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The Liver Imaging Reporting and Data System (LI-RADS) was created to standardize liver imaging 
in patients at high risk for hepatocellular carcinoma (HCC), and it uses a diagnostic algorithm to 
assign categories that reflect the relative probability of HCC, non-HCC malignancies, or benign 
focal liver lesions. In addition to major imaging features, ancillary features (AFs) are used by 
radiologists to refine the categorization of liver nodules. In the present document, we discuss 
and explain the application of AFs currently defined within the LI-RADS guidelines. We also 
explore possible additional AFs visible on contrast-enhanced ultrasonography (CEUS). Finally, 
we summarize the management of CEUS LI-RADS features, including the role of current and 
potential future AFs.
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Introduction

Hepatocellular carcinoma (HCC) is the second most lethal cancer, with a 6-year survival rate of 18%. 
It is the sixth most common cancer and the fourth most common cause of cancer-related death in 
the world [1]. The majority of HCCs are diagnosed via imaging without pathologic confirmation; thus, 
the accurate interpretation and reporting of imaging features are critical. The Liver Imaging Reporting 
and Data System (LI-RADS) was created to standardize the terminology, technique, interpretation, 
and reporting for HCC diagnosis in patients at risk for HCC. Earlier versions of the LI-RADS were 
developed for computed tomography (CT) and magnetic resonance imaging (MRI) (https://www.
acr.org/Clinical-Resources/Reporting-and-Data-Systems/LI-RADS). Recently, LI-RADS algorithms and 
diagnostic tables have been developed for ultrasonography (US) and contrast-enhanced US (CEUS) 
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[2-12]. According to the LI-RADS guidelines, major features are 
used to categorize observations as LR-3, LR-4, or LR-5. 

The LI-RADS categorization scheme utilizes ancillary features (AFs) 
to improve detection, increase confidence, or adjust the category 
of the observation. These AFs may be applied at the interpreter's 
discretion [13,14]. The LI-RADS v2017 CEUS Core document, 
released by the American College of Radiology, briefly lists the 
application rules for CEUS AFs (https://www.acr.org/-/media/ACR/
Files/RADS/LI-RADS/CEUS-LI-RADS-2017-Core.pdf?la=en). Unlike 
in contrast-enhanced computed tomography (CE-CT) and contrast 
enhanced-magnetic resonance imaging (CE-MRI), in CEUS, AFs have 
generally not been used or accepted. 

In this article, we review and illustrate AFs on CEUS, including 
their terminology, characterization, and possible applications.

Definition of an Observation

The LI-RADS approach defines an "observation" as an area that 
is distinct from the background liver parenchyma on imaging [15]. 
This generic term used for all imaging modalities is preferred over 
"lesion" or "nodule," since some observations, such as perfusion 
alterations and artifacts, may represent pseudolesions rather than 
true lesions or nodules. Hence, the term "observation" is used 
consistently in LI-RADS decision trees, algorithms, and tables. In 
clinical practice, narrower diagnostic terms may be alternatively 
used depending on the level of certainty. For example, the specific 
terms "simple cyst"; "solid hypoechoic," "hyperechoic," or "mixed-
echogenicity nodule"; or "thrombus in vein" may be used.

Observations can be either lesions or pseudolesions. While both 
are visible on imaging, lesions have a corresponding pathologic 
abnormality, whereas pseudolesions do not. Lesions include nodules, 
masses, confluent fibrosis or scarring, non-mass lesions (such as 
fat deposition or fatty sparing, iron deposition or sparing, and 
hemorrhage or edema), and treated lesions. Pseudolesions include 
artifacts, arterioportal shunts, and hypertrophic pseudomasses.

Some observations, such as nodules or masses, may be visible 
on all imaging modalities. Other observations are observed on a 
specific imaging modality or modalities, such as iron deposition on 
MRI. While the concept of observations has not typically been used 
in the context of CEUS, some phenomena described on CE-CT and 
CE-MRI can also be seen on CEUS, including pseudomasses, capsule 
vessels, and arterioportal shunts [16-18]. This is especially relevant 
in identifying the supplying vessels in focal fatty sparing or fat 
deposition at the periphery of the liver adjacent to the liver capsule.

Definition of AFs

AFs are defined by the LI-RADS guidelines as imaging features 
that modify the likelihood that an observation is HCC (Table 1). In 
isolation, these features do not permit the reliable categorization 
of observations and hence are considered ancillary. In prior versions 
of the LI-RADS, AFs were broadly divided into those favoring 
malignancy and those favoring benignity, and no rules for AF 
application were provided. In the 2017 version of the LI-RADS, 
AFs were divided into those favoring malignancy in general, those 
favoring HCC in particular, and those favoring benignity. The 2018 
version of the LI-RADS guidelines then provided new rules regarding 
the application of AFs [13]. AFs should only be used if their presence 
is unequivocal; they should not be utilized if their presence is 
uncertain [19].

AFs Favoring Malignancy in General

Three CEUS AFs favor malignancy, one of which favors malignancy in 
general (definite growth) and two of which favor HCC in particular 
(nodule-in-nodule appearance and mosaic appearance). These AFs 
may be applied to upgrade the observation by one category to a 
maximum classification of LR-4. They cannot be used to upgrade 
the category to LR-5, and their absence should not be used to 
downgrade the LR category.

Unequivocal Diameter Increase (Growth)
Unequivocal diameter increase refers to an increase in the maximum 
diameter of a nodule over time which is not attributable to an 
artifact, differences in technique or modality between the exams, 
or measurement error [13,20]. Importantly, only US findings can be 
compared to US findings; while MRI and CT findings can each be 
compared to the other modality, neither should be compared to US 
results. Diameter change on US should be measured in B-mode. If 
the observation margins are unclear in B-mode, one may use CEUS 

Table 1. CEUS AFs recognized by the Liver Imaging Reporting 
and Data System

CEUS AFs favoring malignancy CEUS AFs favoring benignity
Favoring malignancy in general, not 
HCC in particular

Size stability ≥2 yr

Definite growth Size reduction

Favoring HCC in particular -

Nodule-in-nodule appearance -

Mosaic appearance -
CEUS, contrast-enhanced ultrasound; AF, ancillary feature; HCC, hepatocellular 
carcinoma.
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images. If CEUS images are utilized, the interpreter should select 
enhanced images from the prior and current exams that show the 
lesion clearly and in the same phase; the arterial phase should be 
avoided, as it may lead to overestimation. Surrounding anatomical 
landmarks (the portal and hepatic veins, hepatic artery, gallbladder, 
and falciform ligament) should be used to ensure that the imaging 
planes used for observation measurements are comparable.

Diameter increase is an AF that favors malignancy but is not 
specific for HCC, since any malignant neoplasm is expected to grow 
[13]. The LI-RADS guidelines for CEUS do not stipulate a minimum 
increase in diameter required for use as an AF. If diameter increase is 
observed, interpreters may at their discretion upgrade the category 
by one level to a maximum classification of LR-4. Interpreters should 
exercise judgment in the application of this feature, which applies 
only in the case of an unequivocal increase in the diameter of an 
observation. Since threshold growth is not a major feature according 
to the LI-RADS CEUS guidelines, any unequivocal size increase is 
categorized as an AF favoring malignancy [13].

AFs That Favor HCC in Particular

The AFs that favor HCC in particular are mosaic appearance and 
nodule-in-nodule architecture (a subset of mosaic appearance). 
These features are characteristic of HCC but are rarely, if ever, 
observed in cholangiocarcinomas and other non-HCC malignancies; 
hence, they favor HCC in particular. These morphological patterns 
are best seen in the arterial phase, but the sizes of the internal 
nodules may vary depending on the exact timing of this phase. 

Mosaic Appearance
Mosaic appearance is defined as the presence of randomly-
distributed internal nodules or compartments, usually with different 
imaging features in terms of enhancement, attenuation, intensity, 
and size [13,21]. Mosaic appearance is thought to result from the 
clonal expansion of cells in various stages of dedifferentiation in the 
hepatocarcinogenesis pathway; for instance, one compartment may 
represent a precursor dysplastic nodule, while the other may contain 
early or progressed HCC. Imaging appearance is a reflection of the 
histology, with mosaic tumors comprising nodules with varying 
degrees of dedifferentiation, necrosis, fibrosis, cystic degeneration, 
and hemorrhage. The nodules are separated by thin septa or necrotic 
areas [22,23]. On imaging, mosaic appearance may be broadly 
categorized as follows:
-	Nodule-in-nodule appearance, characterized by the presence of a 

smaller inner nodule (the daughter nodule) within a larger outer 
nodule (the parent nodule). 

-	Multi-nodule-in-nodule appearance, characterized by the 

presence of multiple inner daughter nodules within a larger 
parent mass. 

-	Multicompartment-in-nodule appearance, characterized by the 
presence of multiple discrete nodules and compartments randomly 
distributed within a larger mass. 

-	Septated solid mass, characterized by the presence of irregular 
enhancing internal septa [19].
Mosaic appearance is an AF that favors HCC. A mosaic mass that 

does not meet the LI-RADS major feature criteria for LR-5 (e.g., 
that lacks arterial phase hyperenhancement) cannot be categorized 
as LR-5. In patients with cirrhosis or other risk factors for HCC, 
however, most masses with a mosaic appearance can be categorized 
as LR-5 based on LI-RADS major features [19]. 

Mosaic appearance is a feature most commonly seen in tumors 
larger than 3 cm. When assessing the size of an observation 
with a mosaic appearance, the entire mass should be measured, 
as opposed to measuring solely the internal nodules or the 
compartments with arterial phase hyperenhancement.

Nodule-in-Nodule Appearance
Nodule-in-nodule appearance refers to the presence of one or 
more inner nodules with imaging features that differ from those 
of a larger outer nodule [24]. Nodule-in-nodule appearance is a 
subset of mosaic appearance and is thought to result from the 
clonal expansion of cells that are at a more advanced stage of the 
hepatocarcinogenesis pathway than the cells of the outer nodule 
(Table 2). The inner nodule often exhibits features of a progressed 
HCC, whereas the outer nodule usually shows imaging features 
representative of a dysplastic nodule or an early HCC [25]. Nodule-
in-nodule appearance is a subtype of mosaic appearance; hence, the 
aforementioned description of that broader category largely applies. 
Regarding diameter measurement, for nodules with a nodule-in-
nodule appearance, the entire observation should be included in 
the measurement, not just the internal nodule(s). An observation of 
nodule-in-nodule appearance that does not meet the major feature 
criteria for LR-5 cannot be categorized as LR-5. For such masses, a 
nodule-in-nodule appearance is an AF favoring malignancy. CEUS 

Table 2. Summary of nodule-in-nodule appearance
Appearance

Nodule-in-nodule appearance specifically favors hepatocellular carcinoma 
as opposed to malignancy in general
Nodule-in-nodule appearance is a subset of mosaic appearance

Interpreters may, at their discretion, apply nodule-in-nodule appearance 
to upgrade the category (up to LR-4) for such observations
If uncertain about the feature, do not characterize it as having nodule-in-
nodule appearance 
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Unequivocal Diameter Reduction (Decreased Size)
Unequivocal diameter reduction refers to a decrease in the 
maximum visualized diameter of a nodule measured over time that 
is not attributable to an artifact, differences in technique or modality 
between the exams, or measurement error. Decreased size applies 
to nodules that unequivocally become smaller in the absence of 
treatment (i.e., spontaneously). Diameter reduction in the absence 
of treatment is an AF that favors benignity. The LI-RADS guidelines 
for CEUS do not stipulate a minimum reduction in diameter required 
for use as an AF. If this feature is observed, interpreters may at their 
discretion downgrade the LI-RADS classification by one category. 
Diameter reduction after treatment should not be considered to be 
an AF favoring benignity.

For tumors that decrease in size following resorption of an acute 
bleed, diameter reduction should not be used as an AF favoring 
benignity. Some tumors may shrink slightly, possibly due to the 
resorption of hemorrhage or the development of fibrosis. Thus, 
diameter reduction does not guarantee that an observation is 
benign.

Differences in AFs between Imaging Modalities

Not every AF can be readily evaluated with each imaging modality. 
AFs can be grouped into four categories: (1) features that can be 
evaluated approximately equally well with all modalities; (2) features 
that can be better evaluated with CT and MRI than with US/CEUS; 
(3) features that can be evaluated with only one modality, generally 
MRI; and (4) features that can be evaluated with US only.

may show a nodule-in-nodule appearance more frequently than 
other modalities. While the internal and outer nodule are usually 
most obvious in the arterial phase, their sizes may vary depending on the 
exact timing of this phase. Therefore, size is measured more consistently 
on B-mode US and in the late phase than in the arterial phase.

AFs Favoring Benignity

AFs that favor benignity can be applied to downgrade the LI-RADS 
classification by one category. Their absence should not be used to 
upgrade the classification. 

AFs favoring benignity are as follows: (1) unequivocal diameter 
reduction and (2) diameter stability for ≥2 years.

Diameter Stability for ≥2 Years (Stable Size)
Diameter stability is defined as:
-	The lack of measurable change in the diameter of a nodule, 

measured on exams performed over 2 years or more and in the 
absence of treatment, or

-	A change in diameter so small that the change is attributable 
to an artifact, differences in imaging technique or modality, or 
measurement error.
Diameter stability over 2 years or more in the absence of 

treatment is an AF that favors benignity. If this feature is observed, 
interpreters may at their discretion downgrade the LI-RADS 
classification by one category. After treatment, diameter stability 
should not be considered to be an AF favoring benignity.

Fig. 1. Mosaic appearance. The patient is a 63-year-old man with hepatitis C virus/alcoholic cirrhosis and hepatocellular carcinoma. An 
arterial-phase image shows heterogeneous enhancement of this 8.5-cm LR-5 lesion. 
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Features That Can be Evaluated Equally with All Modalities 
Mosaic appearance is defined as the presence of randomly-
distributed nodules and compartments inside an observation, 
where those nodules and compartments display different levels of 
enhancement, intensity, attenuation, and/or echogenicity. As stated 
previously, mosaic appearance is an AF that favors HCC (Fig. 1), 
and nodule-in-nodule appearance (e.g., a hyperenhancing nodule 

developing inside an isoenhancing nodule) is a subtype of mosaic 
appearance (Fig. 2).

Features That Can Be Better Evaluated with CT or MRI Than 
with US/CEUS 
Features for which CT or MRI evaluation is preferable over US/
CEUS imaging are subthreshold growth, corona enhancement, 

A

C

B

D
Fig. 2. Nodule-in-nodule appearance.
The patient is a 69-year-old man with alcoholic cirrhosis and an LR-4 lesion on magnetic resonance imaging. A. Contrast-enhanced 
ultrasound shows a 32-mm nodule with a nodule-in-nodule appearance in the arterial phase (arrows). B-D. The entire nodule (arrows) 
displays isoenhancement in the portal venous phase at 1 minute (B) and 2 minutes (C) and shows late and mild washout at 3 minutes (D). 
With regard to appearance, this is typical of a well-differentiated hepatocellular carcinoma focus developed in a dysplastic nodule. 
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the presence of a non-enhancing capsule, and enhancement that 
parallels that of the blood pool. 

Features That Can Be Evaluated with Only One Modality, 
Generally MRI 
Some AFs can only be evaluated with MRI or can be better assessed 
with MRI than with other imaging modalities. This is due to the 
higher soft tissue resolution of MRI and to the technique’s ability to 
employ multiple contrast media (e.g., hepatobiliary-specific contrast 
media, such as gadoxetic acid). 

These AFs are as follows: T2-weighted imaging features, such 
as marked T2 hyperintensity (an AF favoring benignity) and mild-
moderate T2 hyperintensity (an AF favoring malignancy in general); 
restricted diffusion; hypointensity of the nodule in the transitional 
and hepatobiliary phase after injection of liver-specific contrast 
media; the presence of fat or fatty sparing inside the nodule; 
the presence of iron or iron sparing inside a focal mass; and the 
presence of blood products inside or outside an untreated mass.

Features That Can Be Evaluated with US Only
US can also provide information which is not obtainable by other 
imaging techniques [26-28], such as US visibility as a discrete 
nodule, which is an AF that favors malignancy in general. This AF 
was not listed in previous versions of the LI-RADS, but was included 
in the 2017 version of the LI-RADS criteria. Darnell et al. [29] 
reported that 96% of LR-4 and 69% of LR-3 observations that were 
visible on US were determined to be HCC nodules. 

Interpreters may, at their discretion and after review of CEUS 
images, apply AFs to adjust the LI-RADS category as follows. The 
presence of one or more AFs that favor malignancy may be used 
to upgrade by one category to a maximum classification of LR-4; 
however, AFs cannot be used to upgrade the category to LR-5. This 
rule is designed to preserve high specificity for the definite diagnosis 
of HCC, to prevent misdiagnosis (i.e., the false-positive diagnosis of 
HCC in patients under consideration for liver transplantation), and to 
maintain congruency with Organ Procurement and Transplantation 
Network criteria, which do not recognize AFs. The presence of one 
or more AFs that favor benignity may be used to downgrade the LI-
RADS classification by one category. If conflicting AFs are present 
(i.e., one or more favoring malignancy and one or more favoring 
benignity), the category should not be adjusted.

Other Potential CEUS Features

At the present time, the imaging features below are not recognized 
as LI-RADS AFs. 

Central or Eccentric Arterial Blood Supply
A nodule may fill with contrast medium from the center to the 
periphery, originating from a large central artery [30,31]. This blood 
supply is characteristic of focal nodular hyperplasia (FNH) and can 
be considered an AF favoring benignity. The presence of this feature 
is also important to differentiate hepatocellular adenoma from FNH 
[31-33]. The individual vessels can be best visualized using CEUS 
with strict intravascular contrast agents [34]. FNH in cases of liver 
cirrhosis is rarely reported; therefore, the feature is of little value 
in daily practice except for patients who are at risk for HCC due to 
hepatitis B without cirrhosis [35]. 

Conclusion 

In preparing this manuscript, a few questions were discussed but 
not yet answered. One of these questions was whether supportive 
AFs exist for conventional non-enhanced imaging techniques, 
including CT, MRI, conventional B-mode (gray-scale) US, and Doppler 
techniques. Until now, most evidence has been published on AFs in 
the setting of MRI, and little information has been published on the 
use of different equipment and differences in contrast agents used.

Future studies should focus on the similarities or differences 
between AFs on CEUS, CT, and MRI and their clinical utility. In 
addition, AFs should be examined separately with SonoVue/Lumason 
and Sonazoid contrast agents and compared. 
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