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How to Use LI-RADS to Report Liver  
CT and MRI Observations

Primary liver cancer is the fourth leading cause of cancer-related 
deaths worldwide, with hepatocellular carcinoma (HCC) compris-
ing the vast majority of primary liver malignancies. Imaging plays 
a central role in HCC diagnosis and management. As a result, the 
content and structure of radiology reports are of utmost importance 
in guiding clinical management. The Liver Imaging Reporting and 
Data System (LI-RADS) provides guidance for standardized report-
ing of liver observations in patients who are at risk for HCC. LI-
RADS standardized reporting intends to inform patient treatment 
and facilitate multidisciplinary communication and decisions, taking 
into consideration individual clinical factors. Depending on the con-
text, observations may be reported individually, in aggregate, or as a 
combination of both. LI-RADS provides two templates for reporting 
liver observations: in a single continuous paragraph or in a structured 
format with keywords and imaging findings. The authors clarify 
terminology that is pertinent to reporting, highlight the benefits of 
structured reports, discuss the applicability of LI-RADS for liver CT 
and MRI, review the elements of a standardized LI-RADS report, 
provide guidance on the description of LI-RADS observations ex-
emplified with two case-based reporting templates, illustrate relevant 
imaging findings and components to be included when reporting 
specific clinical scenarios, and discuss future directions.

An invited commentary by Yano is available online.
Online supplemental material is available for this article.
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After completing this journal-based SA-CME activity, participants will be able to:
	�Describe the contents of the LI-RADS reporting templates.

	�Discuss when to report multiple observations individually, in aggregate, or by using 
a combination of the two approaches, depending on the number of observations and 
their LI-RADS categories.

	�Identify specific clinical scenarios to issue radiology reports that are tailored to ad-
dress patients’ needs and adequately inform treatment decisions.

See www.rsna.org/education/search/RG

SA-CME LEARNING OBJECTIVES

Introduction
Hepatocellular carcinoma (HCC) comprises the majority of primary 
liver cancers, which are the fourth leading cause of cancer-related 
death worldwide (1). HCC is unique in that the diagnosis may be 
made primarily with imaging, without the need for histopathologic 
confirmation (2,3). As radiology reports often support management 
decisions, they must communicate findings clearly and consistently 
and include all relevant imaging information.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org
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LI-RADS provides standardization in screening 
and surveillance with US; in diagnostic imaging 
with CT, MRI, and contrast-enhanced US; and 
for assessment of treatment response at CT and 
MRI. In this article, we clarify terminology that is 
pertinent to reporting and highlight the benefits 
of structured reports. We discuss the applicabil-
ity of LI-RADS and focus on the elements of a 
standardized LI-RADS report for liver CT and 
MRI. We provide guidance for describing LI-
RADS observations, exemplified with two case-
based reporting templates, and illustrate relevant 
imaging findings and components to be included 
when reporting specific clinical scenarios. We 
briefly discuss future directions. While we pro-
vide standardized terminology and templates for 
structured reporting, the level of detail should be 
adapted according to the preferences and needs of 
individual radiologists, referrers, practices, institu-
tions, regional preferences, and liver transplanta-
tion requirements when applicable. A structured 
report template for liver CT and MRI using 
LI-RADS is available at https://www.radreport.org/
home/RPT50860.

Reporting Terminology
Six terms that are pertinent to reporting in the 
radiology literature require clarification: narrative 
reporting, unstructured reporting, free-text reports, 
standardized reporting, structured reports, and 
contextual reports (10,14–18). In this manuscript, 
we prefer the term narrative reporting to designate 
the use of narrative unstructured text to report 
imaging information, as this is the most commonly 
used term in the radiology literature. Similarly, 
because of the widespread use in the radiology 
literature, we prefer the broader term structured 
reports, although some examples in this article can 
be considered contextual reports, as these focus on 
a specific clinical indication. Structured reports ar-
range the medical content into predefined formats 
that are consistently organized in ordered sections 
and use standardized language. Reporting termi-
nology is summarized in Table 1.

Chronologically, terminology must be stan-
dardized before structured reports can be created. 
In this manuscript, we use the term standardized 
reporting to refer to use of the LI-RADS lexicon 
and algorithms for describing liver observations. 
In specific sections, we use the term structured 
reports to refer to reporting templates that facilitate 
the communication of imaging findings and the 
extraction of information for indexing, research, 
and teaching purposes (Table 2).

Benefits of Structured Reports
In addition to standardization, structured reports 
provide several benefits. In a clinical setting, a 

TEACHING POINTS
	� The elements comprising a LI-RADS templated report are 
clinical indication and history, comparison examinations, 
technique, findings, and impression sections.

	� The recommended descriptors for LI-RADS untreated obser-
vations include a unique identifier (ie, observation 1); location; 
major features, including size and growth; ancillary features (if 
applied); comparison with prior imaging, if available; and final 
LI-RADS category.

	� The recommended descriptors for LI-RADS treated observa-
tions include a unique identifier (ie, observation 1); location; 
LR-TR features of viability; size of equivocal or viable tumor; 
final LR-TR category; and reference to treatment and compari-
son with prior imaging, if available.

	� In some practices, particularly in centers that offer multi-
disciplinary management or liver transplantation for HCC, 
listing observations fulfilling Organ Procurement and 
Transplantation Network (OPTN) criteria for definite HCC and 
the radiologic T stage is preferred to inform patient treatment 
and transplant eligibility.

	� Multiple observations can be described individually, in aggre-
gate, or by using a combination of the two, depending on the 
number of observations and the LI-RADS category. The choice 
of describing individual or aggregate observations is left to the 
radiologist’s judgment, with recommendation for the option 
that provides the greatest clarity.

Radiology reports come in many forms, in-
cluding free text, standardized, and structured. 
Free-text reports may lack clarity and consis-
tency, potentially leading to errors in translation 
to management and longitudinal reporting (4–6). 
Conversely, standardized or structured reports 
streamline medical content by using precise ter-
minology and are scripted to cover all clinically 
relevant data, promoting consistent and com-
plete reporting of all data elements (5–8). They 
improve clinical care and workflow by providing 
systematic image analysis and reduced dictation 
times when compared with free-text reports (9). 
Furthermore, the adoption of structured reports 
facilitates data extraction for indexing, teaching, 
and research purposes (10,11). 

Different systems have been developed for the 
standardization of liver imaging (12). The Liver 
Imaging Reporting and Data System (LI-RADS) 
is a comprehensive approach to all HCC imaging 
components, from image acquisition to interpre-
tation. LI-RADS provides a precise lexicon of 
imaging features, unambiguous diagnostic cat-
egories, and reporting templates for applying the 
system in practice. A central tenet of LI-RADS is 
standardization, which is intended to reduce in-
terpretation variability, improve communication 
between health care providers, and ultimately 
improve patient care. A standardized LI-RADS 
report is intended to clearly and concisely reflect 
the radiologist’s diagnostic impression and pro-
vides suggested management considerations (13). 
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location, when comparing free-text reports to 
LI-RADS templates. Structured reports are es-
sential for data mining, facilitating calculation of 
diagnostic performance, and pooling of data from 
different sites for multicenter studies (11). 

To our knowledge, no studies have shown det-
rimental effects of structured reports. However, 
criticisms include the risk for errors if prepopu-
lated information is not adequately removed, 
a potential loss of the big picture due to overly 
structured content, and limitations for describ-
ing more complex cases due to rigid and limited 
descriptors (22). Implementation of structured 

structured report improves clarity of communica-
tion, reduces variability in key feature descrip-
tion, and links individual observations to staging 
and treatment recommendations (19,20). Struc-
tured reports promote adherence to guidelines 
and diagnostics systems, while appropriately doc-
umenting technique (21). Finally, they encourage 
a consistent pattern for image analysis that may 
reduce diagnostic errors and potentially improve 
workflow (8,9). Flusberg et al (7) reported sig-
nificant differences in the frequencies of report-
ing important elements of HCC imaging, such 
as major features (Fig 1), observation size, and 

Table 1: Types of Radiology Reporting

Term Definition

Narrative 
reporting

Reporting of imaging information and results in narrative unstructured fashion

Synonyms include unstructured reporting and free-text reports
Standardized 

reporting
Means of streamlining the medical information content
Standard reporting is not a tool but a consensus about the content of the radiology report to 

promote uniformity when clinically implemented
Structured 

report
Reports generated using tools or processes that arrange the medical content into predefined for-

mats, consistently organized in ordered sections and containing standardized language
Structured reports can be produced through two mechanisms:
  Templated reports
  Information technology-based reports

Contextual 
report

An alternative method of structured report that is specifically focused on a disease or examina-
tion indication

Sources.—References 10, 14–18.

Table 2: LI-RADS Reporting Templates for Description of Observations (Sample A—Structured Report 
in Paragraph Format; Sample B—Explicit List of Keywords Followed by Imaging Findings)

Sample A Observation [#]: A [size] [mm/cm] observation in segment [Couinaud segment] (series [#], im-
age [#]), with [no] arterial phase hyperenhancement (APHE), [no] washout appearance, [no] 
capsule appearance, and [no] threshold growth. Ancillary features include: [none/list positive 
ancillary features]. LR-[category].

Sample B Observation #: 1/2/3/4/5

Location: Segment I/II/III/IVa/IVb/V/VI/VII/VIII
Size: [ ] 3 [ ] [mm/cm] (image # [ ], series [ ])
Tumor in Vein: [No/Yes; describe distribution and extent, and most probable etiology, if pos-

sible]
LR-M Features: [None/list all that apply, describe most likely cause)]
Nonrim APHE: [Yes/No]

Threshold Growth: [Yes/No/NA]
Washout Appearance: [Yes/No]
Capsule Appearance: [Absent/Present]
Ancillary Features:
Favoring benignity: [None/List all that apply]
Favoring malignancy: [None/List all that apply]
Overall Assessment: LI-RADS category [NC/1/2/3/4/5//TIV/M]

Source.—Reference 13.
Note.— APHE = arterial phase hyperenhancement, NA = not applicable, TIV = tumor in vein.
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reports also requires an adaptation period during 
clinical adoption, which may momentarily affect 
workflow and productivity (5).

Current Initiatives
Initiatives to promote standardization of radio-
logic terms and reports have been proposed in 
recent years. The RSNA RadLex initiative aims to 
standardize the language to communicate imag-
ing diagnostic results (23). It is a computer-based 
application that provides a comprehensive set of 
standardized radiology terms for use in radiology 
reports, decision support, data mining and data 
registries, education, and research (24). RadLex 
has already incorporated the LI-RADS lexicon.

Another RSNA initiative, in collaboration with 
the American College of Radiology (ACR), is the 
Common Data Elements (CDEs) for Radiology 
(25). This initiative defines the attributes and al-
lowable values of a unit of information (eg, radiol-
ogy report) so that information can be assembled, 
exchanged, and stored uniformly across different 
applications and institutions. In essence, a CDE 
is a predefined question and a set of allowable 
answers to that question (14). Radiology CDEs 
are indexed and cataloged in a dictionary and can 
be grouped in lists that are pertinent to particular 
applications. The RSNA and ACR have already 
incorporated LI-RADS–specific data elements.

LI-RADS CT and MRI Standardized 
Reporting

The LI-RADS CT and MRI diagnostic algorithm 
was developed to standardize the imaging diag-
nosis of HCC. It comprises a stepwise approach 
to assigning a probability of HCC (LR-1 through 
LR-5), malignancy (LR-M), or vascular-invasive 
disease or tumor in vein (LR-TIV) to liver obser-
vations at imaging. To maintain a high positive 
predictive value for the diagnosis of HCC, the 
diagnostic algorithm is restricted for applica-
tion in patients who are at high risk for HCC. A 
companion lexicon standardizes the vocabulary of 
all aspects of liver imaging. While the use of this 
lexicon is advocated for the description of liver 
observations in patients who are at risk for HCC, 
it is also encouraged for the description of liver 
observations in all patients.

When to Use LI-RADS Algorithms
The first step in LI-RADS standardized report-
ing is to identify the appropriate algorithm. To use 
LI-RADS, radiologists must first establish that the 
patient meets the LI-RADS population criteria, 
namely: cirrhosis, chronic hepatitis B infection 
even in the absence of cirrhosis, or a personal 
history of HCC. LI-RADS should not be applied 
to patients without the previously mentioned risk 

factors, patients younger than 18 years, or patients 
with congenital hepatic fibrosis or cirrhosis due to 
vascular disorders (26). Depending on the clinical 
scenario, users may apply the CT and MRI LI-
RADS diagnostic algorithm for untreated observa-
tions, the LI-RADS Treatment Response (LR-TR) 
algorithm for assessing response to local-regional 
treatment of pathologically proven or imaging-
presumed malignancies, or both if untreated and 
treated observations are present (13).

Conditional Application of LI-RADS 
Algorithms
The LI-RADS algorithms should only be applied 
in patients who are at high risk for HCC. How-
ever, it is not always known at the time of imaging 
whether a patient meets high-risk criteria. Condi-
tional application may occur when an observation 
is encountered in a patient with presumed, but un-
proven, high-risk status. The following conditional 
statement may be included in the report: “In the 
clinical setting of cirrhosis or chronic hepatitis B, 
this observation meets the criteria for LR-5 (defi-
nitely HCC)” (13). Figure 2 illustrates conditional 
LI-RADS application. In these circumstances, 
the algorithms are followed as usual, but the final 
category is provisional until applicability can be 
confirmed (ie, risk status established or treatment 
history acquired).

When to Use the LI-RADS Lexicon
The LI-RADS lexicon is available on the ACR 
website, and it is currently undergoing fur-
ther review and refinements (27). The lexicon 
standardizes the language of all aspects of liver 
imaging, including when the LI-RADS algo-
rithm is not applicable. LI-RADS lexicon terms 
are labeled as “LI-RADS specific” or “broad 
use.” LI-RADS–specific terms are used solely 
in the context of LI-RADS, such as “threshold 
growth,” and may not be useful in a broader 
context. Terms identified for broad use may be 
applied to any liver imaging study performed for 
any indication. These lexicon terms can be ad-
opted to enable precise and consistent reporting 
of liver phases, anatomy, and observations.

LI-RADS Templated Report
The elements comprising a LI-RADS tem-
plated report are clinical indication and history, 
comparison examinations, technique, findings, 
and impression sections (Table E1). The details 
suggested by LI-RADS for each of the reporting 
elements are described here.

Clinical History and Indication
In addition to a standard history, it is important 
to report the basis by which the patient meets the 
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Figure 1.  Axial MR images obtained before and after contrast material injection in late arterial, portal venous, and delayed phases 
in a 64-year-old man with hepatitis C cirrhosis show LI-RADS major features for HCC diagnosis: observation size, arterial phase hyper-
enhancement (arrowheads), capsule (white arrows), and washout (black arrow).

Figure 2.  Axial contrast-enhanced CT images obtained in late arterial, portal venous, and delayed phases in a 60-year-old woman 
with an unknown medical history. If risk factors are likely present but not established, LI-RADS may be applied conditionally. Imaging 
findings can be described as follows: There is a 25-mm observation (arrows) with nonrim arterial phase hyperenhancement (APHE) 
and nonperipheral washout appearance in segment VII. An enhancing capsule is also noted. In the clinical setting of cirrhosis or 
chronic hepatitis B, this meets the criteria for LR-5 (definitely HCC).

inclusion criteria for the LI-RADS population 
(13). Treatment history and pathologic results 
should also be included, if applicable.

Comparison Examinations
Prior examination modality and date are essential 
elements to include for prior studies. Patients 
with HCC frequently undergo many prior exami-
nations with different modalities and, in some 
instances, have a complex treatment history.

The longitudinal review of imaging studies 
is important for assessing the initial category 
and T stage, as well as for assigning individual 
diagnostic or treatment response categories. For 
instance, threshold growth, defined as an increase 
in the size of the mass by 50% or more within 6 
months, is a major feature of HCC. Subthreshold 
growth is an ancillary feature favoring malig-
nancy, and spontaneous resolution or size stabil-
ity after 2 years or longer is an ancillary feature 
favoring benignity. We recommend congruency 
of measurement methodology (plane, orienta-
tion, image phase, or sequence) between exami-
nations to avoid the risk of misinterpretation of 
size change due to technical differences. It is also 
recommended that the pretreatment images for 
each observation be evaluated to establish the 

pretreatment characteristics such as size and en-
hancement pattern, which are essential factors for 
accurately assigning the LR-TR category.

Technique
The description of type (eg, iodinated CT con-
trast material, extracellular or hepatobiliary MRI 
gadolinium-based contrast agent) and amount of 
contrast material is recommended and might be 
required for insurance reimbursement purposes. 
When subtraction images are used to assess arte-
rial phase hyperenhancement (APHE) or washout, 
this may be described in the technique section.

While not needed for diagnostic interpretation, 
reporting parameters like field strength and injec-
tion rate may be useful for data mining for future 
research studies. As a memory aid, reporting the 
protocol and imaging phases can also be a good 
opportunity to verify if the examination is techni-
cally adequate and meets minimum LI-RADS 
requirements and recommendations (28). If the 
LI-RADS technical requirements are not met, 
clarifying the reason for inadequacy and how it af-
fected the analysis in the report is recommended. 
Examples include omission of contrast enhance-
ment phases, inadequate coverage, or suboptimal 
protocol.
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Findings

Examination Limitations Related to Patient 
Factors.—While limitations in acquisition are 
described in the technique section of the report, 
limitations related to patient factors are best 
described in the findings section of the report. 
Examples include substantial image degradation 
due to motion or artifacts related to implanted 
metal, extensive liver iron or fat, or large-volume 
ascites. While these issues may limit diagnostic 
confidence, it may still be possible to provide a 
final diagnostic category (eg, if targetoid appear-
ance is demonstrated on any of the obtained 
images) or to narrow the range of potential 
categories. If technical factors or image omis-
sions prevent narrowing of the range of potential 
diagnostic categories (ie, determination between 
LR-1 and LR-2 or between LR-4 and LR-5 is not 
possible), an LR-NC (not categorizable) category 
should be assigned, individually or in aggregate. 
In that case, short-term (ie, ≤3 months) repeat 
or alternative diagnostic imaging or contrast-
enhanced imaging may be recommended.

Background Liver Findings.—Background liver 
findings potentially inform the severity of liver 
disease and may impact treatment options. When 
available, quantitative techniques such as liver 
stiffness as a biomarker of liver fibrosis or pro-
ton density fat fraction as a biomarker of liver 
steatosis can help further describe background 
liver alterations. Background liver alterations may 
also impact application of LI-RADS major and 
ancillary features. For example, reporting the 
presence of background steatosis or iron overload 
may be relevant, especially when category adjust-
ments are made by relying on ancillary features. 
If a patient has undergone a hepatectomy or liver 
transplant, a description of postsurgical changes 
should be included.

Vascular and Biliary Anatomy.—Description of 
the vascular and biliary anatomy is important in 
several clinical settings. In pretransplant evalua-
tion, anatomic variants may influence the choice 
of surgical technique and determine surgical 
eligibility. In patients who have undergone trans-
plant, an evaluation of anastomotic patency is 
required to help detect complications.

The description of venous patency is important 
in patients with chronic liver disease and those 
at risk for HCC because of the high risk of vessel 
occlusions. If vessels are occluded, the report 
should include a description of the involved 
vessels, type of occlusion (bland thrombosis or 
tumor in vein [TIV]), and presence of cavernous 
transformation. The patency of arterial and ve-

nous anastomoses is an important element of the 
report in patients who have undergone transplant. 
Hepatic arterial anatomic variants should also be 
described, particularly in patients who are candi-
dates for liver transplant or transarterial therapies.

Biliary findings such as focal or diffuse ductal 
dilatation, causes of ductal dilatation (if discern-
ible), and gallbladder abnormalities should be 
reported. Similar to the vascular anatomy, bili-
ary anatomic variants in transplant candidates 
and the patency of biliary anastomoses in the 
posttransplant setting are important reporting 
elements.

Observations.—In LI-RADS, the term observa-
tion refers to an area with an imaging appear-
ance that is distinctive from the background 
liver. It may consist of a pseudolesion or a true 
lesion, with the latter either malignant or benign 
and of hepatocellular or nonhepatocellular 
origin (26). When multiple observations are de-
tected, a decision must be made to report them 
individually, in aggregate, or as a combination 
of the two, depending on clinical context and 
observation category. Descriptors of individual 
observations are listed below. Recommendations 
on how to report observations in aggregate are 
discussed later in the text.

The recommended descriptors for LI-RADS 
untreated observations include a unique identi-
fier (ie, observation 1); location; major features, 
including size and growth; ancillary features (if 
applied); comparison with prior imaging, if avail-
able; and final LI-RADS category.

Figure 3 provides an example of recommended 
descriptors with two sample LI-RADS report 
templates. The inclusion of unique lesion identi-
fiers and series and image numbers and saving of 
key images help to facilitate longitudinal follow-
up and multidisciplinary discussions (Fig 4). To 
facilitate longitudinal follow-up, the unique lesion 
identifier should remain unchanged over time (eg, 
an observation assigned identifier 1 should remain 
observation 1 on all subsequent studies, even if 
treated or resolved). Reporting the Couinaud seg-
ment and additional anatomic information such 
as the subcapsular location or proximity to vessels 
informs percutaneous or surgical approaches. 

Size measurement should be performed with 
the imaging sequence or in the phase where the 
observation is most conspicuous, preferably in 
the axial plane. Measurements on diffusion-
weighted images should be avoided because of 
image distortion (26). The measurements should 
be made from the outer edge to the outer edge, 
including the capsule, when present. On the basis 
of expert consensus, LI-RADS recommends 
against measuring in the arterial phase because 
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of concerns related to the variability of mea-
surements in this vascular phase, although one 
recent publication suggests that the variability in 
this phase is no different than on other postcon-
trast images (29). The other major and ancillary 
features considered for categorization are briefly 
described, followed by the individual observation 
LI-RADS category.

Reporting LR-M and LR-TIV merits special 
consideration and is discussed further later.

When pathologically proven observations 
are present, radiologists are instructed to report 
the observation and imaging features, but with 
the histologic diagnosis rather than a LI-RADS 
category. However, if the observation is deemed 
to be a precursor to a hepatocellular lesion (eg, 
dysplastic nodule) at histopathologic assessment, 
then both histologic diagnosis and LI-RADS 
category should be reported, as the change in 
category may signal progression.

The recommended descriptors for LI-RADS 
treated observations include a unique identifier 
(ie, observation 1); location; LR-TR features of 
viability; size of equivocal or viable tumor; final 
LR-TR category; and reference to treatment and 
comparison with prior imaging, if available.

Three LR-TR categories are assigned: LR-TR 
nonviable, LR-TR equivocal, or LR-TR viable. 
Each treated observation should be reported 
individually with the response category and the 
size of the viable or equivocal component, when 
applicable. The size measurement should be 
across the largest enhancing area and not travers-
ing nonviable tumor (30). Figure 5 shows the 
LI-RADS treatment response algorithm with an 

example, illustrating how an LR-TR viable or LR-
TR equivocal observation should be measured. 
Reporting of the posttreatment cavity size of non-
viable observations is not mandatory but might be 
recommended per some institutions. When refer-
encing prior images, the inclusion of the treatment 
modality, pretreatment LI-RADS category, and 
pretreatment size provides a more comprehensive 
context for assessment of response.

LI-RADS Reporting Templates for Observa-
tions.—Table 2 shows two recommended LI-
RADS reporting templates for the description 
of individual observations (13). The paragraph 
format example consists of structured text in a 
single continuous paragraph with a description of 
observation size, units of measurements, Couin-
aud segment, series number, image number, ex-
plicit description of presence or absence of major 
imaging features (APHE, washout appearance, 
capsule appearance, and threshold growth), list of 
ancillary features present, and LR category.

The structured report example presents the 
same information but uses an explicit list of 
keywords followed by imaging findings. Concep-
tually, keywords can be thought of as predefined 
questions and findings as a set of allowable 
answers to these questions. This template was 
designed to adopt the common data elements 
framework described by Rubin and Kahn (14). 
For example, the location keyword corresponds 
to text and has a set of allowable answers from 
segments I to VIII. The observation size is a 
number, reported in millimeters or centimeters, 
and can only take positive values.

Figure 3.  Sample structured re-
ports with key images. (a) Axial 
precontrast and contrast-en-
hanced MR images in a 55-year-
old man depict hepatitis C cirrho-
sis. (b) Two samples of structured 
reports for a focal observation are 
provided: structured text in a single 
continuous paragraph (left), and 
a structured report with keywords 
and findings (right). HBP = hepato-
biliary phase, N/A = not applicable.
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Extrahepatic Findings.—Extrahepatic findings 
relevant to the clinical context include imaging 
signs of portal hypertension (eg, ascites, porto-
systemic shunts, spleen size), extrahepatic me-
tastasis, or other primary abdominal neoplasms, 
which help to stratify risk and define treatment 
in patients with end-stage liver disease.

Impression

Observation Assessment.—It is preferred to 
list the observations in order of identifiers, and 
these should remain the same on all subse-
quent studies. If multifocal disease is suspected, 
describing observations in aggregate rather 
than listing them individually may provide a 
clearer picture of tumor burden, as discussed 
later. Likewise, LR categories may not be ap-
plied if a better description fits, such as report-
ing a hemangioma instead of an LR-1 or LR-2 
observation.

In some practices, particularly in centers that 
offer multidisciplinary management or liver 
transplantation for HCC, listing observations 
fulfilling Organ Procurement and Transplanta-
tion Network (OPTN) criteria for definite HCC 
and the radiologic T stage is preferred to inform 
patient treatment and transplant eligibility (31).

T Stage Assessment.—Radiologic T stage is 
based on the number and size of definite HCCs 
(LR-5 or OPTN 5). Initial T stage reflects the 
tumor burden for untreated HCC, whereas 
downstaged or posttreatment T stage reflects 
the tumor burden of residual viable tumor after 
treatment. T2 stage is of particular importance 
for transplant purposes and is discussed later.

Management Recommendations.—Management 
recommendations help guide the referring physi-
cian, particularly when imaging follow-up or ad-
ditional diagnostic workup is needed. LI-RADS 
provides recommendations tailored to each 

category (2,32). When biopsy is recommended, 
a rationale should be provided. Examples of sen-
tences that reflect this rationale include “Biopsy 
may be necessary to distinguish between HCC 
and [another entity.]” and “...probably HCC. 
To establish a definite diagnosis, biopsy may be 
considered” (32).

Reporting LI-RADS M Observations
An important category to ensure the specific-
ity of the LI-RADS algorithm for HCC is the 
LR-M category. This category has high sensitivity 
for malignancy in general, including some atypi-
cal HCCs (33). Therefore, management recom-
mendations for LR-M include multidisciplinary 
discussion and additional diagnostic workup. 
Descriptors for LR-M observations follow the 
same recommendations as for other categories. 
Major features of HCC may be present, although 
the dominant imaging criteria for LR-M include 
targetoid appearance, marked restricted diffusion, 
extensive necrosis, or other features that in the 
radiologist’s judgment suggest a malignancy other 
than HCC. When reporting an LR-M observation, 
radiologists are encouraged to include the most 
likely etiology, if possible (Fig 6). It is estimated 
that 36% of LR-M observations are HCCs (34). 
Imaging features that may suggest hepatocellular 
origin include fat in mass, iron in mass, blood 
products in mass, nodule-in-nodule architecture, 
mosaic architecture, intrinsic T1 hyperintensity, 
and hepatobiliary phase (HBP) hyperintensity (if 
applicable). Observations with a targetoid appear-
ance in patients who meet the LI-RADS popula-
tion criteria are likely to represent intrahepatic 
cholangiocarcinomas, although combined tumors 
and HCCs can also have this imaging appearance.

Reporting TIV
Determining vascular invasion is one of the first 
steps in the LI-RADS diagnostic decision tree. To 
assign TIV, the unequivocal presence of enhanc-
ing soft tissue in a vein, regardless of the presence 

Figure 4.  Axial contrast-enhanced CT images obtained in the hepatobiliary phase as a base-
line image, at 6 months, and at 12 months in a 66-year-old man with hepatitis C cirrhosis. Two 
observations (arrows #1, #2) are seen in segment 8 in the baseline image and in the 6-month 
image. A new observation (arrow #3) is seen in segment IVa in the 12-month follow-up image. 
The use of consistent identification numbers facilitates longitudinal monitoring.
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of a parenchymal mass, is required (13). Imag-
ing features suggestive of vascular invasion (ie, 
occluded vein with ill-defined walls or restricted 
diffusion or in contiguity with a malignant pa-
renchymal mass; or heterogeneous vein enhance-
ment not attributable to artifact) may also be 
reported along with suspicion of possible vascular 
invasion. Most LR-TIV in patients at risk is asso-
ciated with HCC. However, intrahepatic chol-
angiocarcinomas (iCCs), biphenotypic tumors 
(combined hepatocellular cholangiocarcinoma 
[cHCC-CCA]), or other malignancies may also 
manifest with TIV. Radiologists are encouraged 
to include in the report the most probable etiol-
ogy (35). CT and MRI LI-RADS version 2018 
provides guidance on how to report TIV and the 
probable etiology on the basis of imaging features 
of an adjacent mass when present (Figs 6, 7) 
(13). Finally, the distribution and extent of the 
TIV should always be included in the report.

Reporting Observations in Aggregate
Multiple observations can be described indi-
vidually, in aggregate, or by using a combina-
tion of the two, depending on the number of 
observations and the LI-RADS category (Fig 7). 
The choice of describing individual or aggregate 
observations is left to the radiologist’s judg-

ment, with recommendation for the option that 
provides the greatest clarity.

LI-RADS recommends that up to five of the 
highest-categorized observations (LR-4, LR-5, 
LR-TR, and LR-M) are reported individually 
(13). Exceptions include more than five treated 
observations with varying degrees of response, 
for individual planning of additional therapy and 
restaging purposes. When more than five observa-
tions are present, care should be taken to pre-
serve the big picture. It may be best to report in 
aggregate (eg, multiple individual LR-4 observa-
tions that, in aggregate, are likely to represent 
multifocal HCC). LR-3 observations can be 
reported in aggregate or individually. Multiple 
benign observations should not be reported indi-
vidually as a general rule, to avoid a lengthy and 
confusing report. However, reporting of LR-1 
and LR-2 observations individually may be ap-
propriate if they correspond to lesions identified 
at screening US or if there is concern that they 
may mimic malignancy.

LI-RADS favors the term widespread disease to 
refer to numerous focal lesions, infiltrative disease 
with or without TIV, or the coexistence of both 
(Figs 8, 9) (13). When numerous focal or diffuse 
observations are interpreted in aggregate as malig-
nant, it should be considered widespread disease 

Figure 5.  LI-RADS treatment response algorithm. (a) LI-RADS treatment response algorithm shows the categorization of treated 
observations. (Reprinted, with permission, from reference 13.) (b) Axial MR image demonstrates how the measurement (double-
headed arrow) across the enhancing component (LR-TR viable) should not traverse nonviable tumor. (c) Two samples of standardized 
reports show how a treated observation is described, either as structured text in a single continuous paragraph (left) or as a structured 
report with keywords and findings (right). 
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and reported accordingly (Fig 10). Reporting 
them individually may be burdensome to radiolo-
gists as well as overwhelming and confusing for re-
ferring physicians, with little advantage to patient 
care. Widespread disease should be reported in ag-
gregate, indicating the presence of widespread dis-
ease, and include, if applicable, the size, features, 
and LI-RADS category of one or two of the largest 
or index observations, along with a description of 

the segmental distribution and other findings that 
are relevant to patient treatment.

Reporting in Specific Clinical Scenarios

Patients Considered for Liver Transplant in 
the United States
In Western societies, liver cirrhosis is the main 
risk factor for HCC development, and because of 

Figure 6.  Reporting flow dia-
gram demonstrates how to report 
the most likely etiology of disease.  
The diagram is not exhaustive. It 
addresses only the more common 
diagnostic considerations encoun-
tered in patients at risk of HCC. 
cHCC-CCA = combined hepatocel-
lular-cholangiocarcinoma, iCCA = 
intrahepatic cholangiocarcinoma. 
*Imaging features suggestive of 
hepatocellular origin include fat in 
mass, iron in mass, blood products 
in mass, nodule-in-nodule archi-
tecture, mosaic architecture, in-
trinsic T1 hyperintensity, and HBP 
hyperintensity (if applicable).

Figure 7.  Reporting 
multiple observations. 
(a) Report observa-
tions individually, in 
aggregate, or by using 
a combination of the 
two, depending on the 
number of observations 
and their LI-RADS cat-
egories. (b) In general, 
widespread disease, 
TIV, and lower-category 
observations should be 
reported in aggregate.
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associated poor liver function, liver transplant is 
often the only curative option (36). In the United 
States, the OPTN is the national organization that 
regulates and assures the fair distribution of organs 
across the country (36).

Patients with HCC may receive priority on 
the transplant waitlist if their disease is within 
the Milan criteria (ie, T2 radiologic stage), 
with exception points added to their Model for 
End-stage Liver Disease (MELD) score (37). 
Therefore, it is important to convert LI-RADS 
categories to the corresponding OPTN classes 
in reports for a transplant candidate, in addi-
tion to explicitly describing the observations 
contributing to T staging (Figs 11, 12). Table 
3 describes the radiologic (United Network for 
Organ Sharing [UNOS] and OPTN) T-staging 
system (31,36,38). Currently, OPTN allows 
exception point allocation for patients with T2- 
stage disease or greater either before therapy 
or after therapy, as long as they were initially 
within University of California, San Francisco 
(UCSF) criteria (39,40). It is important to note 
that for OPTN, only definitely HCC (OPTN-5) 
can be considered for transplant after downstag-

ing. Reporting pre- and posttreatment measure-
ments allows an estimation of the percentage of 
response and is of utmost importance in patients 
undergoing local-regional therapies as a bridge 
for transplant for restaging purposes.

OPTN designates treated OPTN-5 lesions 
as OPTN-5T, with the letter T indicating that 
treatment has been performed, but not assessing 
viability. Thus, there are no OPTN classes anal-
ogous to LR-TR categories. Although assessing 
tumor viability might be more informative for 
staging purposes, it remains unclear if TR-equiv-
ocal observations are routinely counted toward 
T staging for listing (38).

Currently, OPTN and LI-RADS diagnostic 
criteria for definite HCC are nearly identical, 
except for observations measuring 10–19 mm with 
APHE and nonperipheral washout but without an 
enhancing capsule. According to LI-RADS, these 
are assigned an LR-5 category (definitely HCC). 
For OPTN, these observations do not fulfill crite-
ria for definite HCC and hence do not contribute 
to OPTN T staging. OPTN uses the qualifier g 
to indicate HCC diagnosis on the basis of growth 
(ie, ≥10 mm with APHE and threshold growth 

Figure 9.  Axial contrast-en-
hanced CT images obtained in late 
arterial, portal venous, and delayed 
phases in a 64-year-old man with 
chronic hepatitis C cirrhosis and 
widespread disease show the co-
existence of arterial phase hyper-
enhancement and subtle washout 
appearance of infiltrative disease 
(*) and multiple focal observations 
(arrows).

Figure 8.  Schematic 
representation of wide-
spread disease. Wide-
spread disease refers to 
numerous focal lesions, 
infiltrative disease, or 
the coexistence of both. 
When multiple observa-
tions are interpreted in 
aggregate as malignant, 
it should be considered 
widespread disease.
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equals OPTN class 5-g) and X for HCCs that are 
larger than 5 cm in diameter (ie, OPTN class 5X). 
LIRADS does not use qualifiers. LR-4 and LR-M 
observations do not contribute to OPTN staging 
or MELD exception points. Nevertheless, they 
should be included in the report because of the 
high likelihood of representing HCC and malig-
nancy. LR-TIV observations and extrahepatic 
disease contribute to overall T stage and transplant 
eligibility and must be reported clearly.

Patients Considered for Hepatic 
Resection
In patients considered for tumor resection, ad-
ditional information should be included. De-
scription of the biliary and vascular anatomy is 
critical. A description of the tumor location rela-
tive to major hepatic veins and biliary structures, 
distance to the liver capsule, and contact with 
adjacent organs is helpful for adequate surgical 
planning (41). A description of the background 
liver and presence of portal hypertension may 
help to assess the future liver remnant.

In some institutions, liver volumetry is per-
formed preoperatively, with schematics of the 
resection line and segmental or sectorial volumes 
inserted in the report (42). Radiologists working 
in centers where liver resections are performed are 
encouraged to become familiar with and include 
in their report descriptions of procedures aiming 
to increase the function and size of the future liver 

remnant such as portal vein embolization, portal 
vein ligation, and associated liver partition and 
portal vein ligation for staged hepatectomy.

Patients with Observations Treated with 
Radiation-based Therapies
Radiation therapies (eg, radioembolization and 
stereotactic body radiation therapy [SBRT]) may 
result in periobservation signal alterations or per-
fusional abnormalities that challenge the ability to 
evaluate tumor viability. These radiation-induced 
injuries may resemble or obscure tumor enhance-
ment and may evolve for months after treatment, 
with some risk for false-positive or false-negative 
assessment of viability (43,44). This pitfall is 
particularly relevant when treated areas demon-
strate APHE lasting several months after treatment, 
even in successfully treated HCCs (44). Although 
the current LR-TR algorithm does not specifically 
address these changes, when unsure, radiologists 
should choose the category reflecting lower cer-
tainty; that is, LR-TR equivocal (13). Future refine-
ments in the LR-TR algorithm should consider the 
challenges associated with radiation-based therapies 
in the assessment of response to treatment.

Patients with Observations Treated with 
Systemic Therapies
LI-RADS does not currently provide an al-
gorithm for assessing response to systemic 
therapies. When reporting response to systemic 

Figure 10.  Reporting numerous focal observations. (a) Axial contrast-enhanced MR images obtained in late arterial, portal venous, 
delayed, and diffusion-weighted (b = 800 sec/mm2) phases in a 58-year-old man with chronic hepatitis B cirrhosis depict numerous 
focal observations throughout the liver parenchyma. (b) Two samples of structured reports for widespread disease demonstrate re-
porting as structured text in a single continuous paragraph (left) and as a structured report with keywords and findings (right). N/A = 
not applicable.
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Figure 11.  LI-RADS categories that count toward T staging for OPTN are pathologically proven HCCs, 
most LR-5 observations, LR-TR viable observations, and LR-TIV. LI-RADS categories that do not count 
toward T staging for OPTN are LR-3, LR-4, LR-M, LR-5 (if there are 10–19-mm observations with APHE 
and nonperipheral washout but without an enhancing capsule, or threshold growth [TG] ), and LR-TIV if 
due to other malignancies. 

therapy, radiologists may adopt different criteria 
(eg, modified Response Evaluation Criteria in 
Solid Tumors [RECIST]) following individual 
or institutional preferences. Caution should be 
exercised when applying LR-TR algorithms 
in patients who have undergone local-regional 
therapy in conjunction with systemic therapies, 
since concomitant systemic therapies may result 
in an unusual posttreatment appearance.

Future Directions
For structured reports to be incorporated in 
daily practice, the means to deploy structured 
reports need to be available and fully integrated 
into dictation or reporting tools. Natural lan-
guage processing (NLP) applications offer the 
possibility of converting unstructured text or 
dictations into structured outputs and, there-
fore, facilitating the adoption of structured 
reports in clinical practice. These tools can also 
assess quality and perform diagnostic surveil-
lance, as well as perform semantic analysis on 
the outputs by identifying ontology relations to 

assure that these are populated with standard-
ized language (ie, lexicon) (45).

Other information technology–based reporting 
tools are also under development to facilitate and 
explore the benefits of structured radiology reports. 
ACR Assist, a collection of CDE modules, is under 
development, and the LI-RADS Assist module, 
finalized in 2019, is being currently tested in a 
clinical environment. The LI-RADS Assist module 
has been developed in collaboration with the ACR 
programmers and the members of the LI-RADS 
steering committee and has been rigorously tested 
and validated to faithfully capture the LI-RADS 
CT and MRI diagnostic and treatment response 
algorithms. This schema is to be integrated by the 
commercial vendors into their dictation software, 
allowing radiologists to input the predefined data 
elements (eg, observation location, size, major fea-
tures, and LR-M features) for the schema to assign 
the correct LI-RADS category while generating a 
comprehensive standardized report (46). 

Further, the input of the prescribed data 
elements may be simplified by incorporation of 

Figure 12.  Reporting flow dia-
gram shows how to report obser-
vations in patients who are candi-
dates for transplant in the United 
States.



RG  •  Volume 41  Number 5	 Cunha et al  1365

NLP software for extraction of all required data 
elements from free dictation, with the radiolo-
gist being prompted by the software for missing 
data elements, if needed. The implementation of 
LI-RADS Assist across multiple institutions and 
diverse clinical practice settings will likely result 
in the collection of comprehensive geographically 
and practice-diverse data, which can be used for 
LI-RADS validation and refinement, quality as-
surance, registry development, and research. 

We also expect that wide implementation of 
the ACR Assist module will aid in utilization of 
LI-RADS in busy clinical practices, particularly in 
nonacademic centers, while improving adherence 
to management guidelines (47). To this day, a mas-
sive amount of clinical data are still underutilized, 
as most are contained in unstructured free-text 
reports. The implementation of the CDE schema 
and structured reports in multiple institutions and 
in various clinical practice settings will allow col-
lection of uniformly curated data over time, which 
can be used for quality assurance, data collection, 
and development of large registries. These large 
labeled clinical datasets will certainly increase the 
capability of training and fine-tune artificial intel-
ligence–based algorithms to aid radiologists during 
image analysis, reporting, and overall patient care.

Conclusion
As HCC diagnosis and treatment are to a large 
extent determined by imaging, it is essential that 
radiology reports clearly and consistently inform 
stakeholders involved in the care of patients who are 

at risk for HCC. Standardized LI-RADS reports 
are designed to provide all necessary information 
to guide treatment decisions that are tailored to 
individual patients’ needs. This article provides 
general guidance on the usage of LI-RADS stan-
dardized reporting to describe imaging findings in 
patients who are at risk, highlighting relevant imag-
ing findings and components to be included when 
reporting specific clinical scenarios. Radiologists 
should leverage or adapt the sections and elements 
described in this article to suit the requirements of 
their referrers, practices, and institutions, as well as 
regional or societal preferences.
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Table 3: Radiologic T Staging System for HCC

HCC  
T Stage

OPTN Diagnostic Criteria* or  
Pathologically Proven HCC

LI-RADS Diagnostic Criteria† or  
Pathologically Proven HCC

0 No HCC Same
1 One HCC <20 mm Similar, with a caveat: LR-5 ≥10 mm and <20 mm with 

APHE and washout but without a capsule does not 
count toward OPTN stage

2 One HCC ≥20 mm and ≤50 mm, or two 
or three HCCs ≤30 mm

Same

3 One HCC >50 mm; or two or three 
HCCs, one at least >30 mm

Same

4a Four or more HCCs, regardless of size Same
4b Extrahepatic disease or vascular invasion Extrahepatic disease or LR-TIV due to HCC

Sources.—References 31, 36, and 38.
*OPTN diagnostic criteria for class 5 (definite HCC) are as follows. Class 5A: ≥10 mm and <20 mm with 
APHE with washout and capsule. Class 5A-g: ≥10 mm and <20 mm with APHE and growth >50% in ≤6 
months. Class 5B: ≥20 mm and ≤50 mm with APHE and washout or capsule. Class 5B-g: ≥20 mm and ≤50 mm 
with APHE and growth >50% in ≤6 months. Class 5T: treated lesions meeting OPTN class 5 criteria before 
treatment. Class 5X: maximum diameter ≥5 cm (beyond acceptable size for transplant).
†LI-RADS diagnostic criteria for LR-5 (definite HCC): ≥10 mm and <20 mm with APHE and washout; or ≥10 
mm and <20 mm with APHE and at least two of the following: washout, capsule, or threshold growth (growth 
>50% in ≤6 months); or ≥20 mm with APHE and at least one of the following: washout, capsule, or threshold 
growth (growth >50% in ≤6 months).
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