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Purpose: A meta-analysis was conducted to determine the proportion of contrast-enhanced
ultrasound (CEUS) Liver Imaging Reporting and Data System category M (LR-M) in hepatocellular
carcinomas (HCCs) and non-HCC malignancies and to investigate the frequency of individual
CEUS LR-M imaging features.

Methods: The MEDLINE and Embase databases were searched from January 1, 2016 to July 23,
2020 for studies reporting the proportion of CEUS LR-M in HCC and non-HCC malignancies.
The meta-analytic pooled proportions of HCC and non-HCC malignancies in the CEUS LR-M
category were calculated. The meta-analytic frequencies of CEUS LR-M imaging features in non-
HCC malignancies were also determined. Risk of bias and applicability were evaluated using the
Quality Assessment of Diagnostic Accuracy Studies-2 tool.

Results: Twelve studies reporting the diagnostic performance of the CEUS LR-M category were
identified, as well as seven studies reporting the frequencies of individual CEUS LR-M imaging
features. The pooled proportions of HCC and non-HCC malignancies in the CEUS LR-M category
were 54% (95% confidence interval [Cl], 44% to 65%) and 40% (95% Cl, 28% to 53%),
respectively. The pooled frequencies of individual CEUS LR-M imaging features in non-HCC
malignancies were 30% (95% Cl, 17% to 45%) for rim arterial phase hyperenhancement, 79%
(95% Cl, 66% to 90%) for early (<60 s) washout, and 42% (95% Cl, 21% to 64%) for marked
washout.

Conclusion: In total, 94% of CEUS LR-M lesions were malignancies, with HCCs representing
54% and non-HCC malignancies representing 40%. The frequencies of individual CEUS LR-M
imaging features varied; early washout showed the highest frequency for non-HCC malignancies.
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Key points: Pooled proportions of hepatocellular carcinomas (HCCs) and non-HCC malignancies
in contrast-enhanced ultrasound (CEUS) Liver Imaging Reporting and Data System category M
(LR-M) were 54% and 40%. Frequencies of individual LR-M imaging features for CEUS were
variable, with early washout showing the highest frequency in non-HCC malignancies.
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Meta-analysis of CEUS LR-M

Introduction

Contrast-enhanced ultrasonography (CEUS) is an advanced form
of ultrasonography that provides dynamic, real-time evaluations
using intravenously injected microbubble contrast agents [1]. The
CEUS Liver Imaging Reporting and Data System (LI-RADS) is a
comprehensive system for standardizing the terminology, techniques,
interpretation, reporting, and data collection of CEUS examinations
for the evaluation of focal hepatic lesions detected in patients at
high risk for hepatocellular carcinoma (HCC) [2]. Although the
fundamental concepts and principles of CEUS LI-RADS are similar to
those of computed tomography (CT)/magnetic resonance imaging
(MRI) LI-RADS, the algorithms are not identical, reflecting intrinsic
differences between the imaging modalities and their corresponding
contrast agents [3].

For both the CT/MRI LI-RADS and the CEUS LI-RADS, LI-RADS
category M (LR-M) is defined as an observation that is probably or
definitely malignant but not specific for HCC [1,4-6]. This unique
category was designed to preserve the specificity of imaging-based
diagnoses of HCC, while maintaining sensitivity for diagnoses of all
malignancies [7]. Purely intravascular microbubble contrast agents
on CEUS lead to differences in the dynamics and enhancement
patterns compared to CT imaging and MRI; thus, the CEUS LI-RADS
evaluates different diagnostic imaging features [2]. For the CT/MRI
LI-RADS, the LR-M criteria include a targetoid morphology (i.e.,
rim arterial phase hyperenhancement [APHE], peripheral washout,
delayed central enhancement, targetoid restriction, and targetoid
transitional or hepatobiliary phase appearance) and a non-targetoid
mass (i.e., infiltrative appearance, marked diffusion restriction,
necrosis, or severe ischemia) that does not meet the LR-5 criteria
[5,6]. For the CEUS LI-RADS, LR-M criteria include rim APHE and
a targetoid morphology, which is also evaluated in the CT/MRI LI-
RADS. However, unlike the CT/MRI LI-RADS, early (within 60 s)
washout and marked washout (black or punched out) are LR-M
imaging features evaluated in the CEUS LI-RADS [1].

A recent meta-analysis reported the pooled percentages of HCC
and non-HCC malignancies in the LR-M category using MRI [8].
However, no previous meta-analysis has evaluated the pooled
proportions of HCC and non-HCC malignancies categorized as
CEUS LR-M or the frequency of each CEUS LR-M imaging feature.
Therefore, the purpose of this study was to determine the proportion
of the CEUS LR-M category in HCC and non-HCC malignancies and
to determine the frequency of each CEUS LR-M imaging feature
using CEUS LI-RADS versions 2016 and 2017.
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Materials and Methods

This meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses of
Diagnostic Test Accuracy Studies statement [9]. The protocol was
registered in the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42020218653).

Literature Search Strategy

We performed a comprehensive search of the MEDLINE and Embase
databases. The search date range was January 1, 2016 to July 23,
2020 (i.e., from the publication of the CEUS LI-RADS version 2016
to the most recent search date). The detailed search strategy is
presented in Supplementary Table 1. Abstract archives from annual
meetings of the Radiological Society of North America, European
Society of Radiology, and European Society of Gastrointestinal and
Abdominal Radiology were also searched. We excluded case reports,
reviews, meta-analyses, letters, commentaries, and errata.

Study Selection

After duplicates were removed, two independent reviewers screened
article titles and abstracts. The full texts of articles with titles
or abstracts considered potentially relevant were retrieved and
reviewed in duplicate. Discrepancies were resolved by consensus
and confirmed by a third reviewer.

Data Extraction

The following variables were extracted from individual studies: (1)
study characteristics (first author, year and nation of publication,
study design, and subject enroliment); (2) study population
characteristics (number of patients, age, and sex); (3) CEUS LI-RADS
version; (4) reference standard; and (5) outcomes of interest. The
following outcomes were extracted for each study: the number of
observations categorized as CEUS LR-M; the number of HCCs, non-
HCC malignancies, and benign lesions categorized as CEUS LR-
M; and the frequency of each LR-M imaging feature (rim APHE,
early washout, and marked washout) for non-HCC malignancies.
For studies reporting results from more than one image reviewer,
consensus data or averaged data were used. Two authors
independently performed data extraction, and disagreements were
reevaluated at a consensus meeting in the presence of a third
reviewer.

Methodological Quality and Risk of Bias Assessment

The risk of bias and concerns regarding applicability were evaluated
for each study using the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS)-2 [10]. The following domains were assessed:
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patient and observation selection, the index test, the reference
standard, and the flow and timing.

Statistical Analysis

The pooled proportions of HCC and non-HCC malignancies
categorized as CEUS LR-M and their 95% confidence intervals (Cls)
were calculated using a random-effects model with the inverse
variance method and restricted maximum-likelihood estimation.
Heterogeneity was assessed using the Cochrane Q test and I”.
Meta-regression analysis was performed to explore potential
sources of heterogeneity. The pooled frequencies of individual
CEUS LR-M imaging features for non-HCC malignancies were also
assessed using a random-effects model. Funnel plots and rank
tests were used to evaluate publication bias. Statistical analyses
were performed using the 'meta’ package of R version 3.4.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

The initial search resulted in 248 studies, of which 25 articles
and two annual meeting abstracts were reviewed. Fifteen articles
were excluded after full-text review (Supplementary Table 2). The
remaining 10 eligible articles [11-20] and two annual meeting
abstracts [21,22] reported the probabilities of HCCs and non-HCC
malignancies in the CEUS LR-M category (Fig. 1). Among these,
seven articles [12,14-17,19,20] also reported the frequencies
of individual CEUS LR-M imaging features (i.e., rim APHE, early
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washout, and marked washout).

The characteristics of the included studies are summarized
in Table 1. Of the 12 included studies, three studies [11,20,21]
had prospective study designs and nine studies [12-19,22] had
retrospective study designs. There was only one case-control study
[14], while the others were cohort studies [11-13,15-22]. For
subject enrollment, eight studies [11,12,15,18-22] consecutively
enrolled subjects, while the other four studies [13,14,16,17]
selectively included subjects. Eight studies [13-18,20,22] reported
hepatitis B virus infection as the predominant etiology, while four
studies [11,12,19,21] reported other predominant etiologies such
as hepatitis C virus infection or alcohol abuse. Four articles used
CEUS LI-RADS version 2016 [11-13,19] and the other eight studies
[14-18,20-22] used CEUS LI-RADS version 2017. Regarding
the reference standard, five studies [13-15,20,22] used only the
pathological diagnosis, while seven studies [11,12,16-19,21] used
a combination of pathological diagnosis and composite imaging or
clinical follow-up.

The methodological quality of the studies assessed by the
QUADAS-2 is presented in Supplementary Fig. 1. Of the four
domains, the flow and timing domain had notable quality concerns,
with 75% of studies having high [11,20,22] or unclear [13-
16,19,21] risk of bias because they did not use the same reference
standard or because the interval between the index test and
reference standard was unclear or not stated. In the patient and
observation selection domain, 17% [13,14] and 33% [13,14,16,17]
of the studies had a high risk of bias and high concerns regarding

| MEDLINE (n=71)| | EMBASE (n=114) |

Annual meeting abstracts:
RSNA, ESR, and ESGAR (n=63)

Removed duplicate

\

v
Screened

122 articles, 63 abstracts
|

63 articles

_ | Excluded by title and abstract screen

]

Full text review
25 articles, 2 abstracts

97 articles, 61 abstracts

Excluded by full text review

\ 4

I
]
Eligible studies

18 articles, 2 abstracts
[

7 articles

Required data not available

]
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10 articles, 2 abstracts
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8 articles

Fig. 1. Flow diagram of study selection. ESGAR, European Society of Gastrointestinal and Abdominal Radiology; ESR, European Society of

Radiology; RSNA, Radiological Society of North America.
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Table 1. Characteristics of the included studies

ULTRASONOGRAPHY

Study Year  Nation Study design S it N?' g Age  Men Dormnant CEUS LI._ RADS Reference standard
type enrollment patients (year) (%) etiology version
Schellhaaset 2017 Germany Prospective ~ Cohort Consecutive 100 66 85 Non-HBV 2016 Pathology and
al. [11] (42-85) composite imaging
or clinical follow-up
Terzietal. [12] 2018 ltaly  Retrospective Cohort Consecutive 848 70 54 Non-HBV 2016 Pathology and
(31-89) composite imaging
or clinical follow-up
Lingetal.[13] 2018  China  Retrospective Cohort  Selective 56 53 82 HBV 2016 Pathology
Chenetal.[14] 2019  China  Retrospective Case-  Selective 210 55 82 HBV 2017 Pathology
control (32-84)
Lietal [15] 2019 China  Retrospective Cohort Consecutive 1,366 5212 80 HBV 2017 Pathology
Lyshchiketal. 2019 USA Prospective  Cohort Consecutive  NR NR NR  Non-HBV 2017 Pathology and
[21] composite imaging
or clinical follow-up
Zheng et al. 2020  China  Retrospective Cohort  Selective 1,826 54+12 90 HBV 2017 Pathology and
[16] composite imaging
or clinical follow-up
Huang et al. 2020  China  Retrospective Cohort  Selective 172 5211 79 HBV 2017 Pathology and
[17] (21-82° composite imaging
or clinical follow-up
Tanetal. [18] 2020 Singapore Retrospective Cohort Consecutive 45 63 71 HBV 2017 Pathology and
(34-84) composite imaging
or clinical follow-up
Makoyeva etal. 2020 Canada Retrospective Cohort Consecutive 184 62 75 Non-HBV 2016 Pathology and
[19] (27-87) composite imaging
or clinical follow-up
Zhouetal [20] 2020  China Prospective  Cohort Consecutive 96 59 84 HBV 2017 Pathology
(35-87)
Dingetal.[22] 2020  China  Retrospective Cohort Consecutive 270 52£11  NR HBV 2017 Pathology
(21-82)”

CEUS, contrast-enhanced ultrasonography; LI-RADS, Liver Imaging Reporting and Data System; HBV, hepatitis B virus; NR, not reported.

IMeanzstandard deviation (range).

applicability, respectively.

Proportion of HCC and Non-HCC Malignancies in CEUS
LR-M
The proportions of HCC and non-HCC malignancies in the CEUS
LR-M category are summarized in Fig. 2. Among 5,728 observations,
there were a total of 1,046 LR-M observations in 12 studies, of
which 579 were HCCs, 432 were non-HCC malignancies, and
35 were benign. The pooled proportions of HCC and non-HCC
malignancies in the CEUS LR-M category were 54% (95% Cl,
44% to 65%; 1°=84%; P<0.001) and 40% (95% Cl, 28% to
53%; 1°=88%; P<0.001), respectively. After excluding one case-
control study [14], the pooled proportions of HCC and non-HCC
malignancies in the CEUS LR-M category were 59% (95% Cl, 52%
to 65%; 1°’=44%; P=0.056) and 36% (95% Cl, 26% to 46%,
I’=66%; P<0.001), respectively (Supplementary Fig. 2).

Of the 298 non-HCC malignancies with specific diagnoses
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identified in nine studies [11-14,17,19,21], there were 201
intrahepatic cholangiocarcinomas, 62 metastases, 28 combined
hepatocellular cholangiocarcinomas, and three lymphomas (Table 2).
No specific diagnoses were available for 134 non-HCC malignancies
identified in three studies [15,20,22]. For the 35 benign lesions
categorized as CEUS LR-M, eight were specified in four studies
[13,16,17,19], including two bile duct adenomas, two reactive
lymphoid hyperplasias, one inflammatory pseudotumor, one liver
abscess, one hemangioma, and one regenerative nodule (Table 2).

Meta-regression Analysis

For the 10 covariates included in the meta-regression analysis
(Table 3), the nation of publication and dominant etiology were
significant factors contributing to heterogeneity. The proportion of
non-HCC malignancies in the CEUS LR-M category was significantly
lower in studies from Asian countries than in studies from Western
countries (35%; 95% Cl, 22% to 51% vs. 54%; 95% Cl, 46% to
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Table 2. Summarized diagnoses for CEUS LI-RADS category M observations
Total No.of LR-M  No.of  No. of non-HCC Non-HCC malignancy ~ No. of benign

LY observations  HCCs (%) malignancies (%) diagnoses (n) lesions (%) ESlobladneseal)
Schellhaas et al. [11] 6 3(50) 3(50) iCCA (3) 0 -
Terzietal. [12] 82 39 (48) 43 (52) iCCA (31), cHCC-CCA (8), 0 -
metastasis (2), lymphoma (2)
Ling et al. [13] 9 7(78) 1(11) iCCA (1) 1(11)  Reactive lymphoid hyperplasia (1)
Chen et al. [14] 138 38(28) 100 (72) iCCA (100) 0 -
Lietal [15] 288 172 (60) 95 (33) Not specified 21(7) Not specified
Lyshchik et al. [21] 11 5(45) 6 (55) iCCA (2), metastasis (4) 0 -
Zheng etal.[16] 354 224 (63) 127 (36) iCCA (54), cHCC-CCA (20), 3(1) Biliary adenoma (1), inflammatory
metastasis (50), others (3) pseudotumor (1), liver abscess (1)
Huang et al. [17] 20 15 (75) 2(10) iCCA (2) 3(15) Biliary adenoma (1), hemangioma (1),
reactive lymphoid hyperplasia (1)
Tanetal. [18] 1 1(100) 0 - 0 -
Makoyeva et al. [19] 26 9(34) 16 (62) iCCA (8), metastasis (6), 1(4) Regenerative nodule (1)
lymphoma (1), perivascular
epithelioid cell neoplasm (1)
Zhou et al. [20] 43 25 (58) 17 (40) Not specified 1) Not specified
Ding et al. [22] 68 41 (60) 22 (32) Not specified 5(8) Not specified

CEUS, contrast-enhanced ultrasonography; LI-RADS, Liver Imaging Reporting and Data System; LR-M, Liver Imaging Reporting and Data System category M; HCC,
hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcionoma; cHCC-CCA, combined hepatocellular cholangiocarcinoma.

Non-HCC
Study HCC (95% ClI) Study malignancies (95% ClI)
Schellhaas etal. 0.50 (0.12-0.88) an Schellhaas etal. 0.50 (0.12-0.88) B
Terzi et al. 0.48 (0.36-0.59) - Terzi et al. 0.52 (0.41-0.64) -
Ling et al. o 78 (0.40-0.97) — Ling et al. 0.1 (0.00-0.48) —@—i—
Chen et al. .28 (0.20-0.36) - Chen et al. 0.72 (0.64-0.80) -
Lietal. 0 60 (0.54-0.65) il Lietal. 0.33 (0.28-0.39) . 5
Lyshchik et al. 0.45 (0.17-0.77) —a— Lyshchik et al. 0.55 (0.23-0.83) ———
Zheng et al. 0.63 (0.58-0.68) - Zheng et al. 0.36 (0.31-0.41) =/
Huang et al. 0.75 (0.51-0.91) —— Huang et al. 0.10 (0.01-0.32) ——
Tan et al. 1.00 (0.03-1.00) Bl Tan et al. 0.00 (0.00-0.98)
Makoyeva etal.  0.35 (0.17-0.56) —a— Makoyeva etal.  0.62 (0.41-0.80) —i—
Zhou et al. 0.58 (0.42-0.73) —— Zhou et al. 0.40 (0.25-0.56) —i—
Ding et al. 0.60 (0.48-0.72) —l— Ding et al. 0.32 (0.22-0.45) —-
Random effects model 0.54 (0.44-0.65) . . . <>I . . Random effects model 0.40 (0.28-0.53) = : ,
Heterogeneity: I’=84%, P<0.001 o 02 0.4 06 0.8 1 Heterogeneity: [=88%, P<0.001 o 0.2 0.4 06 0.8 1
A B

Fig. 2. Forest plots of the pooled proportions of HCC (A) and non-HCC malignancies (B) in the CEUS LR-M category.
HCC, hepatocellular carcinoma; Cl, confidence interval; CEUS, contrast-enhanced ultrasonography; LR-M, Liver Imaging Reporting and Data
System category M.

63%; P=0.035). Studies in which hepatitis B viral infection was  criteria are summarized in Fig. 3 and Supplementary Table 3. Of the
the dominant etiologies showed lower proportions of non-HCC  three imaging features, early washout showed the highest meta-
malignancies in the CEUS LR-M categories than studies with other  analytic pooled frequency in both non-HCC malignancies (79%;
dominant etiologies (35%; 95% Cl, 22% to 51% vs. 54%; 95% CI,  95% Cl, 66% to 90%) and HCCs (15%; 95% Cl, 7% to 26%). Rim
46% to 63%; P=0.035). APHE and marked washout showed pooled frequencies of 30%
(95% Cl, 17% to 45%) and 42% (95% Cl, 21% to 64%) in non-HCC
Frequencies of CEUS LR-M Imaging Features in Non-HCC  malignancies, respectively, and 1% (95% Cl, 0% to 1%) and 3% (95%
Malignancies Cl, 2% to 6%) in HCC, respectively (Supplementary Table 3).
The frequencies of individual imaging features of the CEUS LR-M
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Table 3. Results of the meta-regression analysis of CEUS LI-RADS
category M for the proportion of HCC and non-HCC malignancies

Meta-analytic summary estimates

HCC Non-HCC malignancy P_value

(95% Cl, %) (95% Cl, %)

Year of publication 0274
Before 2020 49 (34-64) 47 (29-65)

After 2020 61(50-71) 32 (18-49)

Nation of publication 0.035
Asian 58 (46-70) 35(22-51)

Western 45 (36-54) 54 (46—-63)

Study design 0.735
Prospective 55 (42-67) 43 (31-56)
Retrospective 54 (42-66) 40 (26—55)

Subject enrollment 0.562
Consecutive 54 (47-61) 43 (34-52)

Selective 59 (34-80) 31(9-67)

Age (year) 0.096
>60 44 (33-56) 55 (43-66)
<60 58 (43-72) 35(18-54)

Men (%) 0.850
>80 55 (40-69) 41 (25-59)
<80 55 (30-79) 35(6-71)

Dominant etiology 0.035
HBV 58 (46-70) 35 (22-51)

Non-HBV 45 (36—-54) 54 (46-63)

CEUS LI-RADS version 0.486
Version 2016 53 (37-69) 42 (21-67)

Version 2017 54 (42-65) 42 (29-56)

Reference standard 0932
Pathology only 54 (38-69) 40 (23-60)

Pathology or CCRS 54 (42-66) 43 (30-58)

Patient and observation 0.732

selection in QUADAS-2
Low risk 58 (48-68) 42 (32-52)
High or unclear risk 61 (36-85) 38 (15-64)

CEUS, contrast-enhanced ultrasonography; LI-RADS, Liver Imaging Reporting and
Data System; HCC, hepatocellular carcinoma; Cl, confidence interval; HBV, hepatitis
B virus; CCRS, composite clinical reference standard; QUADAS-2, Quality Assessment
of Diagnostic Accuracy Studies-2.

Publication Bias
No significant publication bias was identified across the studies
(P=0.784) (Supplementary Fig. 3).

Discussion

In this meta-analysis, the pooled proportion of overall malignancies
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in the CEUS LR-M category was 94%, with HCCs representing
54% and non-HCC malignancies representing 40%. Substantial
heterogeneity was identified, with the nation of publication and
dominant etiology being significant factors contributing to this
heterogeneity. The frequencies of individual CEUS LR-M imaging
features varied, with early washout showing the highest frequency
for non-HCC malignancies.

The present meta-analysis revealed that the proportion of overall
malignancies in the CEUS LR-M category was high (94%), with
similarity to the proportion of the CT/MRI LR-M (93%) category
reported in a previous meta-analysis [23]. However, the pooled
proportion of HCC in the LR-M category was higher using the
CEUS LI-RADS (54%) than the CT/MRI LI-RADS (22%-36%), and
the pooled proportion of non-HCC malignancies was lower using
the CEUS LI-RADS (40%) than the CT/MRI LI-RADS (57%-77%)
[8,23,24]. This discrepancy in the pooled proportion between
CEUS and CT/MRI LI-RADS was similar in the subgroup analysis
of the present study that included only cohort studies (HCC 59%
and non-HCC malignancies 36% in the CEUS LR-M). While CEUS
LR-M shares some fundamental concepts and definitions with
CT/MRI LR-M, there are also some dissimilarities between these
categories, reflecting intrinsic differences in image acquisition (i.e.,
real-time imaging vs. non-real-time imaging) and contrast material
properties (i.e., purely intravascular microbubbles vs. low-molecular-
weight agents) [2]. Accordingly, the imaging features comprising
the LR-M criteria differ substantially between CEUS and CT/MRI LI-
RADS, except for rim APHE. The CT/MRI LR-M criteria encompass
a targetoid morphology (i.e., rim APHE, peripheral "washout,"
delayed central enhancement, targetoid restriction, and targetoid
transitional or hepatobiliary phase appearance) and a non-targetoid
mass (i.e., infiltrative appearance, marked diffusion restriction,
necrosis, or severe ischemia) that does not meet the LR-5 criteria
[5,6]. By contrast, the CEUS LR-M criteria have unique imaging
features (i.e., early washout and marked washout) in addition to rim
APHE [1,4]. These differences may have led to discrepancies in the
proportions of HCC and non-HCC malignancies categorized as LR-M
using CEUS versus CT/MRI. Although the proportions of HCC in the
LR-M category are different between CEUS and CT/MRI, classifying
atypical HCCs as LR-M may not generally be clinically problematic,
because LI-RADS recommends that such lesions should be biopsied
to obtain an accurate pathologic diagnosis.

In this meta-analysis, substantial heterogeneity was identified
among the included studies, with meta-regression analysis revealing
that the nation of publication and dominant etiology significantly
contributed to this heterogeneity. Studies from Asian countries had
a higher proportion of HCCs and a lower proportion of non-HCC
malignancies in the CEUS LR-M category than those from Western
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Study Rim APHE (95% Cl)

Terzi et al. 0.28 (0.15-0.44) —&—

Chen et al. 0.64 (0.54-0.73) ——
Li et al. 0.23 (0.16-0.31) -

Zheng et al. 0.32 (0.24-0.40) -

Huang et al. 0.00 (0.00-0.71) B——
Makoyeva etal.  0.33 (0.13-0.59) ——
Zhou et al. 0.14(0.03-0.35) ——+

Random effects model 0.30 (0.17-0.45) —

Heterogeneity: ’=89%, P<0.001 0

02 04 06 08 1

A

Marked
Study washout (95% ClI)
Terzi et al. 0.81 (0.67-0.92) -
Chen et al. 0.59 (0.49-0.69) ——
Lietal. 0.57 (0.48-0.65) —
Zheng et al. 0.13 (0.08-0.20) B
Huang et al. 0.33 (0.01-0.91) L
Makoyeva etal.  0.28 (0.10-1.53) ——
Zhou et al. 0.18 (0.05-0.40) -,
Random effects model 0.42 (0.21-0.64) —_—

Heterogeneity: 1°=95%, P<0.001 6 0'2 0'4 0I6 OI8 1

countries. This finding may be associated with geographic differences
in the dominant etiologies of underlying liver disease, with hepatitis
B being more common in Asian countries and hepatitis C or alcohol
abuse predominating in Western countries [25,26]. Chronic hepatitis
B viral infection, either with or without cirrhosis, is the dominant
etiology in Asian countries, while cirrhosis because of other causes
(e.g., chronic hepatitis C viral infection or alcohol abuse) are
more commonly noted in non-Asian countries [27]. Although the
underlying mechanism is not understood, the presence or degree of
cirrhosis may influence the interpretation of the imaging features
of hepatic focal lesions on CEUS. Further studies are needed to
understand the proportions of HCC and non-HCC malignancies in
the CEUS LR-M category based on the underlying liver disease.

This study demonstrated that the pooled frequencies of CEUS
LR-M imaging features in non-HCC malignancies varied. Of the
three CEUS LR-M criteria, early washout had the highest pooled
frequency (79%). In a previous study [19], early washout was the
only predictive CEUS LR-M feature for non-HCC malignancies in
multivariable logistic regression analysis. Meanwhile, rim APHE
on CEUS showed the lowest pooled frequency (30%) in non-HCC
malignancies. This finding contrasts with the results of a previous
meta-analysis using CT/MRI, where rim APHE had the highest
frequency in non-HCC malignancies [8]. Differences in imaging
modalities and contrast agent properties may have contributed to
the observed differences in the frequencies of imaging features
using CEUS or CT/MRI. While the interpretation using CT/MRI relies
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Early
Study washout (95% CI)
Terzi et al. 0.79 (0.64-0.90) —B—
Chen et al. 0.92 (0.86-0.97) -
Li et al. 0.63 (0.55-0.71) -
Zheng et al. 0.60 (0.51-0.68) —-
Huang et al. 0.67 (0.09-0.99) =
Makoyeva etal.  0.94 (0.73-1.00) ——
Zhou et al. 0.82 (0.60-0.95) ——
Random effects model 0.79 (0.66-0.90) —

Heterogeneity: I’=88%, P<0.001 (I) 0I2 0I4 0|6 OI8 1

Fig. 3. Forest plots of the pooled frequencies of CEUS LR-M
imaging features for non-HCC malignancies.

These imaging features included rim arterial phase hyperenhancement
(A), early washout (B), and marked washout (C). APHE, arterial phase
hyperenhancement; Cl, confidence interval; CEUS, contrast-enhanced
ultrasonography; LR-M, Liver Imaging Reporting and Data System
category M; HCC, hepatocellular carcinoma.

on static phases, CEUS permits a real-time assessment [2]. This
provides superior temporal resolution compared to CT/MRI and also
virtually prevents imprecise timing of the arterial phase [1,2]. In
addition, the appearance of washout on CEUS reflects true washout,
which can be measured using a quantitative time-intensity curve
[28,29], whereas that on CT/MRI may reflect increased enhancement
of surrounding parenchyma rather than a true decline of tumor
enhancement [1]. The purely intravascular contrast agents used for
CEUS cannot pass through the vascular endothelial fenestration; thus,
non-HCC malignancies, such as intrahepatic cholangiocarcinoma,
show early onset and marked degree of washout due to low blood
volume in the tumor [1,30]. In contrast, the low-molecular-weight
contrast agents used for CT/MRI can pass through the permeable
endothelium into the interstitial space and gradually accumulate in
the centrally located fibrous stroma, which results in delayed central
enhancement and peripheral washout in non-HCC malignancies
[1,30].

This study has several limitations. First, substantial heterogeneity
was noted, potentially affecting the general applicability of our
summary estimates. To identify potential factors contributing to this
heterogeneity, a meta-regression analysis was performed; however,
this issue remained a matter of concern. Second, a limited number of
prospective studies were available for our meta-analysis, indicating
a risk of selection bias and a major methodological limitation.
Third, we could not conduct subgroup analyses based on the size
of hepatic observations, the presence of cirrhosis, or the etiologies

e-ultrasonography.org


http://www.e-ultrasonography.org

Meta-analysis of CEUS LR-M

of underlying liver disease because of incomplete reporting and
data unavailability. Fourth, this meta-analysis only included studies
published in English; therefore, potentially eligible studies published
in other languages may have been omitted.

In conclusion, among observations categorized as CEUS-LR-M,
94% were malignancies, with HCCs representing 54% and non-
HCC malignancies representing 40%. The frequencies of different
CEUS LR-M imaging features varied, with early washout showing
the highest frequency for non-HCC malignancies.
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