagnostic standard was either biopsy or computed tomography/magnetic resonance
imaging. The frequency of malignant lesions in CEUS LR-3 subgroups with different CEUS patterns was
also determined.

Research results

CEUS LR-5 showed a 97.7% specificity for HCC with a low sensitivity (67.6%), while the CEUS LR-4 and
5 merged class showed a 93.9% sensitivity and 94.3% specificity for HCC. CEUS LR-M predicted ICC
with a 91.3% sensitivity and 96.7% specificity. CEUS LR-3 predominantly included benign lesions
(28.8% of malignancies) but was heterogeneous as the hypo-hypo pattern showed a higher rate of
malignant lesions (73.3%) than the iso-iso pattern (2.6%).

Research conclusions

HCC diagnosis could benefit from the merging of CEUS LI-RADS classes 4 and 5. In addition, splitting
LR-3 class could be advantageous to differentiate iso-iso nodules from other patterns with a higher risk
of malignancy.

Research perspectives
Further prospective multicentric studies are necessary to confirm and extend our findings to the general
population.
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