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In 2017, the American College of Radiology introduced the US Liver Imaging Reporting and Data System (LI-RADS) as a framework for US
surveillance of patients at risk for developing hepatocellular carcinoma. This has aided in the standardization of technique, clinical reporting,

patient management, data collection, and research. Emerging evidence has helped inform changes to the algorithm, now released as LI-RADS US
Surveillance version 2024. The updated algorithm, the rationale for changes, and its alignment with the 2023 American Association for the Study of

Liver Diseases Practice Guidance are presented.
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iver cancer is the sixth most common cancer worldwide
land the third leading cause of cancer-related mortality,
with hepatocellular carcinoma (HCC) representing the most
common primary liver malignancy (1,2). Historically, HCC
survival is poor, with a 5-year survival rate in the United
States of less than 6% before 1996 (3), but has risen due
in part to earlier detection and advances in treatments (2).
Therefore, surveillance is recommended in at-risk popula-
tions with the goal of early detection and application of cu-
rative treatment (4), which may include surgical resection,
liver transplant, or liver-directed therapies such as ablation
and radioembolization (5-10).

In patients at risk for developing HCC, consistent surveil-
lance with US and serum biomarkers such as o-fetoprotein
(AFP) level HCC-related mortality (5,11).
Semiannual (6-month) HCC surveillance is recommended

decreases

because this time interval approximates tumor doubling time
(12). Accordingly, the 6-month surveillance interval results in
lower tumor stage at diagnosis and improved survival com-
pared to that with annual screening (13), while intervals less
than 6 months do not improve outcomes (14,15).

US is sensitive in the detection of HCC, with an overall
sensitivity of 84% (95% CI: 76, 92) for any stage HCC in a
large meta-analysis (16). In that same study, the US sensitivity
for early-stage HCC was only 47% but improved to 63% with
the addition of AFP measurement; this was comparable to a
CT sensitivity of 62% (MRI was not reported) (16). In addi-
tion, it is expected that overall US sensitivity would further

improve if the subset of patients with poor visualization at
repeated US examinations were shifted to alternative surveil-
lance strategies.

Not only is US widely available, but it is well tolerated,
noninvasive, and accepted by patients and physicians. Surveil-
lance with US is associated with earlier stage tumor detection
and reduced mortality compared with no imaging surveil-
lance. Therefore, all major international societies, including
the American Association for the Study of Liver Disecases
(AASLD), recommend US as the first-line imaging modality
for HCC surveillance (13,17-20).

In 2017, the American College of Radiology introduced
a standardized system for the terminology, technique, inter-
pretation, and reporting of HCC surveillance with US in
at-risk patients, called the US Liver Imaging Reporting and
Data System (LI-RADS) (4,21-23). Since its release, numer-
ous studies have evaluated various aspects of US LI-RADS,
including recall rates; sensitivity, specificity, and positive
predictive value; interreader agreement; factors affecting
US LI-RADS visualization scores; and outcomes of differ-
ent US LI-RADS categories. The accrued data and published
research informed changes in the management recommenda-
tions of the algorithm. This revised algorithm for HCC sur-
veillance with US, largely congruent with the latest AASLD
practice guidance, has been released by the Surveillance
Working Group of LI-RADS as LI-RADS US Surveillance
version 2024 (Fig 1), with the prior version now referred to as
US LI-RADS version 2017.
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Abbreviations

AASLD = American Association for the Study of Liver Diseases, AFP =
a-fetoprotein, CEUS = contrast-enhanced US, HCC = hepatocellular
carcinoma, LI-RADS = Liver Imaging Reporting and Data System

Summary

The Liver Imaging Reporting and Data System US Surveillance version
2024 update reflects new data accrued since 2017 and is aligned with
the 2023 American Association for the Study of Liver Diseases practice
guidance on hepatocellular carcinoma.

Essentials

m The Liver Imaging Reporting and Data System (LI-RADS)
US Surveillance version 2024 update for patients at risk for
hepatocellular carcinoma (HCC) aligns with the 2023 American
Association for the Study of Liver Diseases practice guidance

on HCC.

m The update recommends repeat US within 3 months and a pathway
to alternative surveillance modalities in patients with visualization
score VIS-C (severe limitations).

m The update recommends a shortened duration of follow-up for
US examination category US-2 (subthreshold), defined as an
examination containing at least one observation smaller than 10 mm
in diameter of any echogenicity that is not definitely benign.

m The update includes management recommendations for
patients with an elevated a-fetoprotein level with and without a
sonographic correlate.

m The update recommends performing surveillance US examinations
preferably in the outpatient setting.

Screening and Surveillance Population

The current recommended HCC surveillance population
includes individuals with cirrhosis of any cause and select
patients with noncirrhotic chronic hepatitis B infection. In
both subsets of patients, there should be no prior or sus-
pected HCC diagnosis. The 2023 AASLD practice guidance
recently updated the at-risk subset of patients with non-
cirrhotic hepatitis B infection to include males older than
40 years or females older than 50 years from an endemic
country; individuals from Africa aged 20 years and older;
individuals with a family history of HCC; and individuals
from Western populations receiving antiviral therapy with
a PAGE-B score of at least 10 (13) (Table 1). The PAGE-B
score ranges from 0 to 25 and is based on patient age, sex,
and platelet counts and helps stratify 5-year HCC risk in
Western patients with chronic hepatitis B receiving entecavir
or tenofovir (24) (Table 2). Decisions regarding surveillance
of patients with hepatitis B infection outside of these popu-
lations should be made according to regional guidelines or
on a case-by-case basis.

Individuals with Child-Turcotte-Pugh score A or B cir-
rhosis are thought to benefit from HCC surveillance. In con-
trast, HCC surveillance is not recommended in the subset
of patients with Child-Turcotte-Pugh C cirrhosis who are
ineligible for transplant or in those with other clinically
significant comorbid diseases, as a life expectancy less than
1-2 years offsets the surveillance survival benefit (13). Sur-
veillance should be performed in the subset of patients with
Child-Turcotte-Pugh C cirrhosis who are candidates for
transplant, although the optimal imaging modality in this
population is unclear (13).
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Patients with hepatitis C virus—related cirrhosis who un-
dergo hepatitis C virus treatment and have a sustained viro-
logical response remain at risk for HCC for at least 10 years
and should continue to undergo surveillance (13). However,
data do not currently support routine surveillance of pa-
tients with advanced fibrosis without cirrhosis (stage 3) due
to either hepatitis C virus or metabolic dysfunction—associ-
ated steatotic liver disease (formerly nonalcoholic fatty liver
disease) due to the lower incidence of HCC (25). Although
nearly a quarter of HCC in patients with metabolic dysfunc-
tion—associated steatotic liver disease occurs in the absence of
cirrhosis, the annual incidence of HCC in these patients is
low (0.008 per 100 person-years) and surveillance is generally
not considered cost-effective (13,26). While not specifically
recommended, surveillance may be performed in these popu-
lations based on regional practice patterns and on a case-by-
case basis (13).

Surveillance US is not recommended in emergency de-
partment, inpatient, or intensive care unit settings, where
visualization scores are lower due to difficulties in complying
with breathing, positioning, and preparation instructions
(27). This may result in reduced sensitivity and thus a higher
number of false-negative US examinations or may unfairly
label a patient as being predisposed to higher visualization
scores (ie, VIS-C). If outpatient imaging is not feasible, then
surveillance US may be performed in emergency department
patients or hospitalized patients after acute conditions have
resolved. In such situations, the LI-RADS US Surveillance
algorithm may be used with caution for interpretation and
reporting (27).

AFP and Other Biomarkers
LI-RADS defers to AASLD for guidance regarding nonimag-

ing-based biomarkers. These guidelines include the definition
of a positive AFP and associated management recommenda-
tions and are subject to change based on AASLD updates.
The most recent 2023 AASLD guidance advises further diag-
nostic evaluation at an AFP threshold of 20 ng/mL or higher
or if there are concerning longitudinal changes, such as AFP
doubling or an increase on two consecutive tests. For patients
with a positive AFP and a sonographic correlate, LI-RADS
recommends multiphase contrast-enhanced MRI, multiphase
contrast-enhanced CT, or contrast-enhanced US (CEUS) for
further evaluation of the liver. In the absence of a sonographic
correlate, CEUS is not recommended due to the lack of a tar-
getable finding for a directed CEUS evaluation (28). If a diag-
nostic MRI or CT examination fails to show a lesion despite a
markedly elevated AFP level (200 ng/mL), then the AASLD
suggests using an alternative modality (eg, MRI if the patient
initially underwent CT) as well as consideration of additional
imaging of the chest and pelvis, including fluorodeoxyglucose

PET/CT (13).

Development and Testing of Other Biomarkers

Development and testing of other biomarkers are currently
in early phases and require further validation (Table 3).
Two tests that are currently approved by the U.S. Food and
Drug Administration for risk stratification and that may be
complementary to AFP are the Lens culinaris lectin binding
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subfraction of AFP (AFP-L3%)
and des-y-carboxy prothrombin
(DCP). The latter is produced

at higher levels in a proportion
of HCCs (29). However, these

biomarkers are not currently ap- US category
proved for HCC surveillance in - Negative
the United States due to insuf-

ficient sensitivity in early stage US2  Subthreshold
detection if used on their own.

When both are used as part of - Positive

the “GALAD” panel (patient

gender, age, AFP-L3%, AFD, Category Concept
DCP), sensitivities of 60%-— I

80% have been achieved for Negative

early HCC detection in early
studies and meta-analyses (30— Us-2

No US evidence of HCC

Observation(s) detected that may
warrant short-interval US surveillance  definitely benign
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Surveillance ultrasound in patient at high risk for HCC

Definition

No observation OR
Only definitely benign observation(s)

Observation(s) < 10 mm in diameter, not

32). Circulating tumor DNA, Subthreshold
also known as liquid biopsy, is

another potential biomarker, Us-3

but more data are needed to Positive

inform recommendations for
clinical practice and surveillance
(32,33). Overall, more evidence

is needed to recommend bio-

US visualization score
. VIS-A
marker use alone, in panels, or
in combination with imaging VIS-B
for clinical practice in HCC
surveillance.

LI-RADS US Surveillance

R " Score Definition
Version 2024: Comparison VISA Limitations i
with US LI-RADS Version S Uil D IEMTET)
No or minimal  unlikely to meaningfully
2017 limitations affect sensitivit
Y
The ¢ j t
fij Svi(i Rri%og cor.np orzuz)r; s VIS-B Limitations may obscure
o - version 7 Moderate small (< 10 mm)
were (a) the US category, limitations observations
which summarizes findings
and determines management VIS-C Limitations significantly
recommendations, and (4) the Severe lower sensitivity for liver
limitations observations

US visualization score, which
conveys the expected level of
sensitivity. Both apply to the
entire US examination. The LI-
RADS US Surveillance version
2024 algorithm (Fig 1) main-
tains these two core compo-
nents; however, the management recommendations (Fig 2)
have been refined to include (2) repeat US within 3 months
and a pathway for alternative surveillance modalities in pa-
tients with visualization score VIS-C (severe limitations),
(b) a shortened duration of recommended follow-up for ex-
amination category US-2 (subthreshold), (¢) a management
recommendation for patients with elevated serum AFP level
with and without a sonographic correlate, and (4) a recom-
mendation to perform surveillance US examination prefer-
ably in the outpatient setting. Table 4 summarizes the major
differences between LI-RADS US Surveillance version 2024
and US LI-RADS version 2017.
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Observation(s) detected that may
warrant multiphase contrast-
enhanced imaging

Moderate limitations

\lsSel - Severe limitations

Observation(s) = 10 mm in diameter, not
definitely benign, including area(s) of
parenchymal distortion OR

New thrombus in portal or hepatic vein

No or minimal limitations

Examples

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

Parenchymal heterogeneity that may impact detection
of small (< 10 mm) observation(s)

Moderate beam attenuation or shadowing

Some portions of liver or diaphragm not visualized

Liver severely heterogeneous

Severe beam attenuation or shadowing

Majority (> 50%) of right or left lobe not visualized
Majority (> 50%) of diaphragm not visualized

Figure 1: Lliver Imaging Reporting and Data System (LI-RADS) US Surveillance version 2024 components. The US cat-
egory has three possible assignments: US-1, negative; US-2, subthreshold; and US-3, positive. The US visualization score has
three possible assignments: VIS-A, no or minimal limitations; VIS-B, moderate limitations; and VIS-C, severe limitations. HCC =
hepatocellular carcinoma. Reprinted, with permission, from the American College of Radiology.

The LI-RADS US Surveillance version 2024 categories,
visualization scores, and management algorithm are de-
scribed below.

US Category

For each US examination, a US category is assigned based
on the presence or absence of observations that may war-
rant shorter interval surveillance or further characterization
with contrast-enhanced multiphase CT, contrast-enhanced
multiphase MRI, or CEUS. The US categories are abbrevi-
ated as US-1, US-2, and US-3 to help distinguish them from
the diagnostic categories used in LI-RADS CT/MRI and
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Table 1: Recommended Screening and Surveillance
Populations for HCC

Population Group

Adult patients with Child-Turcotte-Pugh A or B cirrhosis of any
etiology
Subsets of adult patients with noncirrhotic chronic hepatitis
B, including:
Males >40 years or females >50 years from an endemic
country*
Person from Africa at an earlier age’
Those with a family history of HCC
PAGE-B score 210 in Western populations receiving
antiviral therapy

Note.—HCC = hepatocellular carcinoma. Adapted, with

permission, from reference 13.

* Endemic country as defined by the American Association for the
Study of Liver Diseases hepatitis B virus guidance (62) as follows:
Africa, all countries; North, Southeast, and Fast Asia, all countries;
Oceania, all countries except Australia and New Zealand; Middle
East, all countries except Cyprus and Israel; Eastern Europe, all
countries except Hungary; Western Europe, Malta, Spain, and
indigenous populations of Greenland; North America, Alaskan
natives and indigenous populations of Northern Canada; Mexico
and Central America, Guatemala and Honduras; South America,
Ecuador, Guyana, Suriname, Venezuela, and Amazonian areas;
Caribbean, Antigua-Barbuda, Dominica, Grenada, Haiti, Jamaica,
Saint Kitts and Nevis, Saint Lucia, and Turks and Caicos Islands.

7 Surveillance can commence as eatly as the 3rd decade of life in
view of a median age of 46 years at HCC diagnosis.

LI-RADS CEUS, namely LR-1 through LR-5. In contrast
to the LI-RADS CT/MRI and LI-RADS CEUS diagnostic
algorithms, where the “LR” categories are assigned to indi-
vidual observations, the US category applies to the entire US
examination based on the most suspicious observation.

Any distinctive area compared with background liver
should be described as an “observation” in the absence of a
specific diagnosis. This term is preferred as it does not convey
a level of suspicion for the reported finding and includes both
lesions and pseudo-lesions. In the setting of surveillance, sen-
sitivity should be maximized, even at the cost of specificity,
and therefore if there is uncertainty between two categories,
the category reflecting greater suspicion should be assigned.

US-1, Negative

US-1 examinations have no sonographic evidence of HCC.
These may be examinations with either no observation or
only definitely benign observations. Examples of definitely
benign observations include simple cysts, characteristic fo-
cal fat sparing or deposition, calcified granulomas, and le-
sions such as a previously characterized hemangioma or focal
nodular hyperplasia (Fig 3). Observations smaller than 10
mm that remain subcentimeter at two subsequent follow-up
examinations may also be considered definitely benign (see
US-2 section below).

Management recommendation.—For US-1 examinations
(scored as VIS-A or VIS-B), patients should continue with rou-
tine surveillance with a repeat US examination in 6 months.

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org

Table 2: PAGE-B Risk Score for Western Populations
Receiving Antiviral Therapy
Characteristic Points
Age (y)
<30 0
30-39 2
40-49 4
50-59 6
60-69 8
>60 10
Sex
If 0
M 6
Platelet count (per mcL)
>200000 0
100000-199999 6
<100000 9
Note.—PAGE-B risk score is calculated by adding points from
each category. A PAGE-B risk score of 10 or greater in Western
populations on antiviral therapy would meet criteria for screening
and surveillance for hepatocellular carcinoma.

US-2, Subthreshold

US-2 examinations contain at least one observation of any
echogenicity that is not definitely benign, each smaller than
10 mm (Fig 4).

Management recommendation.—Two short-interval fol-
low-up US examinations at 3—6-month intervals are recom-
mended. If all observations remain smaller than 10 mm or are
not visualized at follow-up imaging, the examination may be
recategorized as US-1, returning the patient to a 6-month sur-
veillance interval (34). If, however, the observation increases
in size to 10 mm or greater at subsequent examinations, the
study becomes US-3 (see section below), warranting diagnos-
tic multiphase contrast-enhanced CT, multiphase contrast-
enhanced MRI, or CEUS.

Rationale.—Subcentimeter observations are common in the
settingofchronicliverdiseaseand, in theory, haveasmall poten-
tialtorepresentearly HCC. However, observationssmallerthan
10 mm cannot be categorized as definitely HCC (LR-5) with
diagnostic LI-RADS algorithms. In addition, of those ob-
servations that undergo CT or MRI, more than 75% have
no correlate (34). Therefore, short-interval follow-up US in
3-6 months is recommended to monitor growth or stabil-
ity, rather than attempted characterization with multiphase
contrast-enhanced CT, multiphase contrast-enhanced MRI,
or CEUS.

Moreover, longitudinal studies have shown that very few,
if any, subcentimeter observations become HCC (34,35). In
a study by Tse et al (34), of 175 subcentimeter observations
no observations progressed to suspicious (LR-4) or definite
(LR-5) HCC. Although eight patients developed HCC over a
mean follow-up of 2 years, all HCCs were in separate locations
from the baseline observations and the overall rate of HCC
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Table 3: Biomarkers for Hepatocellular Carcinoma Screening

Early Detection Research

Biomarker Test Sensitivity (%) Specificity (%) Network Phase of Validation
US plus AFP (5) 61 92 5

AFP-L3% (29) 62 90 3

DCP (29) 40 81 3

Multitarget algorithm (32) 82 87 2

GALAD (31) 54-72 90 2,3

Doylestown plus (63) 90 95 2,3

Note.—AFP = a-fetoprotein; AFP-1L3% = Lens culinaris lectin binding subfraction of AFP; DCP = des-y-carboxy prothrombin; GALAD =
gender, age, AFP-L3%, AFP, DCP. Adapted, with permission, from reference 13.

development in this group was not greater
than the expected rate in at-risk individu-
als (34). In addition, in a multi-institutional
study by Singal et al (35) evaluating patients
with subcentimeter sonographic observations,
the incidence of HCC was only 22.3 per
1000 person-years, paralleling the expected
incidence of HCC in patients with cirrhosis
and indicating that the incidence of HCC did
not increase with subcentimeter observations.
Thus, the prior recommendation for a total
of 2 years of short-interval surveillance speci-
fied in US LI-RADS version 2017 has been
reduced to only two sequential short-interval
surveillance US examinations at 3—6-month
intervals before recategorization to US-1
(negative) if observation(s) remain smaller
than 1 cm or are no longer visualized at sub-
sequent examinations.

US-3, Positive

US-3 examinations contain at least one ob-
servation that requires further characteriza-
tion with multiphase contrast-enhanced
CT, multiphase contrast-enhanced MRI, or
CEUS. These include observations measur-
ing at least 10 mm in the longest dimension
of any echogenicity that is not definitely be-
nign, areas of parenchymal distortion at least
10 mm, and a new thrombus in a portal or
hepatic vein (Fig 5).

Parenchymal distortion may manifest as
ill-defined areas of heterogeneity, areas of re-
fractive edge shadowing arising from the liver
parenchyma, or areas in which the normal
portal triads are obliterated, obscured, or dis-
torted, distinct from the background liver.

For a new venous thrombus, Doppler US
evaluation is recommended to assess for tu-
mor in vein; however, even in the absence of
clear tumor neovascularity, a new thrombus
still warrants multiphase contrast-enhanced
CT, multiphase contrast-enhanced MRI,
or CEUS.

LI-RADS® US Surveillance Management

Patient? at high risk for HCCP

Surveillance
us

— if Diagnostic MRI, CT, or CEUS
Otherwise

— if Diagnostic MRI or CT¢
Otherwise

Vis-C Repeat US within 3 months x 1
— i Severe —_— OR consider alternative
limitations surveillance modalitye

Otherwise

i i — Repeat US in 3 to 6 months x 29

Subthreshold®

Otherwise

Repeat US in 6 months

Figure 2: Diagram illustrates the Lliver Imaging Reporting and Data System (LI-RADS) US Sur-
veillance version 2024 management algorithm. For patients at high risk for hepatocellular carcinoma
[HCC), surveillance US is recommended as the first-line surveillance strategy. If the examination yields
a US-3 (positive) score, then multiphase contrast-enhanced MRI, multiphase contrast-enhanced CT,
or confrast-enhanced US (CEUS) is recommended for further evaluation. If the patient has a positive
or elevated a-fetoprotein (AFP) level without a US correlate (non—US-3 examination), diagnostic MRI
or CT is recommended for further evaluation. If the examination has a visualization score of VIS-C, a
repeat US examination within 3 months is suggested. If the patient has either risk factors for VIS-C (cir-
rhosis caused by metabolic dysfunction—associated steatohepatitis, alcohol-related cirrhosis, or Child-
Pugh B or C cirthosis or body mass index 235 [calculated as weight in kilograms divided by height in
meters squared]) or a repeat VIS-C examination, then an alternative surveillance strategy should be
considered. If the examination is US-2 (subthreshold), two short-interval follow-up US examinations at
3-6-month intervals are recommended. If stable, then the examination may be considered US-1 (nega-
tive). For US-1 (negative) and VIS-A or VIS-B examinations, continued surveillance every 6 months is
recommended. Reprinted, with permission, from the American College of Radiology.

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org 5
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Table 4: Comparison between LI-RADS US Surveillance Version 2024 and US LI-RADS Version 2017

Characteristic

LI-RADS US Surveillance Version 2024

US LI-RADS Version 2017

Surveillance population Patients with cirrhosis of any etiology*

country with HBV

with HBV
HBYV and family history of HCC

HBYV on antiviral therapy

Patient setting
outpatient setting
Imaging recommendations

recommended static views

Subsets of patients with noncirrhotic HBV:
Males >40 years or females >50 years from endemic

Individual from Africa at an earlier age (>20 years)

PAGE-B score 210 in Western populations with

US-1 Routine 6-month US surveillance
Us-2 Two short-interval follow-up examinations at
3—6-month intervals
If observation(s) remains <1 cm or is not visualized,
return to 6-month surveillance’
US-3 Multiphase CT, MRI, or CEUS
VIS-A or VIS-B Does not affect management
VIS-C Repeat US within 3 months
If still VIS-C or at high risk for continued VIS-C,
switch to alternative surveillance strategy*
Elevated AFPS Multiphase CT, MRI, or CEUS
Elevated AFP without US ~ Multiphase CT or multiphase MRI
correlate’

Recommend limiting surveillance imaging to

Cinematic sweeps, defined as a series of continuous
US images, are recommended in addition to

Patients with cirrhosis of any etiology*
Subsets of patients with noncirrhotic hepatitis B:
Males >40 years or females >50 years Asian with
HBV
HBV and family history of HCC
African or North American Black individuals with
HBV

Routine 6-month US surveillance

Short-interval follow-up every 3—6 months for 2 years

If observation(s) remains <1 cm or is not visualized,
return to 6-month surveillance®

Multiphase CT, MRI, or CEUS

Did not affect management
Did not affect management

No recommendation
No recommendation
No recommendation

Cinematic sweeps optional

Imaging and Reporting Data System.

doubling, or an increase in AFP on two consecutive tests.

Note.—AFP = a-fetoprotein, CEUS = contrast-enhanced US, HBV = hepatitis B virus, HCC = hepatocellular carcinoma, LI-RADS = Liver

* An exception to the surveillance population is patients with Child-Pugh-Turcotte class C cirrhosis who are not candidates for transplant.

" Observation is defined as any distinctive area compared with background liver. This term is preferred as it does not convey a level of
suspicion for the reported finding and includes both lesions and pseudo-lesions.

# High risk includes cirrhosis caused by metabolic dysfunction—associated steatohepatitis, alcohol-related cirrhosis, or Child-Pugh-Turcotte B
or C cirrhosis or body mass index of 35 or higher (calculated as weight in kilograms divided by height in meters squared).

¥ Elevated AFP level is defined by the American Association for the Study of Liver Diseases to include AFP level of 20 ng/mL or greater, AFP

Management recommendation.—Further characterization with
multiphase contrast-enhanced CT, multiphase contrast-enhanced
MR, or CEUS following the respective diagnostic LI-RADS al-
gorithms is recommended (28,36,37).

Rationale.—For all US-3 examinations, multiphase contrast-
enhanced CT, multiphase contrast-enhanced MRI, or CEUS
is recommended because a substantial proportion of these
patients (particularly those with cirrhosis) will be diagnosed
with HCC or other malignancy (see “Rationale for US Sur-
veillance” section below for more details).

US Visualization Score

The US visualization score communicates the relative abil-
ity to adequately assess the entirety of the liver parenchyma
for observations suspicious of HCC, and thus the expected
sensitivity, and is stratified into three levels: VIS-A, VIS-B,
and VIS-C. Factors that impair hepatic visualization may
be intrinsic or extrinsic to the liver. Intrinsic factors include

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org

parenchymal heterogeneity, cirrhosis, and steatosis. Extrin-
sic factors include excessive shadowing from lung or ribs,
large patient body habitus, bowel gas obscuring the liver or
leading to greater side lobe artifact, or patient inability to
comply with breath-hold and positioning instructions. The
AASLD 2023 update strongly recommends reporting the US
visualization score for all surveillance US examinations as it
affects recall procedures (13).

As previously noted, given the added challenges in liver vi-
sualization in the intensive care unit, emergency department,
or inpatient settings, surveillance US is best deferred to the
outpatient setting when possible (27). If, despite these limi-
tations, a study reveals an observation suspicious for HCC,
a multiphase contrast-enhanced study may be recommended
for further characterization when clinically appropriate.

VIS-A Score

A US examination with no or minimal limitations in pa-
renchymal visualization is classified as VIS-A. Limitations,
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if present, are unlikely to meaningfully affect sensitivity. An
examination classified as VIS-A may have a homogeneous or
mildly heterogeneous liver or mild beam attenuation; how-
ever, the examination still allows for near-complete visualiza-

tion of the liver (Fig 6).

Management.—Defer to US category for management
recommendations.

VIS-B Score

A US examination with moderate limitations in parenchymal
visualization that may potentially obscure small (<10 mm)
observations is classified as VIS-B. Examples include exami-
nations with moderate parenchymal heterogeneity, moderate
beam attenuation, or shadowing or those in which small por-
tions of the liver are not visualized (Fig 7).

Management.—Defer to US category for management
recommendations.

Rationale.—No change in management is recommended for
VIS-B examinations because the test sensitivity for HCC di-
agnosis in patients with examinations classified as VIS-B is
similar to those in patients with VIS-A examinations (sensitiv-
ity, >75%) (38).

VIS-C Score

A US examination with severe limitations in parenchymal
visualization that could significantly lower the sensitivity for
observations measuring at least 10 mm is classified as VIS-
C. Examples of VIS-C studies include examinations with se-
vere parenchymal heterogeneity, severe beam attenuation and
shadowing, or other extrinsic factors (eg, excessive shadow-
ing, large body habitus, overlying bowel gas, and difficulties
in complying with breathing, positioning, and preparation
instructions) that result in the inability to visualize more than
50% of the diaphragm or more than 50% of the right or left
hepatic lobe (Fig 8).

Management.—In patients with a VIS-C score and US-1 or
US-2 category, repeat US within 3 months is suggested to
assess for a potential improvement in the visualization score
(39,40). Patients with a repeat VIS-C score (eg, two or more
VIS-C scores) may switch to an alternative surveillance strat-
egy such as abbreviated MRI, contrast-enhanced MRI, or
multiphase CT. Patients with a single VIS-C score and specific
risk factors for future VIS-C examinations may proceed to al-
ternative strategies rather than reattempting US. Specific risk
factors include cirrhosis caused by metabolic dysfunction—as-
sociated steatohepatitis or alcohol-related cirrhosis, Child-
Turcotte-Pugh B or C disease, or body mass index of 35 or
higher (calculated as weight in kilograms divided by height in
meters squared).

Rationale.—VIS-C examinations are regarded as subopti-
mal, with lower sensitivity for HCC detection (<30%) com-
pared with VIS-A or VIS-B examinations (>75% sensitivity)
(38), both of which are considered acceptable studies. The

majority of patients with a single VIS-C scored examination
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Figure 3:

scale US image in a 50-year-old female patient with chronic hepatitis B shows

Examples of US-1 (negative) examinations. (A) Transverse gray-

no suspicious observation. An observation is defined as any finding distinctive
from background liver. (B) Transverse and sagittal gray-scale US images in a
67-year-old male patient with hepatitis B virus cirthosis show only a 9-mm simple
cyst (arrows). (€) Transverse gray-scale US image in a 57-year-old male with
hepatitis C virus cirrhosis shows an echogenic liver and a flame-shaped area of
decreased echogenicity (arrow), corresponding fo fat sparing, in a characteristic
location adjacent to the gallbladder.

are likely to improve to VIS-A or VIS-B on subsequent sur-
veillance examinations; however, after two or more VIS-C
scored examinations, the risk of repeated poor examination
quality (VIS-C) increases significantly and the odds of im-

proved visualization on subsequently examinations decreases
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Figure 4:

images in a 53-year-old male patient with cryptogenic cirthosis show a 5-mm echogenic observation (cali-

Examples of US-2 (subthreshold) examinations. (A) Transverse and sagittal gray-scale US

pers). (B) Sagittal and transverse gray-scale US images in a 69-year-old female patient with metabolic dys-
function-associated steatohepatitis cirthosis show a 7-mm hypoechoic observation (calipers). (€) Transverse
gray-scale US image in a 60-year-old pafient with metabolic dysfunction-associated steatohepatitis cirthosis
shows a 9-mm hypoechoic observation (arrow). (D) Transverse gray-scale US image obtained at 5-month
follow-up in the same patient as in € shows that the observation is unchanged (arrow) and is still categorized
as an US-2 (subthreshold) examination. If the observation is stable at a second follow-up 3-6-month US
examination, it can then be considered benign and the examination recharacterized as US-1 (negafive).

(39,40) (Fig 9). Therefore, a repeat examination within 3
months is recommended; if the study remains VIS-C, the
patient may switch to an alternative surveillance strategy.
If, however, a patient with a VIS-C examination has the in-
herent risk factors for future VIS-C examinations described
earlier (cirrhosis caused by metabolic dysfunction—associated
steatohepatitis, alcohol-related cirrhosis, Child-Turcotte-
Pugh B or C disease, or body mass index 235), the patient

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org
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may switch directly to an alternative sur-
veillance strategy rather than undergo a
second surveillance US examination (40).

Technical Recommendations

When surveillance US is performed, opti-
mal liver visualization is ensured by adher-
ing to the American College of Radiology
liver and/or complete abdominal US prac-
tice parameter (41) and including addi-
tional key images as listed in the LI-RADS
US Surveillance protocol. For example, it is
important to image the right and left liver
edges and subdiaphragmatic portions of the
liver to avoid known pitfalls such as missed
hepatic dome HCC (42). Other specific im-
ages in the LI-RADS US Surveillance pro-
tocol include a falciform ligament view to
assess for a patent paraumbilical vein (a sign
of portal hypertension), a wide field of view
to compare with CT and/or MRI and assess
for morphologic features of cirrhosis, and
superficial parenchyma and capsule imag-
ing with a high-frequency linear transducer
to assess for surface or internal nodularity
(Fig 10). Color Doppler of the main portal
vein is recommended. Spectral Doppler US
image of the main portal vein to evaluate
waveform.are considered optional (Fig 11).
Figure 12 lists LI-RADS US Surveillance
recommended and optional US views for
longitudinal and transverse images. While
cinematic sweeps (“cine clips”) were consid-
ered optional in US LI-RADS version 2017,
they are now recommended because they
can help detect small and isoechoic HCC,
thrombus in vein, and infiltrative HCC.
Furthermore, cine clips best demonstrate the
branching nature of the vessels and biliary
tree, facilitate comparison with prior studies,
and aid in Couinaud liver segment assign-
ment of observations. There are eight Couin-
aud segments of the liver, each with its own
vascular inflow, outflow, and biliary drainage.
Figure 13 lists LI-RADS US Surveillance—
recommended liver cinematic sweeps.

The use of various systematic and imag-
ing protocol strategies may improve liver
visualization. These include implementing
a quality assurance program and ensuring
appropriate sonographer education and

annual examination volume (>50 liver surveillance exami-
nations per year) (27). A dedicated liver surveillance pro-
tocol with sonographer training can increase sensitivity for
detecting HCC compared with a full abdominal protocol
without dedicated sonographer training (43). Lastly, varying
the patient position, using different acoustic windows, and
optimizing equipment settings (eg, lowering the transducer
frequency or switching to a penetration mode to image a
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Figure 5: Examples of US-3 (positive) examinations. (A) Transverse gray-scale US image in a 70-year-old male patient with cryptogenic cirrhosis shows a 2.2-cm hypoechoic
observation (arrow). (B) Transverse gray-scale US image in a 69-year-old female patient with metabolic dysfunction-associated steatohepatitis cirrhosis shows a 4-cm isoechoic
observation (arrow) with a hypoechoic halo, subsequently proven to represent hepatocellular carcinoma (HCC). (€) Transverse gray-scale US image in a 70-year-old male patient
with alecoholic cirrhosis shows a large echogenic region of parenchymal distortion (arrows) in the right lobe of the liver. (D) Transverse gray-scale US scan in same patient as in €
shows echogenic thrombus in the portal vein bifurcation and left portal vein (arrows) with adjacent parenchymal distortion (arrowheads). (E) Axial delayed MRI scan obtained affer
administrafion of extracellular contrast material in the same patient as in € and D shows infiltrative HCC (arrowheads) with tumor in vein (arrows).

Figure 6:

the liver with mildly heterogeneous echotexture and no focal liver observations. (B) Transverse gray-scale US image in a 67-year-old male patient with hepatitis C virus cirthosis

Examples of VIS-A examinations. (A) Transverse gray-scale US image in a 72-year-old male patient with cryptogenic cirthosis shows excellent visualization of

and moderate sfeatosis shows adequate penetration and visualization of the diaphragm and liver margins. (€) Transverse gray-scale US image in a 58-year-old female patient

with chronic hepatitis B cirthosis shows mild parenchymal heterogeneity with otherwise adequate visualization of the liver.

fatty liver) can improve image quality (Fig 14). Complete
technical and imaging recommendations are available on the

American College of Radiology LI-RADS website (44).

Differences between LI-RADS US Surveillance
Version 2024 and AASLD Practice Guidance 2023

The updated 2023 AASLD Practice Guidance for HCC em-
braces both the US category as well as the US visualization
score introduced in US LI-RADS version 2017 (13). In addi-
tion, the updated management recommendations for each US
category and US visualization score align with AASLD with
one exception. For examinations defined as VIS-B, AASLD

recommends two short-interval US examinations. In contrast,

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org

LI-RADS US Surveillance version 2024 recommends con-
tinuing routine 6-month surveillance US because studies
show that VIS-B test sensitivity for HCC diagnosis is similar
to that of VIS-A examinations (38). If stable, the patient may
then return to routine 6-month US surveillance. Importantly,
neither LI-RADS nor AASLD recommend alternative surveil-
lance imaging for examinations classified as VIS-B (38,40).

Rationale for US Surveillance

The goals and potential benefits of surveillance are the iden-
tification of HCC when potentially treatable, maximization
of survival benefits, and improvement in the quality of life.
Potential harms of HCC surveillance, however, may include

9
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Figure 7: Examples of VIS-B examinations. (A) Transverse gray-scale US image in a 26-year-old female patient with autoimmune-related cirthosis shows moder-
afe infrinsic heterogeneity of the liver parenchyma with adequate penetration. (B) Transverse gray-scale US image in a 65-year-old male patient with cryptogenic
cirrhosis shows a large hypoechoic observation (arrow) representing a US-3 finding and subsequently proven as hepatocellular carcinoma (HCC). The HCC was
visualized despite small areas of obscuration of the liver by the lung (*). (€) Transverse gray-scale US image in a 77-year-old male patient with metabolic dysfunc-
tion-associated steatohepatitis cirrhosis shows mild heterogeneity, mild increased liver echogenicity, and mild US attenuation due to steatosis. Suboptimal visualization
of small portions of the right side of the liver () may obscure small masses.

Figure 8: Examples of VIS-C examinations. (A) Transverse gray-scale US image in a 50-year-old male patient with alcohol-related cirrhosis shows marked pa-
renchymal heterogeneity, representing an intrinsic efiology for a VIS-C score. (B) Sagittal gray-scale US image in a 63-year-old male patient with hepatitis C virus
cirrhosis shows obscuration of large portions of the liver by overlying ribs (arrowheads). The liver was high riding in the chest, and an adequate sonographic window
was unable to be achieved despite varying the patient’s position. (€) Transverse gray-scale US image in a 76-year-old-male patient with alcohol-related cirrhosis and
severe steatosis shows poor penetration of the liver and nonvisualization of the diaphragm, resulting in overall poor visualization.

the need for repeat contrast-enhanced imag-
ing with CT, MRI, or US either once, mul-
tiple times, or indefinitely; the psychological
distress and uncertainty created by recall
procedures; the monetary cost of recall and
follow-up procedures; the personal patient
time required for further evaluation; and
potential risks of biopsy or other invasive
procedures (45).

Comparison of outcomes of surveillance
US examinations should not be compared
with those from diagnostic CT, MRI, or

CEUS for HCC due to the substantial dif- Figure 9: Example of VIS-C inpatient study changing to VIS-A when performed as an outpatient study.
(A) Sagittal gray-scale US image in a 65-year-old female patient with hepatitis B virus cirrhosis shows ob-

ferences between the patient populations.

; R scuration of large areas of the peripheral right lobe of the liver (arrows) due to overlying ribs, with poor
Another routine SC[CCnlng program, brCaSt

peneiration of the liver porenchymo and nonvisualization of the diophrogm. The patient underwent imaging

screening with mammogfaphy) may be con- as an inpatient and was unable to suspend respiration or vary position. All of these factors rendered the stud
p P P ypP Y

sidered as a comparison to frame the rela- a VIS-C. (B) Sagittal gray-scale US image in the same patient in the outpatient seffing 1 month later shows

tive benefits of US HCC screening to an improved visualization of the liver affer p\ocmg the patient in the left lateral decubitus position. The visualiza-

accepted standard. tion score |mproved. to .\/\S-A. U‘se of multiple sonogroph\c W\r.wdows o\\owed for .comp\ete wsuohzoﬁon of
the liver. This study highlights the importance of surveillance US in the outpatient setting whenever possible.
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The recall rate for liver US surveillance (ie, US-3 exami-
nations) approximated 5% in a multi-institutional study,
although this may vary depending on geographic location,
patient demographics, and underlying liver disease (46). In
comparison, the target recall rate of screening mammogra-
phy in the United States is approximately 10%.

The positive predictive value (or PPV) of US for HCC
ranges between 15% and 35% depending on the prevalence
of cirrhosis in the surveillance population (46-48). In one
study of 225 patients with US-3 category examinations, the
overall PPV for probable or definite cancer (LR-4, LR-5, LR-
M, or LR-TIV) was 15% and increased to 26% in the subset
with cirrhosis (47). Similarly, in a different study population
where more than 85% of patients had cirrhosis, one in five
patients had probable or definite cancer (48). In comparison,
the PPV of mammography (referred to as PPV1 for screen-
ing mammography) is approximately 4.4% (49). Thus, the
PPV of surveillance US for HCC
compares favorably to that of screen-
ing mammography for breast cancer.

Finally, the agree-
ment of the US visualization score is

interreader

good, with a reported intraclass cor-
relation of 0.7 (50). In comparison,
the reported interreader agreement
of breast density for mammography
(weighted «) is 0.57 (51). Thus, per-
formance statistics of US for HCC
surveillance compare favorably to
those of mammography for routine
breast cancer screening.

Cost-effectiveness

Kamaya et al

the analysis, such as the economic impact of false-positive
results from increased overall lesion detection rates; radia-
tion exposure in a CT-based surveillance population; and a
possible decreased compliance with surveillance due to intra-
venous contrast material administration (CT or MRI), MRI-
associated claustrophobia, and personal financial costs (54).
Notably, current adherence rates for HCC surveillance are
already low at 18%-25% (57,58). Switching to alternative
CT- or MRI-based surveillance may further decrease patient
adherence due to decreased access, greater cost, and lower
patient acceptance. This in turn may decrease the overall ef-
fectiveness of surveillance.

Future Directions

Future modifications are expected after new data accrue
based on this latest version of LI-RADS US Surveillance.
Future refinements in the definition of each visualization

Figure 10: Imaging of superficial parenchyma and liver capsule with a high-frequency linear fransducer. (A)

A basic tenet of cost-effectiveness is
that “improvement in quality and/or
quantity of life must not come at a
cost that society cannot sustain both
in terms of actual resource and physi-
cal or psychological harm” (52). Di-
rect comparison and cost analysis of
various HCC surveillance systems is
challenging due to variations in the
reported cost of downstream man-
agement, differences in local and re-
gional costs, and different payment
structures (53).
surveillance in cirrhosis is considered
cost-effective at a risk threshold of
0.8% per year (13) and US surveil-
lance of at-risk populations is cost-

Overall, however,

effective across multiple jurisdictions
(53-56).

A recent study by Lima et al (54)
suggested that primary surveillance
strategies with CT or MRI may be
more cost-effective than US-based
programs due to increased sensitivity
and specificity for disease. However,
other factors were not included in

Radiology: Volume 313: Number 3—December 2024 = radiology.rsna.org

Sagittal plane gray-scale US image obtained with a low-frequency fransducer in a 63-year-old female patient with
alcohol-related cirrhosis shows a coarse liver echotexture. (B) Although performing US with a high-frequency linear
transducer is considered optional, sagitial gray-scale US image obtained with a high-frequency linear transducer nicely
shows the superficial and deep surface nodularity (long arrows) and the linear areas of fibrosis (short arows) through-
out the liver. A combination of low- and high-frequency images of the liver is useful to confirm subtle features of cirthosis.

Figure 11: Images of main portal vein. (A) Transverse gray-scale image of the main portal vein (arrow) in a
64-year-old female patient with alcohol-related cirrhosis shows a normal appearance without thrombus. (B) Op-

tional transverse color and spectral Doppler US images show normal flow direction toward the liver (hepatopetall.
The spectral Doppler waveform is normal, with minimal undulation. MPV = main portal vein.
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score would be beneficial to
decrease subjectivity in qual-
ity assessment. Machine learn- Longitudinal images

ing prediction of visualization
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LI-RADS® US Surveillance Recommended US Views

. . Left lobe:
scores could potentially im- + left of midline
prove patient stratification and « at midline; include proximal abdominal aorta, celiac artery, and SMA

management.

Although  LI-RADS  US

+ with IVC; include caudate lobe, MPV, and pancreatic head
« with left portal vein

Surveillance recommends al- Recommended Right lobe:
ternative surveillance strate- views . WitE ga::bl:gder

.. . . « with right kidney
gles .m P a.tlems with repeat (or + including right hemidiaphragm and adjacent pleural space
at high risk for repeat) VIS-C « far lateral
examinations, the specific al- ) o
ternative surveillance strategy Main portal vein; include graysc'ale and cplor Doppler

. L. Common duct at porta hepatis; include diameter measurement

(or potentially combinations
of strategies) is yet to be clearly + Color Doppler of the right and left portal veins, and hepatic veins
defined. Alternative surveil- Optional views + Spectral Doppler of main portal vein to assess waveform, velocity, and flow

lance may include multiphase
CT, MRI, or abbreviated MRI.
This decision may be further
individualized on the basis of
a patient’s demographics and
risk factors. Recently, there
has been growing interest and

Transverse images

preliminary data evaluating
abbreviated MRI for patients

direction

Left lobe:
+ with left portal vein
« falciform ligament to evaluate for the presence of patent paraumbilical vein
+ plus views to show entire left lobe including liver edge

Dome with hepatic veins

. Recommended Main portal vein bifurcation

who are poor candidates for US e —— E
(59-61). Three distinct types of Right lobe:
abbreviated MRI are currently + with right portal vein
bei . . d: * with main portal vein

eing investigated: noncon- - with gallbladder
trast abbreviated MRI, pre- + with right kidney
and post-contrast abbreviated « plus views to show entire right lobe including liver edge

MRI, and hepatobiliary phase
abbreviated MRI. The most
optimal alternative surveillance T o
strategy, and whether abbrevi-
ated MRI can be adopted in
a widespread, consistent, and
equitable fashion, is yet to be
determined. As
strategies evolve, repeat eco-
nomic assessments with due

surveillance

consideration of treatment and

additional downstream imag-

ing costs will be required to confirm the continued cost-
efficacy of various surveillance paradigms.

Simultaneously, as discussed previously, as emerging
blood-based biomarkers are validated and their diagnostic
accuracy is better defined, they may play a larger role in ini-
tial screening. This may affect how we choose imaging-based
surveillance for these patients.

Finally, improved adherence to surveillance recommenda-
tions, as well as increased widespread adoption of LI-RADS
US Surveillance, are needed to achieve maximum impact.
This requires partnership and collaboration with other stake-
holders, as HCC-related mortality in at-risk patients cannot
be improved without the consistent application of high-
quality surveillance imaging.
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* plus views of liver tip

Color Doppler view of additional vascular structures

Wide field of view to assess liver morphology (patterns of cirrhosis)

Linear transducer to depict surface nodularity and any near-field parenchymal
observations.

Figure 12: Lliver Imaging and Reporting Data System (LI-RADS) US Surveillance version 2024 recommended and op-
tional US views for longitudinal and transverse images. The recommended and optional US views for the hepatocellular
carcinoma surveillance US protocol are listed and are also available on the American College of Radiology LI-RADS US
Surveillance Core website. IVC = inferior vena cava, MPV = main portal vein, SMA = superior mesenteric artery. Reprinted,
with permission, from the American College of Radiology.

Conclusion

In conclusion, Liver Imaging Reporting and Data System US
Surveillance version 2024 standardizes the performance and
interpretation of examinations in patients at risk for hepato-
cellular carcinoma. These updates are based on new evidence
and are in alignment with the 2023 American Association
for the Study of Liver Diseases practice guidance. Surveil-
lance US examinations should be ideally performed in the
outpatient setting, and o-fetoprotein is now incorporated
into the management guidelines. The follow-up duration
for US examination category US-2 (subthreshold) has been
shortened from 2 years to two 3—-6-month short-interval
follow-up examinations. It is recommended that patients
with repeat visualization scores of VIS-C (severe limitations)
or those with a single VIS-C examination but at high risk
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for future VIS-C examinations switch to alterna-
tive surveillance strategies such as CT, MRI, or
abbreviated MRI. Future research is needed to
further elucidate the best alternative surveillance
strategies and to determine how to incorporate
emerging blood-based biomarkers. Improving pa-
tient compliance with surveillance programs will
further maximize societal impact.
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