Abdominal Radiology
https://doi.org/10.1007/500261-024-04305-9

HEPATOBILIARY q

Check for
updates

Clinical impact of CEUS on non-characterizable observations
and observations with intermediate probability of malignancy on CT/
MRI in patients at risk for HCC

Yuko Kono' - F. Piscaglia®? - S. R. Wilson® - A. Medellin*- S. K. Rodgers>® - V. Planz’ - A. Kamaya® - D.T. Fetzer® -
A.Berzigotti'®- P.S. Sidhu"'2. C. E. Wessner’ - K. Bradigan® - Cristina M. Kuon Yeng Escalante’ - T. Siu Xiao® -
J.R.Eisenbrey® - F. Forsberg® - A. Lyshchik®® on behalf of CEUS LI-RADS Trial Group

Received: 16 February 2024 / Revised: 16 March 2024 / Accepted: 20 March 2024
© The Author(s) 2024

Abstract

Background Hepatocellular carcinoma (HCC) is a unique cancer allowing tumor diagnosis with identification of definitive
patterns of enhancement on contrast-enhanced imaging, avoiding invasive biopsy. However, it is still unclear to what extent
Contrast-Enhanced Ultrasound (CEUS) is a clinically useful additional step when Computed tomography (CT) or Magnetic
resonance imaging (MRI) are inconclusive.

Methods A prospective international multicenter validation study for CEUS Liver Imaging Reporting and Data System (LI-
RADS) was conducted between January 2018 and August 2021. 646 patients at risk for HCC with focal liver lesions were
enrolled. CEUS was performed using an intravenous ultrasound contrast agent within 4 weeks of CT/MRI. Liver nodules
were categorized based on LI-RADS (LR) criteria. Histology or one-year follow-up CT/MRI imaging results were used as
the reference standard. The diagnostic performance of CEUS was evaluated for inconclusive CT/MRI scan in two scenarios
for which the AASLD recommends repeat imaging or imaging follow-up: observations deemed non-characterizable (LR-
NC) or with indeterminate probability of malignancy (LR-3).

Results 75 observations on CT or MRI were categorized as LR-3 (n=54) or LR-NC (n=21) CEUS recategorization of
such observations into a different LR category (namely, into one among LR-1, LR-2, LR-5, LR-M, or LR-TIV) resulted in
management recommendation changes in 33.3% (25/75) and in all but one (96.0%, 24/25) observation, the new management
recommendations were correct.

Conclusion CEUS LI-RADS resulted in management recommendations change in substantial number of liver observations
with initial indeterminate CT/MRI characterization, identifying both non-malignant lesions and HCC, potentially accelerat-
ing the diagnostic process and alleviating the need for biopsy or follow-up imaging.

ClinicalTrials.gov number, NCT03318380.
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Introduction

Hepatocellular carcinoma (HCC) is among the most lethal
cancers worldwide, though with improved survival when
accurately diagnosed at an early, curative stage [1]. Com-
pliance with HCC surveillance programs help accomplish
this goal [2]. Unlike most solid cancers, HCC diagnosis
and treatment planning can often be confidently established
through noninvasive dynamic contrast imaging without the
need for biopsy. Consequently, the precision of imaging
diagnosis is of paramount importance. To ensure a standard-
ized approach to the technique, terminology, interpretation,
and reporting of liver imaging in individuals at risk for HCC,
the Liver Imaging Reporting and Data System (LI-RADS)
was established. Initially developed in 2011 for computed
tomography (CT) and magnetic resonance imaging (MRI),
LI-RADS was expanded to include contrast-enhanced ultra-
sound (CEUS) in 2017 [3].

The current American Association for the Study of Liver
Diseases (AASLD) practice guidance on the prevention,
diagnosis, and treatment of HCC recommends US as the
first-line imaging modality for HCC surveillance, and con-
trast-enhanced, multiphase CT and MRI for diagnosis of
HCC in patients with nodules > 1 cm detected by surveil-
lance [2]. These guidelines also accept the possibility of
CEUS as a second-line modality in cases where MRI and CT
are inconclusive, unavailable, or contraindicated, or when
tumor biopsy is not feasible [2]. The National Comprehen-
sive Cancer Network (NCCN) Guidelines for Hepatobiliary
Cancers do not include CEUS in the HCC diagnosis algo-
rithm as of this publication, though mention that CEUS has
comparable diagnostic accuracy as MRI, albeit not com-
monly used in the United States of America (USA) [4]. Prac-
tice guidelines from international organizations such as the
European Association for the Study of the Liver (EASL) [5],
Asian Pacific [6], Canadian [7], Korean [8], and Japanese [9]
HCC guidelines include CEUS in their respective diagnostic
algorithms as a second-line modality. Notable strengths of
CEUS include resilience to mistiming of the arterial phase
(common occurrence with CT/MRI), ability to administer
multiple doses of contrast agent, capability to detect sub-
tle enhancement differences, and a favorable contrast agent
safety profile [10].

Our group recently conducted an international multi-
center prospective validation study of CEUS LI-RADS in
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patients at risk for HCC in North America and Europe [11].
The study demonstrated that CEUS LI-RADS (LR) accu-
rately categorizes liver nodules in participants at risk for
HCC, achieving a 95.1% specificity and 97.0% positive pre-
dictive value (PPV) of LR-5 for HCC diagnosis. In that study
and as well as in our daily clinical practice, a substantial
number of liver observations in patients at risk for HCC are
categorized on CT/MRI as LR-3 (indeterminate probability
for malignancy). There are also cases categorized as LR-NC
(non-characterizable). This categorization is assigned when
observations cannot be categorized meaningfully because
key imaging phases were omitted or degraded, prevent-
ing assessment of one or more major features. As a direct
result, reasonable categories range from those where cancer
is unlikely (LR-1 or LR-2) to those where cancer is likely
(LR-4, LR-5, LR-M). According to the AASLD guidelines,
observations with both LR-3 and LR-NC categorization are
managed by repeat or alternating CT/MRI imaging, but such
an approach may delay HCC diagnosis, bearing the risk of
leaving an active aggressive cancer untreated. Interestingly,
HCCs without a typical conclusive imaging contrast pattern
are not less aggressive than those with the typical diagnostic
features [12].

We hypothesize that CEUS is capable of re-categorizing
CT/MRI-indeterminate lesions with high accuracy, result-
ing in meaningful management recommendation changes.
We therefore conduct a sub-analysis to explore the clinical
impact of CEUS to further characterize focal liver nodules
with LR-3 and LR-NC CT/MRI categorization.

Methods

A prospective international multicenter validation study for
CEUS LI-RADS was conducted between January 2018 and
August 2021 [11]. This study was reviewed and approved
by the Institutional Review Board at each participating insti-
tution. Before enrollment, written informed consent was
obtained from all participants. The study was performed at
11 academic and nonacademic sites in the USA, Canada,
Italy, the UK, and Switzerland. Extensive clinical site moni-
toring and data auditing were conducted to ensure that the
rights of all study participants were protected, the study was
implemented in accordance with the protocol, and the data
collection methods and the quality and integrity of study
data were maintained.

The subject population included patients at risk for HCC
presenting with untreated focal liver nodules detected on
standard-of-care screening US or observation on diagnostic
CT or MRI. A total of 646 consecutive patients at risk for
HCC were enrolled in this study. The study inclusion and
exclusion criteria were previously reported [11].
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CEUS was performed using the intravenous US con-
trast agent Sulfur hexafluoride lipid type A microspheres
(Lumason/SonoVue, Bracco Diagnostic) within 4 weeks of
multiphase contrast-enhanced CT/MRI or 4 weeks before
tissue sampling. We performed a urine pregnancy test in
women of childbearing age before each CEUS study, the
results of which were made available to the subject prior
to study initiation.

All liver observations were categorized based on CEUS
and CT/MRI LI-RADS 2017 criteria. CEUS LI-RADS cat-
egorization was performed by a physician either perform-
ing or supervising CEUS examinations at each partici-
pating institution [6]. Similar to routine clinical practice,
the readers of CEUS were not purposefully blinded to the
results of CT/MRI, since CT/MRI results commonly used
to guide CEUS examinations.

All centers involved in this study had personnel familiar
with CEUS and with appropriate knowledge and technical
skills. All sites had access to CEUS educational materials
and on-site clinical application support to ensure appropri-
ate use of ultrasound contrast agent and ultrasound scan-
ners. In addition, all study personnel had access to CEUS
educational materials on technical recommendations,
APHE and washout assessment, and a copy of pictorial
essay recently created by the ACR CEUS LI-RADS work-
ing group that provides imaging examples. CEUS exam-
iners had between 3 and 25 years of experience in liver
CEUS. The LI-RADS categories were assigned as follows:
non-characterizable observations (LR-NC); Tumor in Vein
(LR-TIV); LR-1 or LR-2 as benign or probably benign
nodules, respectively; CEUS LR-M as probably or defi-
nitely malignant but not HCC specific; and all other nod-
ules assigned categories of LR-3 (intermediate probability
of malignancy), LR-4 (probably HCC), or LR-5 (definitely
HCC) according to CEUS LI-RADS [6].

The present analysis focused on the clinical utility of
CEUS in observations that were categorized as LR-3 or
LR-NC on CT or MRI and therefore require imaging fol-
low-up or alternative imaging modality, according to the
recent AASLD guidelines.

For the purpose of this study, all management decisions
were made solely on CT/MRI or tissue histology results.

All CT and MRI examinations were interpreted by site
radiologists according to CT/MRI LI-RADS v 2018.

The composite reference standard to categorize obser-
vations as “HCC,” “Non-HCC malignancy,” or “non-
malignant” was based on histopathology, initial or follow-
up CT, or MR imaging in the following order of strength
as previously reported [11]:

(1) Histopathology (biopsy, surgical excision, or explant
histology) was used whenever available for all observa-

tions, regardless of their initial imaging characteriza-
tion.

(2) For observations without histopathology, imaging fol-
low-up was performed for up to 1 year from the initial
examination. Results of follow-up imaging were used
as follows:

(a) Observations downgraded to CT/MRI LR-1 or
LR-2 on 1-year follow-up imaging were consid-
ered non-malignant.

(b) Observations with CT/MRI LR-3 categorization
on 1-year follow-up imaging were considered non-
malignant.

(c) Observations with CT/MRI LR-4 categorization
on 1-year follow-up imaging were excluded from
the analysis due to the uncertainty of imaging
diagnosis.

(d) Observations upgraded to CT/MRI LR-5 on any
follow-up imaging were considered HCC.

(e) Observations upgraded to CT/MRI LR-M or CT/
MRI LR-TIV on any follow-up imaging in patients
without contraindications to biopsy were referred
for histological confirmation, as per current clini-
cal practice standards. CT/MRI LR-M and CT/
MRI LR-TIV lesions without histological confir-
mation were excluded from the analysis.

Statistical methods

To assess the clinical impact of CEUS in patients with CT/
MRI LR-3 and LR-NC categorization, we calculated the
proportion of patients in which CEUS resulted in changes
of management recommendations as defined by the AASLD
Clinical Guidance on HCC version 2023. We also calcu-
lated positive predictive value (PPV) and negative predic-
tive value (NPV) of CEUS diagnosis. All statistical analyses
were performed using Statistical Analysis Software (SAS)
9.4 (SAS Institute, Cary, NC, USA).

Results

There were a total of 75 nodules in 68 patients categorized
as LR-3 (72%, 54/75) or LR-NC (28%, 21/75) on CT/MRI.
Patient demographics and relevant clinical information are
shown in Table 1.

Observations categorized as LR-3 on CT/MRI
There were a total of 54 observations categorized as LR-3
on CT or MRI, of which 25.9% (14/54) were confirmed as

HCC, 72.2% (39/54) were non-malignant, and 1.9% (1/54)
non-hepatocellular malignancy (mixed hepatocellular
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Table 1 Patient’s characteristics

Table 1 (continued)

Total Percentages Total Percentages
Gender 5 0 0.0%
Female 19 27.9 Unknown 6 8.9%
Male 49 72.1 Child-Pugh score
Race A 43 63.3%
American Indian or Alaska Native 0 0 B 21 30.9%
Asian 6 8.8 C 2 2.9%
African American 7 10.3 Unknown 2 2.9%
Native Hawaiian or Other Pacific Islander 1 1.5
White 48 70.5
Other 5 74 cholangiocarcinoma). The final diagnosis reference standard
Unknown 1 L5 was based on follow-up CT/MRI (74.1%, 40/54), percutane-
Ethnicity ous biopsy (14.8%, 8/54), or liver explant histology (11.1%,
Hispanic or Latino 6 8.9 6/54).
Not Hispanic or Latino 60 88.2 Of 54 CT/MRI LR-3 observations, CEUS categorized
Unknown 2 2.9 13.0% (7/54) observations as non-malignant (1 LR-1 and 6
Personal history of HCC LR-2), all of which were confirmed non-malignant by refer-
Yes 16 23.5% ence standard, resulting in a CEUS NPV of 100% for HCC
No 52 76.5% in this group (Fig. 1). An additional 13.0% (7/54) CT/MRI
Personal history of treated HCC LR-3 observations were categorized on CEUS as LR-5, all
Yes 13 19.1% of which were confirmed to be HCC by reference standard,
No 55 80.9% resulting in a CEUS PPV of 100% for HCC in this group.
Liver disease etiology Examples of CT/MRI LR-3 recategorization by CEUS to
Alcohol 24 29.2% LR-5 are provided in Figs. 2 and 3.
NASH 15 18.3% The remaining 40 (74.1%) CT/MRI LR-3 observations
Hepatitis B 9 11.0% remained indeterminate after CEUS as follows: 51.9%
Hepatitis C 25 30.5% (28/54) were categorized by CEUS as LR-3, 13.0% (7/54)
Other ? 11.0% as LR-4, 2% (1/54) as LR-M, 2% (1/54) LR-TIV, and 5.5%
Cirrhosis (3/54) as LR-NC (Fig. 4).
Yes 66 97.1%
No 2 2.9% Observations categorized as LR-NC on CT/MRI
Cirrhosis biopsy proven
Yes 5 74% There were a total of 21 observations categorized as LR-NC
No 61 89.7% on CT/MRI, 52.4% (11/21) were confirmed HCC, 42.9%
Unknown 2 2.9% non-malignant (9/21), and 4.8% non-hepatocellular malig-
Encephalopathy nancy (1/21). The final diagnosis reference standard was
No encephalopathy 62 91.2% based on follow-up CT/MRI (66.7%, 14/21), percutaneous
Grade 1-2 3 4.4% biopsy (28.6%, 6/21), or liver explant histology (4.8%, 1/21)
Grade 34 0 0.0% (see Fig. 5).
Unknown 3 4.4% Of 21 CT/MRI LR-NC observations, CEUS categorized
Ascites one observation (4.8%, 1/21) as definitely benign (LR-1),
Absent 43 63.3% confirmed as non-malignant by reference standard, resulting
Slight 20 29.4% in a CEUS NPV of 100% for HCC in this group. An addi-
Moderate 2 2.9% tional 38.9% (6/21) of CT/MRI LR-NC observations were
Unknown 3 4.4% categorized on CEUS as LR-5, all of which were confirmed
ECOG performance status HCC by reference standard, resulting in a CEUS PPV of
0 >2 76.5% 100% for HCC in this group. Example of CT/MRI LR-NC
1 3 7.4% observation recategorization by CEUS to LR-5 is provided
2 4 5.9% in Fig. 6.
3 1 1-537 The remaining 66.7% (14/21) CT/MRI LR-NC observa-
4 0 0.0%
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Fig.1 Hemangioma with MRI LR-3 categorization. A Pre-contrast
MR image demonstrating small hypo-intense observation in the right
hepatic dome (arrow). Arterial phase image which is degraded by
motion artifact (B) demonstrated questionable arterial hypo enhance-
ment in the parts of the observation, with hypoenhancement on late

(11/21) were categorized by CEUS as LR-3, 4.8% (1/21) as
LR-4, and 9.5% (2/21) as LR-M (Fig. 4). Both observations
categorized as LR-M on CEUS were confirmed malignant
by reference standard (one lesion was confirmed HCC and
another one as colon cancer metastasis). On note, none of
the observations categorized as LR-NC on CT/MRI had the
same LR-NC categorization on CEUS.

Clinical impact of CEUS on CT/MRI LR-3 and LR-NC
management recommendations

In patients with CT/MRI LR-3 observations, CEUS resulted
in management recommendation changes in 29.6% (16/54)
of observations and in 93.8% (15/16) of the re-categorized
observations the recommendations were correct. A total of
25.9% (14/54) of observations were correctly categorized
as non-malignant or definitely HCC, removing the need for
follow-up imaging. One CEUS LR-TIV observation was
referred to biopsy and confirmed as HCC, resulting in sub-
stantial change in patient management. Another observation
was categorized as LR-M, also prompting recommendations
for biopsy. The biopsy was not performed; the observation
was downgraded to LR-2 on follow-up MRI and considered
non-malignant.

phase image (C), resulting in LR-3 categorization. D Grayscale ultra-
sound image showing hyperechoic liver nodule measuring 1.6 cm
marked by calipers with peripheral interrupted APHE (E). CEUS rep-
resentative image at 1 min (F) persistent hyperenhancement—typical
appearance of hemangioma (LR-1)

In patients with CT/MRI LR-NC observations, CEUS
resulted in management recommendation changes in
42.9% (9/21) of observations and in 100% (9/9) of the
re-categorized observations the new management rec-
ommendations were correct. A total of 33.3% (7/21) of
observations were correctly categorized as non-malignant
or definitely HCC, alleviating the need for follow-up imag-
ing. Another 9.5% (2/21) observations were categorized
as LR-M prompting recommendation for tissue biopsy and
both of these observations were confirmed malignant on
tissue histology.

If analyzed as a group including both CT/MRI LR-3 and
LR-NC observations, CEUS resulted in management recom-
mendation changes in 33.3% (25/75) of observations and in
all but one (96.0%, 24/25) of the re-categorized observations
the new management recommendations were correct. A total
of 28.0% (21/75) observations were correctly categorized
as non-malignant or definitely HCC with 100% accuracy,
alleviating the need for follow-up imaging. A single obser-
vation that was re-categorized as CEUS LR-TIV prompted
recommendations for biopsy, confirming the tumor throm-
bus. Another 4% (3/75) of observations were re-categorized
on CEUS as LR-M, also prompting recommendations for
biopsy, which was correct in 66.7% (2/3) of the cases.
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Fig.2 HCC with CT LR-3 categorization. A Arterial phase CT image
demonstrating small nodule with no APHE (arrows). Later phase
images (B, C) demonstrated barely perceptible washout. D Grayscale
ultrasound image demonstrating hypoechoic nodule in a fatty liver

Discussion

This multi-national study shows a relevant diagnostic benefit
for the use of CEUS in a series of prospectively collected
patients at risk for HCC, with liver observations catego-
rized as indeterminate on CT or MRI. In nearly a third of
cases originally deemed indeterminate on CT/MRI, CEUS
achieved a definitive diagnosis with 100% PPV for CEUS
LR-5 and LR-TIV and 100% NPV for CEUS LR-1 and LR-2.

Prior work attempting to resolve indeterminate liver find-
ings focused primarily on repeating the CT/MRI, obtain-
ing tissue sampling, or performing active surveillance.
Abd Alkhalik Basha et al. conducted a study evaluating the
diagnostic efficacy of LI-RADS with CT, categorizing small
nodules detected in the cirrhotic liver at screening US. The
study comprised 55 nodules, 14 of which were categorized
as LR-3. Further investigation indicated that 7 of those nod-
ules were finally confirmed as HCC, while the remaining
lesions were benign [13]. Choi Se Jin et al. analyzed changes
in size thresholds in CT/MRI according to LI-RADS v.2018
categorization and found 57 HCCs that were previously
categorized as LR-3 (n=3), LR-4 (n=17), LR-5 (n=31),
and LR-M (n=6). However, after the changes were imple-
mented, it showed that the threshold had little impact on
LI-RADS categorization for LR-5, although these changes
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measuring 2.5 cm with clear APHE (E). CEUS representative image
at 1 min (F) showing no early washout. G CEUS representative
image at 3 min demonstrating late and mild washout—typical appear-
ance of HCC (LR-5), confirmed on biopsy

showed that the observations that were initially categorized
as LR-3 and LR-4 at CT/MRI could be re-categorized as
LR-5 after 3—6 months imaging follow-up [14]. These find-
ings agree with a 2018 study conducted by Mitchell et al.
stating that the clinical outcome of nodules categorized as
LR-3 with US evolves to HCC in a range of 6-69% [15].
Similarly, Darnell et al. evaluated 262 observations, of
which 74 were categorized as LR-3 on MRI. Of these 74
LR-3 observations, with a median follow-up of 17 months,
51 nodules were diagnosed as HCC (68.9%), 2 were non-
HCC malignant lesions (2.7%), and 21 remained as benign
(28.37%) [16]. Shropshire et al. analyzed 141 lesions initially
classified as LR-3 using the LI-RADS v2017 classification,
with a mean follow-up imaging, either contrast-enhanced CT
or MR, of 20.3 +13.4 months. From the initial classification,
40% (57/141) of the lesions remained as LR-3; 50% were
downgraded to a benign classification (59 LR-1, 11 LR-2);
2% (3/141) were upgraded to LR-4; and 8% (11/141) was
upgraded to LR-5 [17].

There are also clinical studies comparing inter-reader
agreement and how their discrepancies can cause changes
in management and outcomes. For instance, Yokoo et al.
studied nodules categorized as LR-3, LR-4, LR-5, and
LR-M and found that there was more discordance catego-
rizing LR-3 and LR-4 observations than LR-5 observations
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Fig.3 HCC with MRI LR-3 categorization. A Pre-contrast MR image
demonstrating small iso-intense observation (arrow). Arterial phase
image (B) demonstrated APHE without washout on late phase image
(C). D Grayscale ultrasound image showing a small exophytic nodule
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Fig.4 CEUS LI-RADS Results in Patients with LR-3 on CT/MRI

and highlighted how this error may have affected manage-
ment, including decisions regarding therapy and staging
for organ transplantation [18]. In this study of 69 patients,
53 had discordant results, from which 30 had changes in
clinical management. The reasons for discordance were
detection (20/30), size (2/30), and LR category (8/30). In
the detection discordance, the clinical change was type

measuring 1.5 cm with clear APHE (E). CEUS representative image
at 1 min (F) showing no early washout. G CEUS representative
image at 3 min demonstrating late and mild washout—typical appear-
ance of HCC (LR-5), confirmed on explant histology
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Fig.5 CEUS LI-RADS results in patients with LR-NC on CT/MRI

of follow-up imaging (between bi-annual screening US
and shorter-term FU CT/MRI) (15/20), referral for biopsy
(2/20), and eligibility for transplant (3/20). Discordance
due to LR category consisted mainly in choosing imaging
modality for follow-up (3/8), referral for biopsy (3/8), and
changes between treatment modality (2/8). When the size
classification was discordant the clinical changes made
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Fig.6 HCC with MRI LR-NC categorization. A Pre-contrast MR
image demonstrating small hypo-intense observation (arrow). Arte-
rial phase image (B) demonstrated no enhancement, likely due to
mistiming of arterial phase, with persistent hypointensity on late
phase image (C). D Grayscale ultrasound image showing small nod-

were between choosing locoregional vs systemic therapy
and the eligibility of one patient to be considered for
transplant.

Similarly, Smereka et al. studied LI-RADS in MRI, com-
paring the 2017 vs 2018 version between 3 radiologists. The
combined data of all 3 radiologists showed that with the
2017 criteria, 42 out of 110 nodules (38.1%) categorized as
LR-3 progressed to HCC, and while using the 2018 criteria,
144 out of 257 nodules (44.4%) categorized as LR-3 pro-
gressed to HCC. Additionally, the group showed that with
the revised guidelines, several observations re-categorized
as LR-3 had measurements between 10 and 19 mm [19].

Prior studies also compared the prognosis of LR-3 lesions
identified by CEUS and CT/MRI. Zhou et al. conducted a
meta-analysis comparing the proportion of HCC between the
respective CEUS LI-RADS and CT/MRI LI-RADS catego-
ries and the proportion of HCC and non-HCC malignancies
in each. They found that the proportion of HCC in CEUS
LR-3 is lower than in CT/MRI (21% vs 35%). In addition,
it outlined that there was more HCC categorized as LR-2,
3, and 4 in CT/MRI than in CEUS [20]. These data demon-
strate the potential advantages of CEUS for indeterminate
liver nodule categorization as both a primary and secondary
diagnostic tool.
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ule measuring 1.1 cm with clear APHE (E). CEUS representative
image at 1 min (F) showing no early washout. G CEUS representa-
tive image at 3 min demonstrating late and mild washout—typical
appearance of HCC (LR-5), confirmed on follow-up MRI

LR-NC category is assigned to those cases where there
are technical or patient-related limitations that prevent the
characterization of an observation, such as the complete
lack of arterial phase images [21, 22]. Elsayes et al. rec-
ommended that nodules categorized as LR-NC may need
repeat imaging tests in less than 3 months [23]. Kamath
et al. reported one LR-NC case where the initial test was
non-characterizable due to artifacts present on non-contrast
images, and the inability to conclude the test with contrast.
For this reason, the test modality was changed to multiphase
CT, in which the observation was categorized as LR-5 [22].

Our study has several limitations, the most important of
which is use of a composite imaging and histology refer-
ence standard. Ideally, HCC diagnosis should be established
based on tissue sampling. However, the current clinical
practice is based on imaging-based noninvasive diagnosis
of HCC introduced by the Barcelona-2000 European Asso-
ciation for the Study of the Liver conference [2]. Therefore,
obtaining histological diagnosis for every (or even most)
HCC is no longer standard of care, making it practically
impossible to use histology as reference in every case. Also,
for this study, observations with persistent CT/MRI LR-3
categorization on 1-year follow-up imaging were consid-
ered non-malignant. However, since the growth rate of
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some well-differentiated HCC is relatively small, a 1-year
follow-up may not be long enough to exclude malignancy.
On the other hand, nodules followed for more than 1 year
and initially categorized as non-malignant may eventually
transform to malignancy. Another limitation is that similar
to routine clinical practice, in most cases readers of CEUS
were not blinded to the images/results of CT/MRI, since CT/
MRI results commonly used to guide CEUS examinations.
Although doing so might increase clinical applicability of
our study findings. Also, despite the prospective multicenter
design of our study, the relatively small sample size (75 liver
lesions) of this sub-analysis may affect the generalizability
and statistical power of the findings.

These findings have significant implications for patient
management, and based on our data and the results of oth-
ers, we believe that in patients at risk for HCC that CEUS
should be recommended as an appropriate next step in man-
agement of focal liver observations with indeterminate CT/
MRI categorization.

Conclusion

CEUS is a safe and effective tool that well complements CT/
MRI diagnosis of HCC. In our study, CEUS LI-RADS dem-
onstrated high diagnostic benefit in liver observations with
inconclusive or indeterminate categorization on CT/MRI.
Therefore, CEUS should be strongly considered as an appro-
priate next step in management for focal liver observations
with inconclusive or indeterminate CT/MRI categorization
in patients at risk for HCC since it accelerates the diagnostic
process in a considerable number of patients.
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