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Role of US LI-RADS in the LI-RADS

Algorithm

Shuchi K. Rodgers, MD
David T. Fetzer, MD
Helena Gabriel, MD
Fames H. Seow, MBBS
Hailey H. Chot, MD
Katherine E. Maturen, MD
Ashish R Wasnik, MD
Tara A. Morgan, MD

The US Liver Imaging Reporting and Data System (LI-RADS)
was released in 2017 and is the newest of the four American
College of Radiology (ACR) LI-RADS algorithms. US LI-RADS
provides standardized terminology, technical recommendations,
and a reporting framework for US examinations performed for
screening or surveillance in patients at risk for developing hepa-
tocellular carcinoma (HCC). The appropriate patient population

Nirvikar szhz'ya, MD for screening and surveillance includes individuals who are at risk
Mary K. O°Boyle, MD for developing HCC but do not have known or suspected cancer.
Yuko Kono, MD’ PhD This includes patients with cirrhosis from any cause and subsets of
Claude B. Sirlin, MD . . . .. . . AU

patients with chronic hepatitis B virus infection in the absence of
Aya Kamaya, MD

cirrhosis. In an HCC screening or surveillance study, US LI-RADS
recommends assigning two scores that apply to the entire study:
the US category, which determines follow-up, and a visualization
score, which communicates the expected level of sensitivity of the
examination but does not affect management. Three US categories
are possible: US-1 negative, a study with no evidence of HCC;
US-2 subthreshold, a study in which an observation less than 10
mm is depicted that is not definitely benign; and US-3 positive, a
study in which an observation greater than or equal to 10 mm or a
new thrombus in vein is identified, for which diagnostic contrast-
material-enhanced imaging is recommended. Three visualization
scores are possible: A (no or minimal limitations), B (moderate
limitations), and C (severe limitations).

Abbreviations: AASLD = American Association
for the Study of Liver Diseases, ACR = American
College of Radiology, AFP = a-fetoprotein, HBV =
hepatitis B virus, HCV = hepatitis C virus, HCC =
hepatocellular carcinoma, LI-RADS = Liver Imag-
ing Reporting and Data System, NASH = nonal-
coholic steatohepatitis, RCT = randomized con-
trolled trial, WHO =World Health Organization
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TEACHING POINTS

B Given its proven survival benefit in RCTs, as well as its acces-
sibility, safety, and cost-effectiveness, US is the most appropri-
ate screening and surveillance test in the majority of patients
at high risk for HCC.

B The target population for which the AASLD recommends
regular HCC surveillance comprises adult patients without
current or treated HCC with risk factors including compen-
sated cirrhosis of any cause and subsets of adult patients with
chronic HBV infection, even in the absence of cirrhosis.

B There are three US categories: US-1 negative, US-2 subthresh-
old, and US-3 positive, and the result determines the follow-
up recommendation.

B Three visualization scores are possible at US and are defined
as A (no or minimal limitations), B (moderate limitations), and
C (severe limitations).

B Any focal observation should be measured in 3 dimensions,
documenting location within the hepatic Couinaud segment
if possible and relationship to major adjacent vessels (portal
or hepatic veins). Doppler and spectral US should be used in
patients with suspected venous thrombus to identify internal
arterialization, which would suggest tumor in vein.

the 1980s (3). More than 80% of HCCs occur in
the cirrhotic liver, and the prevalence of HCC in
patients with cirrhosis ranges between 1% and 8%
per year (6-8). However, subsets of patients with
hepatitis B virus (HBV) infection without cirrhosis
are also at sufficiently high risk for HCC and war-
rant screening and surveillance.

Studies have shown that the effectiveness of
HCC treatment is dependent on the disease stage
at the time of detection (9). While detection at
an advanced stage is associated with a dismal
prognosis, detection at an earlier stage through
screening and surveillance can enable curative
treatments and decrease mortality.

Implementing a screening and surveillance
program for early HCC detection on a worldwide
basis is a considerable undertaking that should
meet the criteria established by the World Health
Organization (WHO) for determining the appro-
priateness of disease screening (10). The WHO
criteria are summarized in Table 1. Some criteria
relate to the disease itself, others to the perfor-
mance and acceptability of the proposed screening
or surveillance test, and others to the effectiveness
of callback strategies and available treatments.
Fundamentally, the cost of screening should be
economically balanced between costs and benefits.
HCC fulfills many of the disease-related WHO
benchmarks, and screening and surveillance liver
US in patients at risk for HCC (specifically in pa-
tients with cirrhosis when the risk is 1.5% per year
or greater, and in HBV carriers when the preva-
lence of HCC is greater than 0.2% per year) has
been shown to be cost-effective for detecting HCC
at an early curative stage (7,11).
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Table 1: WHO Criteria for a Screening and
Surveillance Program

Common disease with significant morbidity and
mortality

Early asymptomatic stage

Effective therapy that can decrease disease-specific
mortality if detected early

High diagnostic sensitivity and specificity of pro-
posed screening or surveillance test

Cost of screening should be economically balanced

Target population

Source.—Reference 10.

First developed in 2011 to standardize imaging
and reporting of imaging tests in patients with or
who are at risk for developing HCC, the American
College of Radiology (ACR) Liver Imaging Re-
porting and Data System (LLI-RADS) has evolved
as experience and evidence have accumulated. In
2017, US LI-RADS was added to the LI-RADS
algorithm (12). In this article, we describe the role
of US LI-RADS in the ACR LI-RADS algorithm
and the rationale for HCC screening and surveil-
lance, as well as the two key components of the
US LI-RADS report: the US category and the vi-
sualization score. We also review the US LI-RADS
technical recommendations along with tips to
optimize US examination quality. Last, we provide
suggestions for successful implementation of US
LI-RADS into clinical practice. Such implementa-
tion is anticipated to facilitate early detection of
HCC in at-risk patients, with potential for mortal-
ity reduction.

Integrating US LI-RADS into the ACR
LI-RADS Algorithm

ACR LI-RADS is a comprehensive system that
provides standardized terminology, techniques,
interpretations, and reporting for liver imaging
in patients with or who are at risk of developing
HCC. First released in 2011 for CT- and MRI-
based diagnosis of HCC, the system has since
been updated in 2013, 2014, 2017, and 2018,
with each update building on prior experience
and new data.

The latest version of ACR LI-RADS has
four algorithms: (@) US for HCC screening and
surveillance (US LI-RADS); () contrast mate-
rial-enhanced US for HCC diagnosis (CEUS
LI-RADS); (¢) CT/MRI for HCC diagnosis and
staging (CT/MRI LI-RADS); and (d) CT/MRI
for HCC treatment response assessment (TR
LI-RADS).

The relationships between the four algo-
rithms are summarized in Figure 1 (13). As
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LI-RADS® Algorithms

Surveillance ultrasound for HCC
in high-risk patients2

l

Surveillance US
" LI-RADS® Algorithm

with multiphase CT, MRI, or CEUS

Non-multiphase CT or MRI
in high-risk patients ¢

Multiphase CT or MRI
in select high-risk patients &

If observation detected,
consider
multiphase imaging

If observation detected,
categorize using
diagnostic algorithm

Diagnostic imaging for HCC

[

If
CEUS

|

' CEUS Diagnostic
. LI-RADS® Algorithm

Footnotes

I

fCTor
MRI with ECA or
MRI with HBA

}

’ CT/MRI Diagnostic
% LI-RADS® Algorithm

---If locoregional treatment-----------=======ccmommmmmmmaeee

Treatment response assessment
with multiphase CT or MRI ¢

l

f? CT/MRI Treatment Response
= LI-RADS® Algorithm

a. US surveillance in high-
risk patients

Most national and international clinical practice guidelines recommend US for HCC
surveillance in high-risk patients.

b. Multiphase CT or MRI in
selecthigh-risk patients

Some high-risk patients mayundergo multiphase CT or MRI for HCC surveillance (depending
on regional guidelines, institutional preferences, and otherfactors) or for other reasons. LI-
RADS recommends neitherfornoragainstCT or MRI for HCC surveillance.

c. Non-multiphase CT or
MRI in high-risk patients

High-risk patients may have observations detected incidentally at non-multiphase imaging.

d. Treatmentresponse
assessmentwith CT/MRI

LI-RADS v2018 does pot address treatmentresponse assessmentusing CEUS or after
systemictherapyor surgery.

Figure 1. Role of US LI-RADS in the ACR LI-RADS algorithm. CEUS = contrast-enhanced US, ECA = ex-
tracellular contrast agents, HBA = hepatobiliary agents. (Adapted and reprinted, with permission, from

reference 13.)

shown in Figure 1, LI-RADS recommends

US performed every 6 months as the primary
modality for HCC screening and surveillance
in high-risk patients. The goal of screening and
surveillance US is lesion detection, not charac-
terization. The latter is reserved for diagnostic
multiphase imaging with the administration of
contrast material (ie, contrast-enhanced CT,
MRI, or US), which generally is performed

if HCC is suspected on the basis of positive
screening or surveillance test results and/or
incidental detection at imaging performed for
other reasons. Readers are encouraged to visit

the LI-RADS website (13) and to review recent
articles (14-16) to become familiar with the
other algorithms.

Rationale for Screening and

Surveillance US of the Liver
Screening is defined as the initial application of a
test to a population at risk, and surveillance refers
to the repeated application of the test at regular
intervals. One of the most critical measures of a
screening test is the ability to decrease disease-
specific mortality. To that end, two large-scale
randomized controlled trials (RCTs) have shown
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reduced HCC-specific mortality through the use
of screening and surveillance US.

The first study, published in 1997, evaluated
17920 patients with HBV or chronic hepatitis
infection and found 1- and 2-year survival rates
of 88.1% and 77.5%, respectively, after HCC
diagnosis in the surveillance group, compared
with 0% 1-year survival after HCC diagnosis in
the nonscreened control group (17).

A second more robust RCT evaluated 18816
patients with HBV infection or chronic hepati-
tis in urban Shanghai, randomized in the mid-
1990s for surveillance with liver US and a serum
a-fetoprotein (AFP) level test every 6 months
versus no surveillance (18). Despite poor com-
pliance, the surveillance group demonstrated a
significant mortality reduction of 37%.

Of note, both RCT's were performed in HBV
and chronic hepatitis patients who may or may not
have had cirrhosis. Therefore, the study results may
not generalize to patients with cirrhosis or with
chronic liver disease from other causes. Although
no large-scale RCT's have been performed specifi-
cally in patients with cirrhosis caused by other
conditions, several lower-evidence cohort studies
have corroborated a survival benefit from HCC
surveillance with US in such groups (19-23).

In most of the aforementioned studies, screen-
ing and surveillance have been performed by
means of liver US with or without AFP level
tests. Evidence regarding the benefit of testing
AFP levels for screening has been inconsistent,
as not all HCCs secrete AFP (particularly early-
stage HCCs), and AFP levels can be elevated in
the absence of HCC. An older literature review
found a pooled sensitivity of AFP levels for HCC
detection of only 41%—65% (24). A more recent
meta-analysis showed improved sensitivity for
early-stage HCC detection in patients undergoing
surveillance with both AFP level testing and US
versus with US alone (25).

Because of these mixed results, testing AFP
levels is not currently recommended as a screen-
ing tool by several practice guidelines, although
the most recent American Association for the
Study of Liver Diseases (AASLD) guidance
article (26) lists testing for AFP levels as an op-
tional supplement to US. Other key benchmarks
in screening and surveillance include technology
availability and patient acceptance, safety, and
compliance. US is an attractive imaging modality
owing to its safety profile, widespread accessibil-
ity, and relatively low cost.

The accuracy of US in HCC detection has
been reported mainly in cohort studies. In a
2009 meta-analysis (27), pooled sensitivity for
HCC detection at any stage was 94% but only
63% for early-stage HCC. Another meta-analysis
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(28) evaluating US sensitivity in the surveillance
setting found a pooled sensitivity of 78% and a
specificity of 89%.

An additional recent meta-analysis (25)
reported a pooled sensitivity of 84% for US
detection of HCC at any stage and a pooled
sensitivity of 84% with CT/MRI at any stage.
In this same study, early-stage sensitivity of CT/
MRI for HCC detection was not evaluated but
was found to be 47% with US, which improved
to 63% when combined with AFP level (25). Of
note, this meta-analysis included studies from
the 1990s, the results of which may no longer
be applicable owing to dramatic improvements
in US resolution and technology over the past
30 years.

The meta-analysis (25) also compared stud-
ies of US sensitivity for HCCs less than 1 cm
that were diagnosed on the basis of the results of
explant pathology examinations, although a find-
ing less than 1 cm cannot currently be definitively
characterized as an HCC with any imaging modal-
ity. However, the researchers did conclude that
“there are currently insufficient data to support
routine use of CT- or MRI-based surveillance in
all patients with cirrhosis” (25).

While it is recognized that select high-risk
patients may undergo multiphase CT or MRI for
HCC surveillance rather than US, this decision
is dependent on regional guidelines, institutional
preferences, and other factors, and LI-RADS
neither advocates nor discourages this practice.
At present, no study has shown that screening
and surveillance with CT or MRI is cost-effective
or has a greater impact on HCC-related mortality
compared with that of US screening and surveil-
lance. According to the latest AASLD guidelines,
“there are no studies that have indicated the best
surveillance strategy for those on the liver trans-
plant waiting list, though clearly surveillance for
HCC is indicated given the potential for curative
therapy with transplant” (8).

HCC screening guidelines by the AASLD
and its European counterpart, the European
Association for the Study of the Liver (EASL),
and the Asian Pacific Association for the Study
of the Liver (APASL) are grounded in this
literature (29,30). Guidelines from these societ-
ies recommend screening and surveillance for
HCC in select high-risk populations with US
alone (EASL), in concert with AFP (APASL),
or with AFP as an option (AASLD), using a
surveillance interval of 6 months. Given its
proven survival benefit in RCTs, as well as its
accessibility, safety, and cost-effectiveness, US is
the most appropriate screening and surveillance
imaging method in the majority of patients who
are at high risk for HCC.
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&  Adults with compensated cirrhosis of any cause
e Subsets of adult patients with chronic HBV infection, even in the absence of cirrhosis:
= Asian male patients with HBV infection over 40 years of age
=  Asian female patients with HBV infection over 50 years of age
= Patients with HBV infection and a family history of HCC
= African or North American black patients with HBV infection

Figure 2. Chart lists the target popula-

Note: Patients with decompensated Child-Pugh C cirrhosis are excluded owing to limited life
expectancy unless the patient is a liver transplant candidate without known HCC.

tion for the application of HCC screen-
ing and surveillance US according to the

erences 8 and 26.)

The benefit of surveillance is unknown in the following groups and may be included in surveil-
lance populations, depending on regional practice guidelines:

AASLD recommendations. NASH = non- = Some adult patients with chronic HBV infection even in the absence of cirrhosis
alcoholic steatohepatitis. (Sources.—Ref- = Some adult patients with chronic HCV infection even in the absence of cirrhosis

= Some adult patients with NASH even in the absence of cirrhosis

Target Population
Conceptually, the term zarget population refers to
the group of individuals in whom surveillance
is judged to be cost-effective. In general, these
are patients with a substantially elevated risk of
developing the disease in question (ie, HCC)
and in whom the detection of early asymptom-
atic disease can prolong or improve the quality
of life by enabling timely application of effective
treatments. A necessary requirement is that the
patient’s overall health is sufficiently good so that
he or she can tolerate and benefit meaningfully
from those treatments.

LI-RADS defers to regional practice guide-
lines for the operational definition of the target
population for HCC surveillance. Here we review
the recommendations of the AASLD, but read-
ers are encouraged to be familiar with the clinical
practice guidelines applicable in their geographic
region. The target population for which the
AASLD recommends regular HCC surveillance
comprises adult patients without current or
treated HCC with risk factors including compen-
sated cirrhosis of any cause and subsets of adult
patients with chronic HBV infection, even in the
absence of cirrhosis (8). Figure 2 lists the target
population for application of HCC screening and
surveillance US (8, 26).

In patients with cirrhosis with sustained
virologic response after undergoing direct-acting
antiviral treatment of hepatitis C virus (HCV)
infection, the risk for developing HCC is reduced
but not eliminated, and these patients should
continue to undergo surveillance. In general, the
AASLD does not recommend surveillance in pa-
tients with Child-Pugh C cirrhosis because their
limited life expectancy lowers the anticipated
survival benefit. One exception is liver transplant
candidates without known HCC. These candi-
dates should undergo surveillance as the presence
and stage of HCC may affect transplantation
eligibility and priority. Liver transplant centers
should adhere to Organ Procurement and Trans-
plantation Network policy for surveillance in
such patients (31,32).

Figure 3. Isoechoic observation in a 47-year-old
man with HCV infection and cirrhosis. Sagittal US
image shows a 3.2-cm isoechoic observation (ar-
rows) adjacent to the gallbladder, a US-3 positive
finding, which corresponds to a regenerative nod-
ule depicted on a subsequent multiphase contrast-
enhanced MR image (not shown).

Although HCC can develop in children with
cirrhosis, in adults with HCV infection without
cirrhosis, in those patients with nonalcoholic fatty
liver disease without cirrhosis, and in patients
with chronic HBV infection who do not meet
above criteria, the risk is considered to be too
small to recommend routine surveillance. It is
not known at this time whether screening and
surveillance is cost-effective in these patients.

Observations at Surveillance US
An observation at imaging includes any focal area
distinct from background hepatic parenchyma.
The term observation is preferred over lesion, as
it does not imply level of suspicion (33,34). For
example, an observation may include benign
entities such as punctate calcifications, simple
cysts, or previously characterized hemangio-
mas, although it can also include findings that
warrant short-interval follow-up or multiphase
contrast-enhanced imaging. An observation
includes well-defined solid nodules that can be
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Figure 4. Parenchymal distortion in a 64-year-
old man with HCV infection and cirrhosis. Sagittal
gray-scale US image of the right lobe of the liver
shows a large area of parenchymal distortion,
with areas of decreased echogenicity (arrows)
and loss of normal hepatic vessels. This observa-
tion was categorized as US-3 positive and was
subsequently evaluated at multiphase contrast-
enhanced MRI (not shown), which showed an in-
filtrative HCC corresponding to this observation.

of any echogenicity: hyperechoic, isoechoic, or
hypoechoic relative to that of the background
liver (Fig 3). An observation may also include a
focal or geographic area with any of the following
characteristics: ill-defined borders, refractive edge
shadowing, or loss of normal hepatic architecture
distinct from that of the background liver (Fig 4).

US LI-RADS Algorithm:

US LI-RADS Categories
Unlike contrast-enhanced US LI-RADS or CT/
MRI LI-RADS in which a category is applied to
an individual observation, the US LI-RADS cat-
egory applies to the entire US examination and is
based on the most suspicious observations. There
are three US categories: US-1 negative, US-2
subthreshold, and US-3 positive, and the result
determines the follow-up recommendation (12).

Category US-1 Negative

US-1 negative refers to an imaging study in
which there is no evidence of HCC. This may
include a liver with no focal observation or a
liver in which only definitely benign observa-
tions are detected. Examples of definitely benign
observations include focal fat sparing (Fig 5),
simple cysts, punctate calcifications, or previously
characterized hemangiomas (focal observations
proven to be hemangiomas on the basis of prior
contrast-enhanced imaging) (Fig 6).

Category US-2 Subthreshold
US-2 subthreshold refers to an imaging study in
which an observation(s) measuring less than 10

Figure 5.
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Definitely benign observation in a 42-year-
old woman with HCV infection and cirrhosis and ste-

atosis. Transverse US image shows flame-shaped re-
gions of decreased echogenicity (arrows) adjacent to
the gallbladder, corresponding to focal fat sparing, a
definitely benign finding. As this was the only observa-
tion, this was assigned a US-1 negative category, and
routine 6-month surveillance US was recommended.

mm is detected that is not definitely benign at
imaging. Small observations measuring less than
10 mm at US are common, rarely malignant, and
difficult to characterize definitively at contrast-
enhanced imaging (Fig 7). Therefore, performing
follow-up US in 3-6 months rather than diag-
nostic multiphase contrast-enhanced imaging is
recommended for observations that are less than
10 mm.

However, it is important to monitor sub-
threshold observations with US for up to 2 years.
Those that remain stable in size and smaller than
10 mm over a 2-year period can be considered
benign, and the study can then be categorized as
US-1 negative (Fig 8). However, some observa-
tions that are initially less than 10 mm may grow
to exceed the threshold diameter. The examina-
tion would then be categorized as US-3 positive
and warrant further evaluation with multiphase
contrast-enhanced imaging for definitive charac-
terization (Fig 9).

Category US-3 Positive

US-3 positive describes an examination in
which one or more observations warranting
further characterization are depicted. These
observations include focal solid observation(s)
greater than or equal to 10 mm in diameter (not
previously characterized as definitely benign)
(Fig 10) and geographic areas greater than or
equal to 10 mm with parenchymal distortion
(eg, ill-defined area of heterogeneity, refractive
edge shadowing [Fig 11], loss of normal he-
patic architecture, and distortion of the vessels,
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Figure 6. Definitely benign observation in a 57-year-old woman with chronic HBV infection. (a) Trans-
verse US image shows a solid echogenic 3.2-cm observation (arrows), characterized as a hemangioma at
prior MRI. (b-d) Axial T1-weighted arterial phase (b) and delayed phase (c) and axial T2-weighted (d)
MR images show discontinuous peripheral nodular enhancement (arrow in b), near-complete enhance-
ment of the observation (arrows in c), and marked T2 hyperintensity (arrows in d), findings that are in
keeping with the characterization of hemangioma at MRI. As this was the only observation, the study was
assigned a US-1 negative category, and routine 6-month surveillance US was recommended.

the combination of which suggests a diffuse

or infiltrative subtype of HCC) (Fig 12). Last,
US-3 positive also includes a new thrombus

in the portal or hepatic veins (not previously
confirmed to be benign), whether it appears to
be bland thrombus or a tumor in vein, as these
entities may coexist and can be indistinguishable
at nonenhanced US (Fig 13).

Uncertainty in Assigning a US Category:
Tie-breaking Rule

If there is uncertainty in deciding between two
categories for a given examination, the category
reflecting the greater level of suspicion should be
assigned to maximize the sensitivity of the primary
screening. Therefore, if deciding between US-1
negative or US-2 subthreshold, assign US-2 sub-
threshold. If deciding between US-2 subthreshold
or US-3 positive, assign US-3 positive.

US LI-RADS Category and Management
The US LI-RADS category determines the man-
agement recommendation. For a US-1 negative
assignment, the patient should undergo routine
surveillance consisting of a liver US examination
in 6 months. For a US-2 subthreshold assign-

ment, a short-interval 3—6-month repeat US
examination is recommended. Given the impor-
tance of early detection of small HCCs, US LI-
RADS includes this category and management
recommendation to monitor for interval growth
of small observations, as nodules reaching 10 mm
require further characterization. The follow-up
time range allows for flexibility on the basis of
physician, institutional, and patient preference,
the level of suspicion of the observation, and
whether the observation is new.

As observations less than 10 mm cannot meet
the criteria for CT/MRI LI-RADS 5 (definitely
HCC), repeat US surveillance of small observa-
tions is recommended to decrease false-positive
rates and costs.

Finally, for a US-3 positive assignment, further
characterization with multiphase contrast-en-
hanced CT, MRI, or US is recommended. Figure
14 summarizes the US categories and their rec-
ommended management (12).

Visualization Score
The sensitivity of a screening or surveillance
US examination is dependent on the degree of
liver visualization and is affected by factors both
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Figure 7. US-2 subthreshold observation in a 60-year-old man
with NASH cirrhosis. (a) Transverse gray-scale US image shows a
7-mm hypoechoic observation (arrows). (b—d) Subsequent T1-
weighted fat-suppressed nonenhanced (b), arterial phase (c), and
delayed phase (d) extracellular contrast-enhanced MR images
show no corresponding findings. To decrease the false-positive
rate at US screening, surveillance with 3-6-month follow-up US
rather than multiphase contrast-enhanced CT, MRI, or US is rec-
ommended for observations measuring less than 1 cm.

Figure 8. US-2 subthreshold observation in a 45-year-old
man with chronic HBV infection. Transverse US image shows
a 5-mm hypoechoic observation (arrow), indicating a US-2
subthreshold assignment and 3-6-month follow-up US surveil-
lance. After 2 years of stability, this observation was considered
definitely benign, and the study was recategorized as US-1
negative. Routine 6-month surveillance US was recommended.

extrinsic and intrinsic to the liver itself. Extrin-
sic factors that may impair liver visualization
include interposed bowel, ribs, lung, or ascites,
as well as patient factors such as obesity or in-
ability to comply with breathing instructions.
Intrinsic factors include severe steatosis, which
can attenuate the ultrasound beam and cause
inadequate penetration of the deepest portions
of the liver, and severe parenchymal heterogene-
ity from advanced cirrhosis, which can obscure
an underlying mass.

Global liver atrophy represents an additional
intrinsic factor that can limit visualization of the
liver by way of a subcostal approach. Of note,
these intrinsic factors may also reduce the accu-
racy of CT and MRI.

In an effort to communicate the expected level
of the sensitivity of the test, US LI-RADS ad-
opted the visualization score. Analogous to breast
density categories assigned at mammography,
the visualization score in US LI-RADS conveys
the expected level of sensitivity of the examina-
tion but does not formally alter the management
recommendation. Three visualization scores are
possible at US and are defined as A (no or mini-
mal limitations), B (moderate limitations), and C
(severe limitations) (Fig 15) (12).

Visualization Score A: No or

Minimal Limitations

In visualization score A, the liver is visualized in
its near entirety. If limitations are present, they
are unlikely to meaningfully affect sensitivity for
detection of focal liver observations. Examples of
visualization score A include a diffusely homoge-
neous or minimally heterogeneous liver or a liver
in which minimal beam attenuation or shadowing
is depicted (Fig 16).

Visualization Score B:

Moderate Limitations

In visualization score B, limitations are present
that may obscure small masses. Examples of visu-
alization score B include moderate parenchymal
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a.

b.

Figure 9. US-2 subthreshold observation in a 64-year-old man with HCV infection and cirrhosis. (a) Transverse
gray-scale US image shows an 8-mm echogenic observation (arrow), indicating a US-2 subthreshold category.
(b) Transverse gray-scale US image obtained 6 months later shows increased size of the observation (arrow) to
11 mm, which now meets the criteria for a US-3 positive category. Definitive characterization with multiphase
contrast-enhanced MRI was performed (not shown), and the findings indicated a CT/MRI LI-RADS category 5

(definitely HCC) observation.

b.

Figure 10. US-3 positive observation in a 58-year-old man
with HCV infection. (a) Longitudinal gray-scale US image
shows a 1.4-cm hypoechoic observation (arrow) in the right
hepatic lobe, indicating a US-3 positive category, for which
multiphase contrast-enhanced diagnostic imaging was rec-
ommended. (b, ¢) Axial T1-weighted fat-suppressed MR
images obtained in the arterial (b) and portal venous (c)
phases show arterial phase hyperenhancement of the ob-
servation (arrow in b) and a washout appearance (arrow
in ©), findings that are in keeping with a CT/MRI LI-RADS
category 5 observation (definitely HCC). (Case courtesy of
the ACR.)

heterogeneity (Fig 17), the presence of innumer-
able subcentimeter background nodules that may
obscure or mimic tumors, and moderate beam
attenuation from steatosis, bowel gas, or ribs that
may obscure small portions (<50%) of the liver
or diaphragm (Fig 18).

Visualization Score C: Severe Limitations
In visualization score C, the limitations are likely
to significantly lower the sensitivity for focal liver

observations. Examples include severe parenchymal
heterogeneity and distortion (Fig 19), marked beam
attenuation (Fig 20) obscuring more than 50% of
the liver, or marked extrinsic shadowing from the
ribs or bowel obscuring more than 50% of the liver.
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a.

Figure 11. US-3 positive observation in a 63-year-old man with HCV infection and cirrhosis. (a) Transverse gray-
scale US image of the left lobe shows mild heterogeneity and coarse echotexture of the liver without a suspicious
observation. (b) Longitudinal gray-scale US image of the right lobe shows asymmetric refractive shadowing () and
a large area of parenchymal distortion, heterogeneity, and absent vessels, which are suspicious findings that war-
rant further evaluation. This demonstrates the clinical utility of comparing the right and left lobes of the liver. Subse-
quent multiphase contrast-enhanced CT images (not shown) showed infiltrative HCC in the right lobe of the liver.

Figure 12. US-3 positive observations in a 54-year-
old man with HCV infection and cirrhosis. (a) Lon-
gitudinal gray-scale US image shows a thrombus in
the right portal vein (arrowheads), a large area of
parenchymal distortion (arrows), and capsular bulg-
ing, findings indicative of a US-3 positive category.
(b) Transverse gray-scale US image shows echoes in
the main portal vein (arrows). Diagnostic imaging
was recommended. (c) Axial contrast-enhanced CT
image obtained in the arterial phase shows enhanc-
ing soft tissue in the main portal vein (arrow), a find-
ing associated with tumor in vein. Adjacent enhanc-
ing infiltrative HCC (arrowheads) corresponds to the
area of parenchymal distortion and capsular bulging
seen at US and CT/MRI LI-RADS category 5 with tu-
mor in vein.
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Figure 13. US-3 positive observation in a 55-year-old woman with cirrhosis. Transverse gray-scale (a) and color Dop-
pler (b) US images of the left portal vein show mural echoes (arrows in a) owing to a thrombus that meets the criteria for
US-3 positive. The color Doppler US image (b) shows flow in the vein, a finding consistent with nonocclusive thrombus.
A diagnostic test was recommended, and follow-up multiphase contrast-enhanced CT images (not shown) showed
bland thrombus.

LI-RADS® v2017 Algorithm

Step 1. Assign US LI-RADS® Category

Screening or surveillance US in patient at high risk for HCC 2

US category

us-2 Subthreshold

- Positive

Category Concept Definition
US-1 ) No observation OR
. No US evid f HCC
Negative ° evidence Only definitely benign observation(s)
us-2 Observation(s) detected that may Observation(s) < 10 mm in diameter, not

Subthreshold  warrant short-term US surveillance definitely benign

US-3 Observation(s) detected that may Observation(s) = 10 mm in diameter, not
Positi warrant multiphase contrast- definitely benign OR
ositive S s
enhanced imaging New thrombus in vein
Footnotes

= In general, this includes patients with cirrhosis of any cause or with chronic hepatitis
a. Patient at high risk for HCC B even in absence of cirrhosis.
» See pages 21-22 for details

= Distinctive area compared to background liver

b Observation » See page 12 for details

« Examples: Simple cyst, focal fat sparing around gallbladder, previously confirmed

c. Definitely benign observation .
hemangioma

Figure 14. Chart depicts step 1 of the US LI-RADS and describes the categories that are applied to an
entire US examination. The category helps guide patient management. Step 2 (not shown) is to apply
the tie-breaking rule if necessary. (Reprinted, with permission, from reference 12.)

Management and Visualization Scores routine CT or MRI for surveillance purely on
Although the visualization scores communicate the basis of a visualization score of B or C.

the expected level of sensitivity of the US exami- Rather, management should be determined on
nation, the formal management recommenda- the basis of the US category (US-1 to US-3),
tion is not influenced by the visualization score. noting that management decisions, if altered,

Therefore, it would be incorrect to recommend should be individualized with input from a
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Algorithm

Step 3. Assign US LI-RADS® Visualization Score

Screening or surveillance US in patient at high risk for HCC @

US visualization score

A No or minimal limitations
B Moderate limitations
Severe limitations
Score Concept Examples
A. No or Limitations if any are
minimal unlikely to meaningfully
limitations affect sensitivity

B. Moderate  Limitations may obscure

Liver homogeneous or minimally heterogeneous
Minimal beam attenuation or shadowing
Liver visualized in near entirety

Liver moderately heterogeneous
Moderate beam attenuation or shadowing

Some portions of liver or diaphragm not visualized

Liver severely heterogeneous
Severe beam attenuation or shadowing
Majority (>50%) of liver not visualized

Majority (>50%) of diaphragm not visualized

limitations small masses

& e leltahons_s_lg_mflcantly

limitations lower sensitivity for focal
liver lesions

Footnotes

+ In general, this includes patients with cirrhosis of any cause or with chronic hepatitis

a. Patient at high risk for HCC B even in absence of cirrhosis.

+ See pages 21-22 for details

Figure 15. Chart depicts step 3 of the US LI-RADS and describes each visualization score, which helps
communicate the sensitivity of a screening or surveillance US examination and the degree of liver visualiza-

tion. (Reprinted, with permission, from reference 12.)

Figure 16. Visualization score A in a 57-year-old woman with
HCV infection and cirrhosis. Transverse gray-scale US image
shows minimal liver heterogeneity and satisfactory visualization
of the liver capsule and diaphragm.

multidisciplinary team, which can balance the
merits of alternative screening methods with the
degree of clinical risk.

Visualization scores affected by extrinsic
factors (ie, bowel gas) or patient factors (in-
ability to cooperate) may change at follow-up
examinations, whereas those affected by intrinsic
factors may not. Continual optimization of US
is paramount, as the simple act of changing a
patient’s position or the US transducer frequency
can significantly improve liver visualization. As

performance and outcomes data are collected,
recommendations on the basis of the visualization
score may be introduced in the future, depending
on the quality and strength of the evidence.

Technical Recommendations

The ACR-American Institute of Ultrasound
in Medicine (AIUM)-Society of Pediatric
Radiology (SPR)-Society of Radiologists in
Ultrasound (SRU) collaborative committee
has set recommendations for optimal technical
parameters (35).To facilitate reproducibility
and comparison with prior or subsequent stud-
ies, as well as between various imaging sites,
screening and surveillance US of the abdomen
should be performed in accordance with these
set standards. The expert consensus panel of
the ACR US LI-RADS working group provides
additional liver US-specific recommendations.
Whenever possible, comparison should be made
with prior examinations, including US, CT, or
MRI, which can also help to confirm a previ-
ously characterized benign observation.

Recommended patient and equipment-specific
parameters for surveillance US of the liver by the
US LI-RADS working group panel can be ac-
cessed on the ACR US LI-RADS website (12) and
are as follows (33,34):
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Figure 18. Visualization score B in a 68-year-old
woman with NASH cirrhosis. Gray-scale transverse US
image of the liver shows a diffuse increase in the echo-
genicity of the liver, resulting in sound attenuation and
partial obscuration of the right lobe of the liver, poten-
tially decreasing the ability to detect small focal obser-
vations. However, the diaphragm (arrows) is still seen.
(Case courtesy of the ACR.)

Figure 17. Visualization score B in a 52-year-old man
with chronic HBV infection. Transverse gray-scale US
images of the liver obtained using low-frequency (a)
and high-frequency (b) transducers shows moderately
heterogeneous liver parenchyma, which may limit the
sensitivity for detecting small focal liver observations.

1. The patient should fast for at least 4-6 hours
before the examination to avoid obscuration of the
liver by overlying bowel gas.

2. Various patient positions and acoustic win-
dows should be used to optimize visualization
of the liver. These techniques include (@) supine
and left lateral decubitus or left posterior oblique
patient position (Fig 21); (b) deep suspended
inspiration for better visualization of the hepatic
dome and posterior superior hepatic segments;

(¢) subcostal and intercostal acoustic windows;
and (d) adequate transducer pressure against the
abdominal wall.

3. US examination of the liver is typically per-
formed by using a curvilinear transducer (mean
frequency, 1-9 MHz). A linear transducer (mean
frequency, 5-12 MHz) may be used to assess sur-
face nodularity and peripheral subcapsular paren-
chyma. The image settings should be optimized on
the basis of intrinsic patient factors (including pulse
frequencies, gain, field of view/depth, and harmon-

Figure 19. Visualization score C in a 70-year-old pa-
tient with cirrhosis. Longitudinal gray-scale US image
shows marked liver heterogeneity, capsular retraction,
wedge-shaped hypoechoic areas, and intrinsic liver het-
erogeneity that may significantly lower sensitivity for fo-
cal observations. Note that the ascites may indicate de-
compensated (Child-Pugh class C) cirrhosis. Therefore,
this patient may no longer be considered a screening
and surveillance candidate. (Case courtesy of the ACR.)

ics) for adequate acoustic penetration and visualiza-
tion of the entire liver parenchyma (Fig 22).

4. Color, power, and spectral Doppler US
may be useful for evaluating vascular patency,
flow direction, and velocity and may aid in dif-
ferentiating vascular from nonvascular struc-
tures and/or observations.

5. Cine loops along with static images can be
useful for documenting an observation and cap-
turing its position within a particular liver segment
and its relationship to critical structures, and for
retrospective review at follow-up.
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Figure 20. Visualization score C in a
44-year-old woman with NASH cirrhosis. Sag-
ittal gray-scale US image shows poor penetra-
tion and nonvisualization of the diaphragm
owing to severe steatosis, which may signifi-
cantly lower the sensitivity for detecting focal
observations.

a.

Figure 21. Effect of varying patient positions on liver visualization in a 61-year-old man with chronic HCV
infection. Transverse gray-scale US images of the right lobe obtained with the patient in the supine (a) and left
posterior oblique (b) positions show severe limitations in liver visualization in the supine position owing to rib
shadow (arrow in a), with significant improvement in visualization of the liver parenchyma and diaphragm in b,
such that the visualization score improved from C to B.

a. b.

Figure 22. Effect of decreasing transducer frequency on liver visualization in a 45-year-old woman with severe
steatosis. Transverse US images obtained with curved transducers with frequency ranges of 2-9 Mhz (a) and
1-5 Mhz (b) show the affect of lowering the transducer frequency in patients with steatosis, which improves
both penetration of the liver and visualization of the diaphragm (arrow in b), likewise improving the visualization
score from C to B.
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a4 LLRADS® v2017 Technique
US LI-RADS® Recommended US Views

Longitudinal images

Left lobe:
« left of midline
+ at midline; include proximal abdominal aorta, celiac artery, and SMA
= with IVC,; include caudate lobe, MPV, and pancreatic head
= with left portal vein
Recommended Right lobe:
views = with gallbladder
= with right kidney
» including right hemidiaphragm and adjacent pleural space
« far lateral
Main portal vein; include grayscale and color Doppler
Common bile duct at porta hepatis; include diameter measurement

Color Doppler of the right and left portal veins, and hepatic veins
Optional views Spectral Doppler of main portal vein to assess waveform, velocity, and flow
direction

Transverse images

Dome with hepatic veins; include entire right and left lobe with medial and lateral
liver edges (on separate images as needed)
Left lobe:
» with left portal vein
« falciform ligament to evaluate for the presence of patent paraumbilical vein
Recommended Main portal vein bifurcation
views Right lobe:
= with right portal vein
+ with main portal vein
» with gallbladder
= with right kidney
* near liver tip

Optional views Color Doppler view of additional vascular structures
Cine loops

Recommended
views

. . Longitudinal and transverse cine sweeps of left and right lobes, including as

Optional views . .
much hepatic parenchyma as possible

Recommended views can be obtained in any order per institutional protocol. Additional views of

focal observations should be obtained as needed. Additional anatomical and Doppler measurements

may be included per institutional preferences and needs.

Figure 23. Form shows the US LI-RADS technical recommendations for US. /VC = inferior vena cava,
MPV = main portal vein, SMA = superior mesenteric artery. (Reprinted, with permission, from reference 12.)

Table 2: Improving Liver Visualization at US

Problem Solutions

Poor penetration (eg, Decrease transducer frequency
owing to steatosis) Select scanner penetration mode
Deactivate harmonics
Minimize distance between the transducer and the target
Liver obscuration by Alternate the patient’s position (eg, left posterior oblique or
the ribs or gas left lateral decubitus)
Perform subcostal and/or intercostal scanning
Vary transducer pressure to minimize distance between the
US probe and the rib space or to displace gas
Obtain images during various levels of suspended respiration
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Figure 24. Portal hypertension in a 53-year-old man with HCV infection and cirrhosis, which was
diagnosed through the evaluation of the falciform ligament. (a) Transverse gray-scale US image of the
fissure for the falciform ligament shows a smooth liver contour and absence of a dilated paraumbilical
vein. (b, c) Follow-up gray-scale (b) and spectral Doppler (c) US images obtained 2 years later show
an anechoic structure in the falciform ligament (arrow in b) with portal venous flow (c), a finding
characteristic of a patent paraumbilical vein and indicative of portal hypertension. The patient had no

other signs of portal hypertension.

— ——
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A standard US protocol should be followed at
every institution, using the US LI-RADS recom-
mended and optional US views as detailed in Fig
23.Tips to improve liver visualization are sum-
marized in Table 2. Liver parenchyma should be
evaluated in longitudinal and transverse views
to include the entire liver. Any focal or diffuse
observation should be further interrogated using
cine loop and Doppler US for better delinea-
tion, characterization, and documentation. Any
focal observation should be measured in three
dimensions, documenting location within the
hepatic Couinaud segment if possible and its

relationship to major adjacent vessels (portal or
hepatic veins). Doppler and spectral US should
be used in patients with suspected venous
thrombus to identify internal arterialization,
which would suggest tumor in vein. Evaluation
for relevant clinical markers of portal hyperten-
sion including splenomegaly, patent paraumbili-
cal vein (Fig 24), and ascites can be performed
with a liver US protocol, which may be useful in
corroborating suspected cirrhosis.

Implementing US LI-RADS
in Clinical Practice

Any change in practice may impact clinical culture
and workflow, and potential barriers to change
exist in both areas. In 2017, US LI-RADS was
incorporated into everyday clinical practice at
seven academic radiology departments across the
United States, and over 7000 HCC screening and
surveillance US examinations were reported using
the US LI-RADS system by January 2018 (36).
We found that in departments where LI-RADS for
CT/MRI was already in use, radiologists, hepatol-
ogists, and transplant surgeons had an awareness
of the goals and benefits of standardized report-
ing for this frequently imaged patient population
(36).This conceptual understanding and shared
vocabulary helped to smooth the implementation,
which built on an existing collaborative culture.

At sites where there was a less developed
common culture around practice improvement
for reporting in HCC, the methods and pacing
of US LI-RADS adoption differed. However, all
had in common the need to articulate the mission
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EXAM: Abdominal US [Date of study]

COMPARISON: [Date of prior examination]

HISTORY: [Clinical information]

FINDINGS:

visualization)|

Liver: Visualization score: [ LI-RADS Visualization scores: A (no or minimal limitations in liver
visualization); B (moderate limitations in liver visualization); or C (severe limitations in liver

Morphology/parenchyma/contour: [Echotexture, echogenicity, smooth, nodular]
Liver observation(s): [ Any focal observations, including location, size, and echogenicity]

Main portal vein: [Patent/thrombus identified/thrombus identified with findings suspicious for tu-
moral invasion.] Flow direction: [Waveform, diameter, velocity, etc]

Bile ducts: [Describe biliary tree.] Common duct diameter is [CHD size] at the porta hepatis.

Gallbladder: [Gallbladder findings]

Spleen: [Size of the spleen]

Ascites: [No ascites/small volume of ascites/moderate volume of ascites/large volume of ascites]

Other findings: [Varices, lymph nodes, etc|

IMPRESSION:

1. [Overall summary of liver and portal hypertension findings]

2. [Description of liver observations] US LI-RADS screening/surveillance Category: [US LI-
RADS score: US-1 negative = routine 6-month surveillance US examination recommended;
US-2 subthreshold = short-interval 3—6-month surveillance US examination recommended;
US-3 positive = observation may warrant multiphasic contrast-enhanced imaging]

3. Visualization score: [LI-RADS visualization score A, B, or C]

US LI-RADS REFERENCE:

US Category:

US-1 negative: No evidence of HCC

US-2 subthreshold: Observation(s) detected that may warrant short-interval US surveillance;
observation < 10 mm in diameter, not definitely benign

US-3 positive: Observation(s) detected that may warrant multiphase contrast-enhanced imag-
ing; observation = 10 mm in diameter or new thrombus in vein

Visualization Score:

A: No or minimal limitations: limitations, if any, are unlikely to meaningfully affect sensitivity
B: Moderate limitations: limitations may obscure small masses
C: Severe limitations: limitations significantly lower sensitivity for focal liver lesions

Figure 25. Dictation template of a US LI-RADS report shows key features of a visualiza-
tion score and US category. CHD = common hepatic duct.

of the project and build alignment among the
many stakeholders. Clear and repeated message
delivery about the goals and potential benefits of
standardized reporting—predictable formatting
(37), consistent recommendations (38), coher-
ence with society guidelines (39), and the ability
to track patient outcomes (40)—was essential

in this regard. In addition, implementation is
more likely to be effective if the message can be
delivered by a radiologist with a strong existing
relationship with the clinical team.

Some radiologists in participating departments
objected to standardized reporting or the new
obligation being added to their already busy clini-
cal practice. Emphasis on mission and purpose,
coupled with logistics that make it easy to comply
(or harder not to comply), helped ease tensions
and improve adoption. For any department
moving through this transition, a locally specific
dictation template containing the key features
of a US LI-RADS visualization score and US
category should be created (Fig 25).This can be
a stand-alone template for a limited US abdomen
examination used for HCC screening in many

sites, or it may include dictation components for
complete US abdomen, liver Doppler US, and
transjugular intrahepatic portosystemic shunt
(TIPS) assessments and/or elastography mea-
surements, depending on local practice.

The template shown in Figure 25 should be
straightforward and easy to use, with built-in pick
lists where possible. At some sites, the template
can be set up to automatically load when a relevant
examination is opened. At sites where residents and
fellows dictate the majority of cases, these radiology
trainees should be educated about this new prac-
tice standard and encouraged to give feedback.

The ACR Breast Imaging Reporting and Data
System (BI-RADS) is well known as the original
and most mature standardized reporting and data
system in radiology. Within a decade of its initial
1993 release, the need for US and MRI versions
of BI-RADS was obvious, and separate working
groups were convened, analogous to the multiple
working groups now linked to LI-RADS. During
its 25-year history, the BI-RADS lexicon and cat-
egories have undergone continuous refinement in
response to feedback from radiologists, patients,
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and outcomes research (38), and LI-RADS is
intended to be similarly dynamic.

BI-RADS was developed in the context of the
U.S. Food and Drug Administration’s movement
toward mammography accreditation in the late
1980s, and the original version was endorsed by
the American College of Surgeons and the Amer-
ican College of Obstetrics and Gynecology (41).
BI-RADS implementation was thus facilitated
by multidisciplinary consensus, and by 1999
the use of BI-RADS assessments was required
by the federal Mammography Quality Stan-
dards Act final rules (38). This history provides
some contrast to the rapid and largely voluntary
implementation of LI-RADS and other emerg-
ing reporting and data systems, and it highlights
both the growing acceptance and appreciation of
such systems among radiologists and the ongoing
need for alignment and harmonization with other
professional societies.

Conclusion
The US LI-RADS encompasses performance,
interpretation, reporting, and follow-up recom-
mendations for screening and surveillance US
in patients at risk for developing HCC. The US
category summarizes the main study results and
determines follow-up management. The visualiza-
tion score conveys the expected level of sensitivity
of the test but does not yet affect management.
The technical recommendations include specific
views that can aid in assessment of the liver and
provide tips to improve liver visualization. User
experience, feedback, and research will lead to
further refinements of future versions of the US
LI-RADS.
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