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Abstract

Objectives To establish inter-reader reliability of CT Liver Imaging Reporting and Data System (LI-RADS) and explore factors

that affect it.

Methods MEDLINE and EMBASE databases were searched from January 2014 to March 2020 to identify original articles

reporting the inter-reader reliability of CT LI-RADS. The imaging analysis methodology of each study was identified, and pooled

intraclass correlation coefficient (ICC) or kappa values (k) were calculated for lesion size, major features (arterial-phase

hyperenhancement [APHE], nonperipheral washout [WO], and enhancing capsule [EC]), and LI-RADS categorization (LR)

using random-effects models. Subgroup analyses of pooled k were performed for the number of readers, average reader expe-

rience, differences in reader experience, and LI-RADS version.

Results In the 12 included studies, the pooled ICC or k of lesion size, APHE, WO, EC, and LR were 0.99 (0.96—1.00), 0.69

(0.58-0.81), 0.67 (0.53-0.82), 0.65 (0.54-0.76), and 0.70 (0.59-0.82), respectively. The experience and number of readers

varied: studies using readers with > 10 years of experience showed significantly higher  for LR (0.82 vs. 0.45, p = 0.01) than

those with < 10 years of reader experience. Studies with multiple readers including inexperienced readers showed significantly

lower k for APHE (0.55 vs. 0.76, p = 0.04) and LR (0.45 vs. 0.79, p = 0.02) than those with all experienced readers.

Conclusions CT LI-RADS showed substantial inter-reader reliability for major features and LR. Inter-reader reliability differed

significantly according to average reader experience and differences in reader experience. Reported results for inter-reader

reliability of CT LI-RADS should be understood with consideration of the imaging analysis methodology.

Key Points

* The CT Liver Imaging Reporting and Data System (LI-RADS) provides substantial inter-reader reliability for three major
features and category assignment.

* The imaging analysis methodology varied across studies.

* The inter-reader reliability of CT LI-RADS differed significantly according to the average reader experience and the difference
in reader experience.
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Abbreviations

APHE Arterial-phase hyperenhancement

CI Confidence interval

EC Enhancing capsule

HCC Hepatocellular carcinoma

ICC Intraclass correlation coefficient

LI-RADS Liver Imaging Reporting and Data System
WO Nonperipheral washout

Introduction

The Liver Imaging Reporting and Data System (LI-RADS) was
introduced in 2011 [1] and recently updated in 2018 to stan-
dardize the performance of liver imaging in patients at risk for
hepatocellular carcinoma (HCC) [2, 3]. LI-RADS provides a
standardized lexicon for imaging features of HCC, as well as
criteria for ordinal categories (i.e., LR-1 to LR-5, according to
the likelihood of benignity or HCC). Unlike other malignant
tumors, HCC in patients at risk can be diagnosed noninvasively
on the basis of imaging features on dynamic CT or MRI, with-
out mandatory pathologic confirmation [4]. It is therefore very
important to standardize the imaging diagnosis of HCC [5].

Given the wide adoption of LI-RADS in research and
clinical practice, extensive evaluation of the diagnostic ac-
curacy of LI-RADS has been reported [6—8], but variable
imaging protocols and the lack of using standardized lex-
icon may challenge the synthesis of solid evidence [9]. A
recent multi-center, multi-reader study found that CT LI-
RADS demonstrated substantial to almost perfect inter-
reader reliability, with intraclass correlation coefficients
(ICCs) of 0.67 for LI-RADS category assignment and
0.79 to 0.86 for major features [9]. In addition, this previ-
ous study showed that the inter-reader reliability of LI-
RADS was not significantly affected by LI-RADS famil-
iarity or years of experience [9]. Although this multi-cen-
ter, multi-reader study determined the inter-reader reliabil-
ity for CT LI-RADS, variable results for inter-reader reli-
ability of CT LI-RADS have been reported after this study
[10-13], with kappa values (x) for LI-RADS category as-
signment ranging from 0.44 to 0.90.

Recently, a meta-analysis of inter-reader reliability of
MRI LI-RADS has been published, reporting overall sub-
stantial agreement [14]. However, that of CT LI-RADS has
not yet been done. Considering the fact that discrepancy
rates in imaging tests can be influenced by various imaging
analysis factors, as well as reader characteristics [15, 16],
we hypothesized that differences in imaging analysis meth-
odology between each study might be partly responsible
for these heterogeneous results for the inter-reader reliabil-
ity of CT LI-RADS. Therefore, we aimed to establish inter-

reader reliability of CT LI-RADS and explore factors that
affect it.

Materials and methods

This study was conducted and reported according to the
guidelines for Meta-analysis of Observational Studies in
Epidemiology [17] and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses [18, 19].

Literature search

A systematic search was performed in MEDLINE and
EMBASE databases to find original studies reporting the
inter-reader reliability of LI-RADS categorizations and major
imaging features of LI-RADS for the diagnosis of HCC using
CT. The search query was developed to provide a sensitive
search of potentially eligible articles (Supplementary Table 1).
The search was performed for articles published from January
2014, to include original studies using LI-RADS v2014 or
later versions of LI-RADS. The literature search was updated
until March 2020. The search was limited to studies published
in English and those involving human subjects. The bibliog-
raphies of the included articles were also screened to expand
the scope of the search and to prevent other potentially rele-
vant studies from being omitted.

Eligibility criteria

Studies were included when all of the following criteria were
met: (a) population—patients at risk for HCC with a focal ob-
servation, i.e., adult patients with cirrhosis or chronic viral hep-
atitis [20]; (b) index test—dynamic contrast-enhanced CT; (c)
comparator—no requirements; (d) outcome—inter-reader reli-
ability of major imaging features and LI-RADS categorization;,
and (e) study design—any type of study including observation-
al studies and clinical trials. Studies were excluded when any of
the following criteria were met: (a) case reports, meta-analyses,
review articles, letters, comments, and conference abstracts; (b)
studies with overlapping patient cohorts and data; (c) studies
not related to the field of interest of this study; and (d) studies
with insufficient data to determine inter-reader reliability.
Studies were independently screened by two reviewers using
their titles and abstracts according to the inclusion and exclu-
sion criteria. After exclusion of ineligible studies, we performed
a full-text review of the remaining potentially eligible studies. If
any disagreement was present between the two reviewers, the
studies were re-evaluated at a consensus meeting.
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Data extraction

Using predefined data forms, the following data were extracted
from the included studies: (a) study characteristics—author,
year of publication, publishing country, study design, study
type, and subject enrollment method; (b) demographic and clin-
ical characteristics—number of patients, patients’ age, number,
and type of lesions, and type of reference standard; (c) CT
techniques—number of detectors, multiphase sequence, and
slice thickness; (d) methodology of imaging analysis—
number of readers, experience of each reader, difference in
reader experience, independent review, clarity of blinding to
reference standard in the review, and version of LI-RADS used;
and (e) study outcomes—inter-reader reliability according to
lesion size, major features (arterial-phase hyperenhancement
[APHE], nonperipheral washout [WO], and enhancing capsule
[EC]), and LI-RADS categorization. To determine inter-reader
reliability, the ICCs for continuous variables and « for categor-
ical variables with standard errors were extracted for each major
feature and LI-RADS categorization. Data extraction was per-
formed independently by the two reviewers, and any discrepan-
cies between them were resolved at a consensus meeting.

Quality assessment

Study quality was assessed using the Guidelines for Reporting
Reliability and Agreement studies [21]. Important elements
included the following seven domains: descriptions of the
index test (CT techniques), study subjects (recruitment
methods and demographic characteristics), readers (number
and experience level), reading process (availability of clinical
information and independent review), clarity of the blinding
review, statistical analysis, and actual number of subjects and
observations. Each category was scored as high quality if it
was described in sufficient detail in the article with no poten-
tial bias. The study quality was assessed independently by the
two reviewers, with any discrepancies between them being
resolved at a consensus meeting.

Data synthesis and statistical analysis

To calculate meta-analytic summary estimates, the ICC with
standard error was summarized for lesion size, and s with stan-
dard error was summarized for APHE, WO, EC, and LI-RADS
categorization from each study. If the original study did not
report standard error, it was estimated from the 95% confidence
interval (CI). The meta-analytic pooled ICC and x with 95% CI
were calculated using the DerSimonian-Laird random-effects
model with or without Knapp and Hartung adjustment [22].
ICC and  were categorized according to Landis and Koch as
follows: < 0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate;
0.61-0.80, substantial; and 0.81-1.00, almost perfect reliability

@ Springer

[23]. Heterogeneity was assessed using the Cochran Q-test and
P statistics [24], with > 50% or p < 0.10 in the Cochran Q-test
being considered to indicate substantial heterogeneity.

To evaluate the inter-reader reliability of LI-RADS according
to the imaging analysis methodology, we performed subgroup
analyses according to the following variables: (a) number of
readers (two readers vs. more than two readers); (b) average
reader experience (> 10 years of experience in abdominal/liver
imaging vs. < 10 years of experience); and (c) difference in
reader experience (all experienced readers vs. multiple readers
with inexperienced readers, i.c., < 5 years of post-fellowship
experience). In addition, we performed subgroup analysis ac-
cording to the version of LI-RADS used (v2014, v2017, or
v2018).

Meta-regression analysis was performed to explore the
causes of study heterogeneity, which included the following
covariates: study design (prospective vs. retrospective), study
type (cohort vs. case-control), subject enrollment (consecutive
vs. selective), number of CT detectors (> 64 channels in all
included CT vs. others), dynamic CT sequence (quad-phase
including unenhanced, arterial phase, portal venous phase,
and delayed or equilibrium phase vs. triple-phase), CT slice
thickness (< 3 mm vs. others), and clarity of blinding to ref-
erence standard during the review (clear vs. unclear).

Funnel plots and rank tests were used to assess the presence
of any publication bias. R version 3.6.3 with the “metafor”
package was used to perform the analyses.

Results
Literature search

The systematic literature search initially identified 263 articles
(Fig. 1). After removing 109 duplicate articles, 154 articles
were screened by their titles and abstracts, and 99 articles were
excluded. Full-text reviews were performed for 55 potentially
eligible articles, and 43 articles were excluded. Finally, 12
original articles with a total of 2285 lesions were included in
this study [9-13, 25-31].

Characteristics of the included studies

The detailed characteristics of the included studies are sum-
marized in Table 1. Eleven studies were retrospective [9—13,
26-31], and one study was prospective [25]. Eleven studies
were cohort studies [9-13, 25-28, 30, 31], and one was a case-
control study [29]. All of the included studies were analyzed
independently by the readers. Six studies used histopathology
for the reference standard [11-13, 26, 29, 30], four used a
combination of histopathology and clinical follow-up [10,
25,27, 31], and two did not use a reference standard because
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Fig. 1 Flow diagram of the study
selection process. LI-RADS,
Liver Imaging Reporting and

128 MEDLINE
135 EMBASE

263 Articles identified through database search

Data System

| 109 Duplicate articles removed

154 Articles screened by title and abstract

99 Articles excluded with following reasons
27 Not in field of interest

64 Review articles
6 Case reports/editorial/letter/book
2 Meta-analysis

55 Full-text articles assessed for eligibility

43 Atrticles excluded with following reasons
31 Not in field of interest
10 Insufficient data to synthesis

inter-reader agreement
1 Partially overlapping patient cohort
1 Mixing CT/MRI LI-RADS inseparably

| 12 Original articles included in final analysis |

they focused on inter-reader reliability rather than diagnostic
accuracy [9, 28]. The readers in 10 studies were blinded to the
reference standard [10-13, 25-27, 29-31], whereas the other
two studies were unclear on blinding [9, 28].

Imaging analysis methodologies of the included
studies

The imaging analysis methodologies of each study are sum-
marized in Table 2. Nine studies used two readers [10-12, 25,
27-31], and three studies used more than two [9, 13, 26]. The
experience level of the readers was variable, ranging from
trainees to 23 years of experience in liver imaging. Of the 12
included studies, eight stated the experience of each reader
[10-12, 25,26, 28, 30, 31], with the average reader experience
being 10.8 years in abdominal/liver imaging. Three studies
included both experienced readers and inexperienced readers
[12, 13, 31]. Nine studies used LI-RADS v2014 [9, 13,
25-31], two studies used v2017 [10, 31], and one study used
v2018 [12].

Study quality

All included studies showed a quality score of five or more for
the seven criteria evaluated. Description of the index test was
lacking in two studies [9, 29], and readers’ experience levels
were not reported in two studies [27, 29]. In addition, the
presence of blinding during the review was unclear in two
studies [9, 28]. Further details on the study quality are provid-
ed in Supplementary Figure 1.

Meta-analytic pooled inter-reader reliability of LI-
RADS

The meta-analytic pooled estimates of inter-reader reliabil-
ity of LI-RADS are summarized in Fig. 2. For lesion size,
the ICCs ranged from 0.74 to 0.99, and the meta-analytic
pooled ICC was 0.99 (95% CI, 0.96—1.00), which was
close to perfect reliability. Among the three major features,
the highest meta-analytic pooled x was shown by APHE
(0.69; 95% CI, 0.58-0.81), followed by WO (0.67; 95%
CI, 0.53-0.82). All three major features showed substantial
inter-reader reliability. The x for the LI-RADS categoriza-
tion ranged from 0.44 to 0.90, with a meta-analytic pooled
K of 0.70 (95% CI, 0.59-0.82), showing substantial inter-
reader reliability.

Subgroup analysis according to the imaging analysis
methodology

Subgroup analyses of inter-reader reliability for the major
features and LI-RADS categorization according to the im-
aging analysis methodology are summarized in Table 3.
Both studies with two readers and those with more than
two readers showed moderate to substantial inter-reader
reliability for the three major features (k = 0.64-0.71)
and LI-RADS categorization (x = 0.56-0.64). Regarding
the reader experience, the meta-analytic pooled x for LI-
RADS categorization was significantly higher in studies
using readers with > 10 years of experience than in those
using readers with < 10 years of experience (p = 0.01).
Other meta-analytic pooled estimates, including lesion
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Fig. 2 Meta-analytic pooled inter-reader reliability for the CT Liver Imaging Reporting and Data System (LI-RADS). a Lesion size, b arterial-phase
hyperenhancement, ¢ nonperipheral washout, d enhancing capsule, and e LI-RADS categorization. ICC, intraclass correlation coefficient

size, APHE, WO, and EC, showed no significant differ-
ences in inter-reader reliability between studies with
readers with > 10 years of experience and those with

@ Springer

< 10 years of experience (p > 0.07). In addition, the
meta-analytic pooled s for APHE and LI-RADS categori-
zation in studies including inexperienced readers (< 5 years
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of post-fellowship experience) were significantly lower
than those in studies where all the readers were experi-
enced (k = 0.55 vs. 0.76, p = 0.04 and x = 0.45 vs. 0.79,
p =0.02, respectively). Although studies including inexpe-
rienced readers showed lower meta-analytic pooled x for
WO (k = 0.52 vs. 0.78) and EC (k = 0.53 vs. 0.72) than
studies with only experienced readers, the differences
showed only borderline significance (p = 0.06 for both).

Subgroup analysis according to LI-RADS version

All LI-RADS versions including v2014, v2017, and v2018
showed substantial inter-reader reliability for the three major
features (Table 4). For the LI-RADS categorization, LI-RADS
v2018 had a pooled x of 0.53, which was lower than that of
v2014 (k = 0.69) or v2017 (k = 0.79). Regarding the pre-
sumed year of reading session, 88% (7/8) studies with LI-
RADS v2014 were conducted after 2014, but the study with
LI-RADS v2018 was conducted in 2018 (Table 2).

Meta-regression analysis

Substantial study heterogeneity was noted in all five variables
of lesion size, APHE, WO, EC, and LI-RADS categorization
(7 >90.0% and p < 0.001). In the meta-regression analysis,
clarity of blinding to the reference standard during review was
significantly associated with study heterogeneity (p < 0.04;
Supplementary Table 2). Studies with clear clarity of blinding
showed substantial inter-reader reliability for APHE (k =
0.64) and WO (x = 0.62), but studies with unclear clarity of
blinding showed almost perfect reliability (x = 0.86 for APHE
and 0.84 for WO). Regarding the CT technique, the number of
detectors in MDCT showed a marginal significance with re-
spect to lesion size (p = 0.05). However, other covariates
including study design, study type, subject enrollment,

Table 4  Subgroup analysis according to LI-RADS version

multiphase CT, and slice thickness were not significant factors
affecting study heterogeneity.

There was no significant publication bias with respect to
lesion size, the three major features, or LI-RADS categoriza-
tion (p > 0.15, Supplementary Figure 2).

Discussion

In this study, CT LI-RADS demonstrated substantial over-
all inter-reader reliability for major features and LI-RADS
categorization, with meta-analytic pooled x of 0.65-0.71.
Substantial heterogeneity was noted in inter-reader reli-
ability. The imaging analysis methodology varied across
the studies, and the inter-reader reliability of CT LI-
RADS differed significantly according to the average read-
er experience (p = 0.01) and the difference in reader expe-
rience (p = 0.02).

The meta-analytic k for CT LI-RADS categorizations
found in this study was similar to that in a previous study by
Fowler et al (k = 0.71 vs. 0.73) [9]. Considering the fact that
Fowler et al performed a multi-center international study
using a large number of readers and a mixture of all LI-
RADS category assignments [9], their results would reflect
those of clinical practice with minimal potential bias.
However, the inter-reader reliabilities for major features found
in the current study were lower than those in the previous
study (k = 0.65-0.69 vs. 0.84-0.88). This difference may have
been due to differences in reader experience, i.e., the inclusion
of inexperienced readers (< 5 years of post-fellowship experi-
ence) [12, 13, 31]. In the subgroup analysis of studies includ-
ing all experienced readers, which excluded three studies that
included inexperienced readers [12, 13, 31], the meta-analytic
k for major features was 0.72—0.78. Because the multi-center
multi-reader study by Fowler et al was conducted in the year
of 2014 and the three studies with inexperienced readers

Size, ICC APHE, k WO, « EC, k LR, k

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
LI-RADS v2014 0.98 0.67 0.66 0.67 0.69

(0.96-1.00) (0.53-0.80) (0.48-0.85) (0.52-0.82) (0.54-0.80)
P statistics (%) 88.2 93.6 93.8 92.8 96.5
LI-RADS v2017 1.00 0.90 0.70 0.56 0.79

(1.00-1.00) (0.80-1.00) (0.23-1.00) (0.39-0.74) (0.55-1.00)
P statistics (%) 0.0 0.0 92.1 50.7 88.5
LI-RADS v2018 0.74 0.64 0.62 0.63 0.53

(0.66-0.81) (0.47-0.80) (0.44-0.80) (0.44-0.82) (0.29-0.77)
P statistics (%) 0.0 0.0 0.0 0.0 0.0

The results were obtained using a random-effects model with or without Knapp and Hartung adjustment

LI-RADS Liver Imaging Reporting and Data System, /CC intraclass correlation coefficient, APHE arterial-phase hyperenhancement, « kappa value, WO
nonperipheral washout, £C enhancing capsule, LR LI-RADS categorization, CI confidence interval
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indicating the remained variability of CT LI-RADS were pub-
lished after this multi-center multi-reader study, it may still be
a problem requiring a solution. Therefore, to promote stan-
dardization and reproducibility of CT LI-RADS, a well-
designed methodology for imaging analysis is necessary,
and continuous education and updates for inexperienced
readers are important.

In this meta-analysis, reader experience was one of the
important factors affecting the inter-reader reliability of CT
LI-RADS. The reported effects of reader experience on
inter-reader reliability of LI-RADS are conflicting, with
Davenport et al showing that experts had higher inter-reader
reliability than novices [32], but Fowler et al finding that the
inter-reader reliability of LI-RADS was not significantly as-
sociated with reader experience [9]. Considering these previ-
ous results and this meta-analysis together, reader experience
may be one important factor associated with the inter-reader
reliability of LI-RADS. In addition, our study showed that LI-
RADS v2018 had relatively lower inter-reader reliability for
LI-RADS categorization than LI-RADS v2014 or v2017.
Because LI-RADS v2018 has recently been updated with a
simplified definition of threshold growth and simplified
criteria for LR-5 [2], these updates might not yet be familiar
to radiologists. Although Fowler et al reported that LI-RADS
inter-reader reliability was not significantly affected by LI-
RADS familiarity, this previous study evaluated only LI-
RADS v2014, and it could be difficult to evaluate the effect
of LI-RADS version on inter-reader reliability. Considered
together, these results indicate that the familiarity of radiolo-
gists with the latest version can also be an important factor
influencing inter-reader reliability. To improve the relatively
low inter-reader reliability of inexperienced readers and that
associated with recently updated versions, education pro-
grams including training sets for young radiologists and reg-
ular feedback, and a comprehensive manual with both sche-
matic figures and clinical examples to illustrate the features,
would be helpful [33, 34].

Generally, as MRI provides multiparametric information
from complex MRI sequences, MRI might be expected to
have a lower inter-reader reliability for LI-RADS categoriza-
tion than CT. However, the meta-analytic k of CT LI-RADS
categorizations in this study was very similar to that of MRI
LI-RADS categorizations in a previous study (k = 0.71 vs.
0.70) [14]. In addition, the inter-reader reliability of major
features on CT was similar to that on MRI (APHE, k = 0.69
on CT vs. 0.72 on MRI; WO, k =0.67 on CT vs. 0.69 on MRI;
and EC, k = 0.65 on CT vs. 0.66 on MRI) [14]. As LI-RADS
uses the same definitions for major imaging features on CT
and MRI [2], comparable inter-reader reliability might be ex-
pected between CT and MRI.

Our study showed that clarity of blinding to the refer-
ence standard during review was a significant factor asso-
ciated with study heterogeneity, i.e., studies with unclear

clarity of blinding to the reference standard showing higher
inter-reader reliability for APHE (0.86 vs. 0.64, p = 0.03)
and WO (0.84 vs. 0.62, p = 0.04) than those with clear
clarity of blinding. Although inter-reader reliability can
be evaluated according to the agreement between readers
without considering the reference standard, our result sug-
gests that knowledge of the final diagnosis might affect
inter-reader reliability. Considering the fact that a recent
study of MRI LI-RADS inter-reader reliability reported a
similar result [14], further study is needed to evaluate why
the clarity of blinding to the reference standard is associ-
ated with inter-reader reliability.

This study has some limitations. First, study heteroge-
neity and variations in imaging analysis methodologies
were noted. To explore the causes of the variations, we
robustly performed subgroup analyses and meta-
regression analyses. Second, we could not include 10 arti-
cles because of insufficient data for determining inter-
reader reliability. As the meta-analysis of inter-reader reli-
ability required the standard variance as well as the ICC or
k from each study, studies that provided only the ICC or
without standard variance were excluded. Third, although
a recent meta-analysis reported that the inter-reader reli-
ability of MRI LI-RADS, i.e., the pooled kappa value of
LI-RADS categorization was 0.70 [14], our study provides
additional information in that it reports the inter-reader
reliability of CT LI-RADS and differences in it according
to imaging analysis methodology, which were not covered
in the previous study.

In conclusion, CT LI-RADS demonstrated substantial
inter-reader reliability for major features and LI-RADS cat-
egorizations. The imaging analysis methodology varied
across studies, and the inter-reader reliability of CT LI-
RADS differed significantly according to the average read-
er experience and the difference in reader experience.
Therefore, the reported results for inter-reader reliability
of CT LI-RADS in the literature should be understood with
consideration of the imaging analysis methodology.
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