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Purpose: This study explored the interreader agreement and diagnostic performance of contrast-enhanced ul-
trasound liver imaging reporting and data system (CEUS LI-RADS).

Methods: Between January 2014 and December 2017, 1366 patients at risk for hepatocellular carcinoma (HCC)
who underwent CEUS were included in this retrospective study. Four ultrasound physicians rated the HCC
likelihood of focal liver lesions (FLLs) using CEUS LI-RADS v2017. Interreader agreement on CEUS LI-RADS
categories and major features (arterial phase hyperenhancement (APHE), washout appearance) were assessed
using weighted kappa statistics (x). Diagnostic performance was described by sensitivity, specificity, PPV and
NPV, +LR, -LR.

Results: The interreader agreement (x) for CEUS LI-RADS categories, APHE, and washout appearance ranged
from 0.61 to 0.73, 0.65 to 0.83, and 0.58 to 0.71, respectively. Interreader agreement for LI-RADS categories and
APHE were almost substantial between FLLs < 2cm, =2 cm, < 5cm; interreader agreement for major features
were fair to substantial for FLLs =5 cm. The accuracy, PPV and + LR for HCC and malignancy in FLLs < 2 cm,
=2cm, < 5cm, =5 cm were high, with values of 84.7% to 91.9%, 90.2% to 94.2%, and 2.2 to 8.0, respectively.
CEUS LI-RADS had the highest specificity for HCC (90.2%) and malignancy (90.9%) diagnosis for FLLs < 2 cm
and < 5 cm, respectively; specificity was lowest for HCC (54.7%) and malignancy (68.3%) diagnosis for FLLs
=5cm.

Conclusions: CEUS LI-RADS is a good standardized categorization system for high-risk patients, and the com-

bination of two or three LR-M features may improve the true-negative classification of HCC diagnosis.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malig-
nant tumor in the world [1] and the third leading cause of cancer death
in China [2]. Cirrhosis, chronic hepatitis B or C and alcohol abuse are
the main causes of liver cancer [3-5]. For patients at risk for HCC, many
guidelines have recommended imaging examinations and the assess-
ment of serum tumor markers at an interval of 1-6 months [6-9].

Contrast-enhanced imaging modalities play a pivotal role in mon-
itoring and diagnosing HCC. Moreover, HCC is a unique solid organ
tumor that can be definitely diagnosed solely by imaging methods with
no need for pathology confirmation in patients with cirrhosis and
chronic liver disease. However, there are some differences in the di-
agnostic criteria among different guidelines on HCC [6-9]. As re-
commended by the American Association for the Study of Liver Diseases
(AASLD), for patients with high risk factors, if arterial phase hyper-
enhancement combined with washout presents in a nodule = 1 cm, this

* Corresponding author.
E-mail address: luo_yan777@163.com (Y. Luo).

https://doi.org/10.1016/j.ejrad.2019.108685

nodule should be considered HCC [7]. However, the Asian Pacific As-
sociation for the Study of the Liver (APASL) suggests that HCC can be
diagnosed as long as a nodule shows arterial phase hyperenhancement
and late phase washout regardless of the nodule size in high-risk pa-
tients [9]. Therefore, for the same hepatic nodule, different medical
institutions and radiologists could make different diagnoses, which may
further affect clinical management.

Liver imaging reporting and data system (LI-RADS), developed by
the American College of Radiology (ACR), is a comprehensive system
used to standardize interpretations and reporting imaging examinations
in patients at risk for HCC. With the wide use of contrast-enhanced
ultrasound (CEUS) in clinical practice [10-12], ACR also launched LI-
RADS on CEUS [13]. However, few studies [14-16] have investigated
the interreader agreement and diagnostic performance of CEUS LI-
RADS because it has been developed for only a short time. Additionally,
in these studies, the results were inconsistent. Therefore, further iden-
tification in a large population is necessary. In this study, we
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investigated the interreader agreement and diagnostic performance of
CEUS LI-RADS in 1366 high-risk patients.

2. Methods
2.1. Patient selection

This retrospective study was approved by the institutional ethics
committee, and informed consent was waived. All patients underwent
contrast enhanced ultrasound (CEUS) of the liver in our Ultrasound
Department between January 2014 and December 2017 and were
consecutively enrolled. For patients with more than one hepatic lesion,
the most visible and accessible lesion was chosen for study. The in-
clusion criteria were as follows: (1) Focal liver lesions (FLLs) were solid
and detected by conventional ultrasound with a CEUS examination also
available; (2) patients with cirrhosis or chronic hepatitis; and (3) he-
patic lesions were pathologically proven. The exclusion criteria were
clinical intervention (such as radiofrequency ablation or hepatic ar-
terial chemoembolization and partial liver resection) before CEUS. One
board-certified ultrasound physician (15 years of experience in CEUS)
reviewed the liver CEUS examinations. A total of 6861 patients un-
derwent liver CEUS examinations during the period. Patients without
any underlying liver disease (n = 3172); those who underwent trans-
arterial chemoembolization (n = 252), radiofrequency ablation
(n = 583), or partial liver resection (n = 423) before CEUS examina-
tions; or those whose liver lesion nature was not confirmed by pa-
thology (n = 1065) were excluded. Fig. 1 shows the flow chart patient
inclusion in the study.

2.2. Contrast-enhanced ultrasonography (CEUS) examination

An iU22 ultrasound system (Royal Philips, the Netherlands)
equipped with a C5-1 (1-5MHz) transducer was used for the ex-
aminations. The CEUS examination was performed with a real-time,
low-mechanical index (MI: 0.05-0.08) and reverse pulse imaging
technique. In total, 2.4 mL of the SonoVue ultrasound contrast agent
(Bracco, Milan, Italy) was injected into the medial cubital vein and
immediately flushed with 5mL of 0.9% sodium chloride solution. A
timer was immediately started after the contrast agent was injected,
and a dynamic digital video of the target lesion and surrounding liver
parenchyma was recorded continuously within the first minute for
analysis. After 60 s, intermittent scanning was performed to prevent the

Atotal of 6861 consecutive patients underwent liver CEUS examinations between Jan

2014 and Dec 2017

Excluded patients:
€ Without any underlying liver disease (n = 3172);

4 Underwent transarterial chemoembolization (n = 252),

radiofrequency ablation (n = 583), and partial liver resection (n =
423) before CEUS examinations;

@ Liver lesion nature was not confirmed by pathology (n = 1065).

Final study population:
A total of 1366 patients were enrolled in the study. 985 HCC patients, 139 non-HCC

malignancy patients, and 242 benign patients.

Fig. 1. The flow chart for inclusion of patients in the study.
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microbubbles from being destroyed too quickly; scanning continued
until the microbubbles were completely cleared, and typical contrast-
enhanced images of the lesions were stored for each scan.

2.3. Imaging analysis

Four ultrasound physicians independently classified all liver no-
dules according to CEUS LI-RADS v2017 [12]. Four readers were
numbered as reader 1, reader 2, reader 3, and reader 4, who had 4, 5, 5,
and 3 years of experience with CEUS, respectively. Four readers were
trained together on CEUS LI-RADS for an hour, and two examples for
each LI-RADS category were provided, which were not part of the
study. All cases were numbered, with each having a unique number.
Each reader was provided with the dynamic digital video within the
first minute, typical contrast-enhanced images at rest in the portal
phase and late phase, conventional ultrasound images and the diameter
of the target lesion. All readers were unaware of any clinical informa-
tion or other imaging results. The four readers assigned the LI-RADS
categories and major enhancement features (arterial hyperenhance-
ment, washout appearance (late in onset (¢ 60s) and mild washout))
independently. The final CEUS LI-RADS categorization for diagnostic
performance evaluation was the consensus of the 4 readers.

2.4. Reference standard

All FLLs were confirmed by pathology. Due to uncertain imaging
diagnosis or prior to radiofrequency ablation, ultrasound-guided
puncture biopsy was performed for 198 FLLs; surgical resection was
conducted for the other 1168 FLLs.

2.5. Statistical analysis

SAS 9.4 statistical software was used to perform data analysis. The
weighted kappa test (k) with 95% confidence intervals (CIs) was used to
evaluate the interreader agreement of category and major enhancement
features of CEUS LI-RADS. A crossover table was used to show the
consistency of different readers. The accuracy, sensitivity, specificity,
positive and negative predictive value (PPV and NPV), and positive and
negative likelihood ratios (+ LR and -LR) of CEUS LI-RADS for HCC and
malignancy were calculated by comparison with pathology. Kappa re-
sults were stratified qualitatively by score (slight agreement, 0.01-0.20;
fair agreement, 0.21-0.40; moderate agreement, 0.41-0.60; substantial
agreement, 0.61-0.80; and almost perfect agreement, 0.81-0.99 [17]).

3. Results
3.1. Patient and tumor characteristics

The characteristics of the study patients are shown in Table 1. A
total of 1366 patients were enrolled in the study, including 1097 males
and 269 females. The age ranged from 18 to 90 years, with an average
age (SD) of 52.3 (12.0) years. The average tumor diameter (SD) was 4.7
(3.5) cm, ranging from 0.5 to 20 cm. All patients had a history of
chronic liver disease, and the etiologies were as follows: hepatitis B
virus (n = 1300), hepatitis C virus (n = 38), alcohol-related liver dis-
ease (n = 2), autoimmune hepatitis (n = 4), nonalcoholic steatohepa-
titis (n = 11), and schistosomiasis infection (n = 11). Among the 1366
patients, 512 (37.5%, 512/1366) had cirrhosis (489 caused by HBV,
eighteen by HCV, one by autoimmune hepatitis, and four by chronic
schistosomiasis infection), and the other 854 (62.5%, 854/1366) did
not have cirrhosis.

The final diagnoses for all FLLs were 985 (72.1%, 985/1366) HCCs,
139 (10.2%, 139/1366) non-HCC malignancies, and 242 (17.7%, 242/
1366) benign lesions. The mean sizes (SD, range) of HCCs, benign le-
sions and non-HCC malignancies were 5.2 (3.6, 0.8 ~20) cm, 5.3 (3.3,
0.7-14) cm, and 4.8 (3.9, 0.8-16) cm, respectively. One hundred thirty-
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Table 1

Characteristics of the Study Subjects (n = 1366).
Variable Count
Age, mean (SD), y 52.3 (12.0)
Sex
Male 1097 (80.3%)
Female 269 (19.7%)
Tumor size
Mean (SD) 4.7 (3.5) cm
Range (0.5-20) cm
Etiology
Hepatitis B virus 1300 (95.2%)
Hepatitis C virus 38 (2.8%)
Alcoholic abuse 2 (0.1%)
Autoimmune hepatitis 4 (0.3%)
Non-alcoholic steatohepatitis 11 (0.7%)
Schistosomiasis infection 11 (0.8%)
Pathology
HCC 985 (72.1%)

Non-HCC malignancies
Benign lesions

139 (10.2%)
242 (17.7%)

SD, standard deviation. cm, centimeter. HCC, hepatocellular carci-
noma.

nine non-HCC lesions included 59 intrahepatic cholangiocarcinoma
(ICC), 62 liver metastases, 14 combined hepatocellular-cholangio-
carcinoma, two hepatic sarcomas, and two liver lymphomas. Two
hundred forty-two benign lesions included 198 hepatic hemangiomas,
nine hyperplastic nodules, eighteen focal nodular hyperplasia (FNH),
twelve hepatic hydatidosis, and five hepatic adenomas.

3.2. CEUS LI-RADS categories

The frequency distribution of LI-RADS for 1366 FLLs classified by
reader 1 to reader 4 is presented in Table 2. The final CEUS LI-RADS
categories, which were based on the consensus of reader 1 to reader 4,
are displayed in Table 3.

Among the 1366 FLLs, none of the LI-RADS category 1 and 2 lesions,
9 (11.5%) of 78 category 3 lesions, 81 (72.3%) of 112 category 4 le-
sions, 723 (93.3%) of 775 category 5 lesions (Fig. 2), and 172 (59.7%)
of 288 category M lesions were HCCs (Fig. 3). All LI-RADS category 1
and category 2 lesions, 67 (85.9%) of 78 category 3 lesions, 29 (25.9%)
of 112 category 4 lesions, 12 (1.5%) of 775 category 5 lesions, and 21
(7.3%) of 288 category M lesions were benign. None of the LI-RADS
category 1 and 2 lesions, 2 (2.6%) of 78 category 3 lesions, 2 (1.8%) of
112 category 4 lesions, 40 (5.2%) of 775 category 5 lesions, and 95
(33.0%) of 288 category M lesions were malignancy.

Further analysis of CEUS patterns of HCCs and non-HCC malig-
nancies in the LR-M category was performed. Among 172 LR-M HCCs,
79.7% (137/172) only had one of the three features of LR-M criteria,
which was mainly characterized by early washout (80.3%, 110/137).
However, among the 95 LR-M non-HCC malignancies, 81.1% (77/95)

Table 2
Frequency distributions of CEUS LI-RADS for 1366 focal liver lesions classified
by reader 1 to reader 4.

LI-RADS category Reader 1 Reader 2 Reader 3 Reader 4
LR-1 100 (7.3) 112 (8.2) 82 (6.0) 104 (7.6)
LR-2 9 (0.7) 7 (0.5) 7 (0.5) 8 (0.6)
LR-3 83 (6.1) 71 (5.2) 90 (6.6) 83 (6.1)
LR-4 146 (10.7) 68 (5.0) 154 (11.3) 117 (8.6)
LR-5 799 (58.5) 763 (55.9) 748 (54.7) 771 (56.4)
LR-M 229 (16.7) 345 (25.2) 285 (20.9) 283 (20.7)

The table presented the frequency distribution of CEUS LI-RADS categories
assigned by four readers. Numbers in parentheses are percentages of each ca-
tegory. CEUS, contrast enhanced ultrasound. LI-RADS, Liver Imaging Reporting
and Data System.
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lesions had at least two of three features of LR-M criteria, mainly ar-
terial phase hyperenhancement (APHE) accompanied by early (< 60 s)
washout and marked washout (61.0%, 47/77) and rim APHE accom-
panied by early (< 60 s) washout and marked washout (35.1%, 27/77).
The detail CEUS characteristics for HCC and non-HCC malignancies
within the LR-M category are shown in Table 4.

3.3. Interreader agreement on CEUS LI-RADS categories and major features

The interreader agreement for CEUS LI-RADS and major enhance-
ment features that were classified by the four readers are shown in
Table 5. The interreader agreement on FLL categories was substantial (x
coefficient from 0.61 to 0.73). The interreader agreement for major
features was substantial to almost perfect for “arterial hyperenhance-
ment” (x coefficient from 0.65 to 0.83) and moderate to substantial for
“washout appearance” (x coefficient from 0.58 to 0.71).

3.4. In-depth analysis of interreader agreement

The interreader agreement for patients with cirrhosis (n = 512) was
evaluated separately. The interreader agreement for FLL categories was
substantial (k coefficient from 0.60 to 0.70). The interreader agreement
was substantial for “arterial hyperenhancement” (x coefficient from
0.64 to 0.79) and moderate to substantial for “washout appearance” (x
coefficient from 0.47 to 0.77).

Subanalysis revealed substantial to almost perfect interreader
agreement for FLLs with a diameter < 2 cm (x coefficient from 0.70 to
0.83) and moderate to substantial interreader agreement for FLLs
=2 cm (x coefficient from 0.55 to 0.67).

Interreader agreement of major features for FLLs with a dia-
meter < 2cm and =2 cm was similar for “arterial hyperenhancement”
(x coefficient from 0.67 to 0.80, and 0.61 to 0.79, respectively) and
“washout appearance” (x coefficient from 0.53 to 0.78, and 0.50 to
0.71, respectively).

Moreover, subanalysis showed substantial interreader agreement
for FLLs with a diameter < 5 cm (x coefficient from 0.71 to 0.76) and
moderate to substantial interreader agreement for FLLs =5cm (x
coefficient from 0.45 to 0.63).

Interreader agreement for “arterial hyperenhancement” was higher
for FLLs < 5 cm than for FLLs =5 cm (x coefficient from 0.68 to 0.84,
and 0.40 to 0.73, respectively) as well as for “washout appearance” for
the same size categories (x coefficient from 0.56 to 0.75, and 0.30 to
0.65, respectively). Fig. 4 depicts an example of a case that led to po-
tential variability in assigning major LI-RADS features.

3.5. Diagnostic performance of CEUS LI-RADS for HCC and malignancy

For all 1366 FLLs, the proportions of HCC in LR-3, LR-4, and LR-5
were 11.5% (9/78), 72.3% (81/112), and 93.3% (723/775), respec-
tively. As illustrated in Table 6, when LR-M (because it is not specific
for HCC) was excluded and LR-5 was used as the criteria for a definite
determination of HCC, the accuracy, sensitivity, specificity, PPV, NPV,
+LR and -LR of CEUS LI-RADS for HCC were 86.8% (95%CI: 84.7%,
88.7%), 89.1% (95%CIL: 86.7,91.1), 80.4% (95%CI: 75.0%, 84.9%),
93.4% (95%CI: 91.3%, 95.0%), 70.3% (95%CI: 64.8%, 75.3%), 4.5
(3.5,5.8), and 0.14 (0.11,0.17), respectively.

When considering LR-5 and M as definite malignancy, the sensi-
tivity, specificity, PPV and NPV of CEUS LI-RADS for malignancy were
90.7% (95%CI: 89.0%, 92.1%), 91.6% (95%CI: 89.8%, 93.2%), 86.4%
(95%CI:81.2%, 90.3%), 96.9% (95%CI: 95.6%, 97.8%), 69.0% (95%CI:
63.4%, 74.1%), 6.7(4.9,9.2), and 0.10(0.08, 0.12), respectively.

3.6. In-depth analysis of diagnostic performance of CEUS LI-RADS for HCC
and malignancy for FLLs of different sizes

For FLLs with a diameter < 2cm, =2cm, < 5cm, =5cm, the
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Table 3
The final frequency distributions of CEUS LI-RADS.

Group Reference standard LR-1 LR-2 LR-3 LR-4 LR-5 LR-M
Overall HCC 0 0 9(11) 81 (72) 723 (93) 172 (60)
(n = 1366) Benign Lesions 106 (100) 7 (100) 67 (86) 29 (26) 12 (2) 21 (7)

Non-HCC malignancies 0 0 2(3) 2(2) 40 (5) 95 (33)
Total 106 7 78 112 775 288
Diameter < 2cm HCC 0 0 12 21 (60) 77 (87) 17 (61)
(n = 250) Benign Lesions 34 (100) 3 (100) 60 (98) 13 (37) 11 (12) 2(7)
Non-HCC malignancies 0 0 0 1(3) 11 9 (32)
Total 34 3 61 35 89 28
Diameter > 2cm HCC 0 0 8 (47) 60 (78) 646 (94) 155 (60)
(n=1116) Benign Lesions 72 (100) 4 (100) 7 (41) 16 (21) 1(0) 19 (7)
Non-HCC malignancies 0 0 2(12) 1 39 (6) 86 (33)
Total 72 4 17 77 686 260
Diameter < 5cm HCC 0 0 9 (12) 77 (74) 433 (949) 89 (57)
(n = 886) Benign Lesions 81 (100) 7 (100) 67 (86) 26 (25) 5@1) 15 (10)
Non-HCC malignancies 0 0 2(2) 1) 23 (5) 51 (33)
Total 81 7 78 104 461 155
Diameter = 5cm HCC 0 0 0 4 (50) 290 (92) 83 (62)
(n = 480) Benign Lesions 25 (100) 0 0 3(38) 7 (2) 6 (5)
Non-HCC malignancies 0 0 0 1012 17 (6) 44 (33)
Total 25 0 0 8 314 133

This table showed the distribution of CEUS LI-RADS categories of focal liver lesions with different size. CEUS, contrast enhanced ultrasound. LI-RADS Liver Imaging
Reporting and Data System. HCC, Hepatocellular carcinoma. Note. Data are numbers of patients, data in parentheses are percentages.

proportions of HCC in LR-3, LR-4, and LR-5 were 2%, 60%, 87% vs 8%,
78%, 94% vs 12%, 74%, 94% vs 0%, 50%, 92%, respectively.

As indicated in Table 6, when considering the LR-5 category as HCC
(LR-M was excluded due to the lack of specificity for HCC), the accu-
racy, PPV and + LR of CEUS LI-RADS for HCC in FLLs with a dia-
=5cm were high, with

meter < 2cm, =2cm, <5cm, and

corresponding values of 84.7% (95%CI: 79.3%, 88.9%), 90.2% (95%CI:
83.2%, 94.6%) and 8.0 (95%CI: 4.6, 13.8) vs 87.4% (95%CL: 85.0%,
89.5%), 94.2% (95%CI: 92.1%, 95.8%), and 3.2 (95%CI: 2.5,4.2) vs
84.4% (95%CIL: 81.6%, 86.9%), 93.9% (95%CI: 91.2%, 95.9%), and
6.3(4.5,8.9) vs 91.9% (95%CI: 88.6%, 94.4%), 92.4% (95%CI: 88.7%,
94.9%), and 2.2 (1.6,2.9).

Fig. 2. The arrow highlights a 2.7 cm hypoechoic tumor in liver segment VII of a 60-year-old male patient with cirrhosis (a). The tumor presented with partial
hyperenhancement in the arterial phase (b), isoenhancement in the portal phase (c) and mild washout in late phase (d). The lesion was classified as LR-5 and proved

to be highly differentiated hepatocellular carcinoma by pathology.
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Fig. 3. The arrow highlights a 1.9 cm hypoechoic tumor in liver segment V of a 45-year-old female patient with cirrhosis (a). The tumor presented with hyper-
enhancement in the arterial phase (b), washout started after 49s (c) and mild washout in late phase (d). The lesion was classified as LR-M and proved to be
moderately differentiated hepatocellular carcinoma by pathology.

Table 4
The detail CEUS characteristics of HCC and non-HCC malignancies within LR-M category.
LR-M rim APHE & early washout & rim APHE & early washout rim APHE & late washout =~ APHE & APHE & APHE &
marked washout & mild washout & mild washout early washout & early washout & mild late washout & marked
marked washout washout washout
HCC 2 7 5 26 110 22
ICC 8 1 1 27 5 4
cHCC-CC 0 1 0 2 2 0
Metastasis 19 1 1 16 4 1
Sarcoma 0 0 0 2 0 0

CEUS, contrast enhanced ultrasound. APHE, arterial phase hyperenhancement. HCC, Hepatocellular carcinoma. ICC, intrahepatic cholangiocarcinoma. cHCC-CC,
combined hepatocellular cholangiocarcinoma.

Table 5
Interreader Agreement (x) for CEUS LI-RADS categories and major enhancement features classified by four readers.
Reader Variable k coefficients
Reader2 Reader3 Reader4
Readerl LI-RADS categories 0.65 (0.63,0.67) 0.61 (0.59,0.63) 0.73 (0.71,0.75)
Arterial hyper-enhancement 0.67 (0.63,0.70) 0.65 (0.63,0.67) 0.73 (0.71,0.75)
Washout appearance 0.67 (0.65,0.69) 0.64 (0.62,0.66) 0.69 (0.67,0.71)
Reader2 LI-RADS categories 0.67 (0.65,0.69) 0.73 (0.71,0.75)
Arterial hyper-enhancement 0.70 (0.68,0.72) 0.76 (0.74,0.78)
Washout appearance 0.71 (0.68,0.74) 0.64 (0.62,0.66)
Reader3 LI-RADS categories 0.69 (0.67,0.71)
Arterial hyper-enhancement 0.83 (0.80,0.86)
Washout appearance 0.58 (0.56,0.60)

Interreader agreement was calculated by Weighted kappa. Arterial hyper-enhancement: whole or in part, not rim or peripheral discontinuous globular enhancement.
Washout appearance: late in onset (=60 s) and mild washout. CEUS, contrast enhanced ultrasound. LI-RADS, Liver Imaging Reporting and Data System. Note. Data in
parentheses are 95% confidence intervals.
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Fig. 4. It illustrates an example of a case which led to the potential variability in assigning major LI-RADS features. The arrow highlights a 2.4 cm hypoechoic tumor
in liver segment V of a 63-year-old male patient with chronic hepatitis B (a). The assigned Liver Imaging Reporting and Data System (LI-RADS) categories were LR-5
(three readers) and LR-4 (one reader), demonstrating substantial interreader agreement for LI-RADS. For this particular observation, three readers agreed on two
major features (arterial hyperenhancement, late (=60 s) and mild washout), and only one reader interpreted hyperenhancement in arterial phase, isoenhancement in
portal and late phase. The figure shows a hyperenhancement at arterial phase (b) and isoenhancement in the portal phase (c), and mild washout in late phase (d). The
lesion was proved to be moderately differentiated hepatocellular carcinoma by pathology.

CEUS LI-RADS also exhibited the highest specificity (90.2%, 95%CI:
83.2%, 94.6%) for HCC diagnosis for FLLs with a diameter < 2 cm and
the lowest specificity (54.7%, 95%CI: 40.6%, 68.2%) for FLLs =5 cm.

For malignancy diagnosis, the accuracy, PPV and + LR of CEUS LI-
RADS in FLLs with a diameter < 2cm, =2cm, < 5¢m, and =5cm
were high, with corresponding values of 85.6% (95%CI: 80.7%,
89.5%), 88.9 (95%CI: 81.4%, 93.7%), and 7.7 (4.6, 13.0) vs 91.9%
(95%CI: 90.1%, 93.3%), 97.9% (95%CI: 96.7%, 98.7%), and 5.5 (3.7,
8.2) vs 87.7% (95%CI: 85.4%, 89.7%), 96.8% (95%CI: 94.9%, 98.0%),
8.7 (5.8, 13.3) vs 96.3% (95%CI: 94.1%, 97.7%), 97.1% (95%CI:
94.9%, 98.4%), and 3.1 (2.0, 4.9).

CEUS LI-RADS demonstrated the lowest specificity (68.3%, 95%CI:
51.8%, 81.4%) for malignancy diagnosis for FLLs with a diameter
>5cm and the highest specificity for a diameter < 5cm (90.9%,
95%CIL: 84.8%, 93.7%).

4. Discussion

Our study showed that the consistency of the four readers on cate-
gories of CEUS LI-RADS was substantial (x, 0.61-0.73), and there was no
obvious difference between every two readers, which may be related to
each reader having at least 3 years of experience with CEUS in the
study. We further analyzed the consistency among four readers for cases
of cirrhosis and focal liver lesions with different sizes. The results
showed that CEUS LI-RADS had similar interreader agreement in ca-
tegories and major features between patients with cirrhosis and those
with risk factors for HCC. In addition, interreader agreement for LI-
RADS categories was almost substantial for FLLs < 2cm, =2cm,
and < 5cm, and interreader agreement for major features was

moderate to substantial for FLLs =5cm. The results indicated that
CEUS LI-RADS could reduce the differences in the diagnosis of HCC
among ultrasound physicians, which is also consistent with the purpose
of CEUS LI-RADS. Ling et al [14] reported that the interreader agree-
ment for CEUS LI-RADS on small hepatic nodules (<2 cm) between two
readers who had more than 5 years of experience in abdominal ultra-
sound imaging was substantial (x, 0.690), which is consistent with our
results. Furthermore, Terzi et al [18] reported an interobserver re-
producibility for 120 patients of 0.755, which is in line with our results.
However, Schellhaas [15] indicated that the interobserver agreement
for the CEUS LI-RADS category in 50 patients was fair (x, 0.309). They
postulated that there were two reasons for this result. One reason was
that the perception of arterial phase hyperenhancement in CEUS was
different from that in MRI. The other reason was that readers were more
familiar with MRI LI-RADS than CEUS LI-RADS, since CEUS LI-RADS
was only recently developed.

Because CEUS is an imaging modality associated with certain ob-
server-experience and subjectivity, we further explored the interreader
agreement on the major features of CEUS LI-RADS. Substantial to per-
fect interreader agreement for arterial hyperenhancement (k, 0.65 to
0.83), and moderate to substantial interreader agreement for washout
appearance (k, 0.58 to 0.71) was observed in the study. In addition,
interreader agreement for arterial phase hyperenhancement was sub-
stantial and moderate to substantial for washout appearance for
FLLs < 2cm, = 2cm, and < 5 cm. Nonetheless, interreader agreement
for major features was fair to substantial for FLLs =5 cm, which sug-
gests considerable inconsistency for FLLs =5 cm. The results of studies
on the interreader agreement for arterial hyperenhancement and wash
appearance varied from fair to substantial [16,19-22]. Researchers
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attribute this discrepancy to the latent subjective cognition of readers in
recognition of enhancement features as well as the clinical experience
of readers. Our results showed that interreader agreement was slightly
better for arterial hyperenhancement than washout appearance, which
may be related to the readers’ cognitive difference in washout ap-
pearance.

None of LR-1 and 2 were HCCs or malignancies in the study, and the
proportion of HCC lesions increased gradually from LR-3, LR-4 to LR-5,
at 11.5% (9/78), 72.3% (81/112), and 93.3% (723/775), respectively.
The study of van der Po et al 1 [23] consisted of a systematic review of
17 studies on LI-RADS, with 2760 patients and 3556 FLLs, and the
authors found 94% LR-5 lesions and 74% LR-4 lesions were HCCs,
which is almost consistent with our results. However, 38% LR-3 lesions
were HCCs in their study, which was different from our results and may
be due to the number of LR-3 lesions was relatively smaller in our study.
In addition, 59.7% (172/288) of LR-M lesions were HCCs in the study,
which is in line with the findings of some other studies [18,23-25]. Lee
et al. [24] showed that at least one LR-M feature was observed in 51.5%
of patients (34/66) with HCC in their study. In a study by Kim et al
[25], 76.9% (10/13) of LR-M lesions were HCCs. In this study, we found
that among the 172 cases of HCC in LR-M, 137 (79.7%, 137/172) cases
had only one of three features for LR-M, which led to many HCCs
classified as LR-M. However, for the other 95 cases of non-HCC ma-
lignancies in LR-M, 77 (81.1%, 77/95) cases had at least two of three
features for LR-M. Therefore, the combination of two or three LR-M
features may help improve the true-negative classification for HCC di-
agnosis.

This study showed that CEUS LI-RADS has a good diagnostic per-
formance for HCC when LR-M lesions are excluded. Especially for LR-5
lesions, the diagnostic accuracy was up to 93.3% (723/775), and LR-5
criteria showed high specificity for HCC diagnosis, which is comparable
to the findings of a previous study [5,23,26]. We further analyzed the
diagnostic performance of CEUS LI-RADS for FLLs with different sizes,
and the results showed that the accuracy and + LR of CEUS LI-RADS in
the diagnosis of HCC and malignancy were high regardless of the FLL
size. Moreover, CEUS LI-RADS showed high specificity in the diagnosis
of HCC and malignancy for FLLs with a diameter < 2 cm (90.2% and
89.4%, respectively) and < 5cm (86.8% and 90.9%, respectively). This
is similar to the results of Ronot et al [27], who reported a specificity of
LI-RADS for HCC on MRI and CT of 89.9% and 88.3%, respectively,
when FLLs were smaller than 3 cm. However, the specificity of CEUS LI-
RADS for HCC and malignancy was low (54.7% and 68.3%, respec-
tively) for FLLs =5 cm, and the reason needs further exploration.

However, there were serval limitations in our study. First, this was a
retrospective and single-center study, and a prospective study is needed
to verify the results. Second, the four readers have similar CEUS ex-
perience (from 3 to 5 years), which may have caused the high inter-
reader agreement of CEUS LI-RADS in this study, and interreader
agreement among readers with different CEUS experiences should be
further explored. Third, there were relatively few patients with LR-2
lesions, which was due to these lesions usually being followed-up by
imaging modalities. To strengthen the reference standard, only patients
with pathological confirmation were included, which also led to patient
selection bias in the study. Finally, the readers did not rate the quality
of the acquisitions, which is also a limitation of the study.

In conclusion, CEUS LI-RADS has good consistency among different
ultrasound physicians and is a good standardized categorization system
for high-risk patients. In addition, the combination of two or three LR-M
features may help improve the true-negative classification of HCC di-
agnosis.
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