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Background: The Liver Imaging Reporting and Data System (LI-RADS) for contrast-enhanced
ultrasonography (CEUS) was invented to define suspected liver nodules based on their imaging
characteristics. Among the categories of nodules of LI-RADS for CEUS, LR-5 is generally considered to
be definitely malignant; however, the exact diagnostic performance of this liver nodule category has varied
between different studies. Therefore, we performed this systematic review and meta-analysis to calculate
the pooled diagnostic sensitivity, specificity based on important data extracted from some influential
clinical studies.

Methods: A preliminary search of national and international databases, including PubMed/Ovid Medline,
Embase, Cochrane Library, Web of Science, and Wan Fang Data, for relevant studies on CEUS LI-RADS
LR-5 published between January 2017 and June 2021 was conducted. A literature screening and selection
process was undertaken to evaluate the relevance of the articles, and studies deemed eligible for inclusion in
the review were subsequently identified. The updated Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool was applied as the main method to assess the risk of bias and applicability of the studies.
A meta-analysis of the diagnostic sensitivity and specificity of CEUS LI-RADS LR-5 was performed using
the free software, Meta-DiSc 1.4 (Ramény Cajal Hospital, Madrid, Spain). The area under curve (AUC)
was calculated to help determine the diagnostic efficiency. A meta-regression analysis was also performed to
identify factors that could have contributed to heterogeneity between the studies.

Results: Twelve studies with 20 observations focused on investigating the relative diagnostic
performance of the CEUS LI-RADS LR-5 category for hepatocellular carcinoma (HCC) detection were
finally recruited into the systematic review and meta-analysis. The pooled diagnostic sensitivity was 0.71
[95% confidence interval (CI): 0.69-0.72], with heterogeneity (I*) of 88.4%, and the pooled specificity
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was 0.93 (95% CI: 0.92-0.95), with an I of 71.2%. Study heterogeneity was observed and statistically

correlated with the number of centers and the reference standard.
Conclusions: The CEUS LI-RADS LR-5 category has satisfactory diagnostic efficacy for HCC, as
evidenced by an acceptable diagnostic sensitivity of 0.71 and a good diagnostic specificity of 0.93.
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Introduction

Hepatocellular carcinoma (HCC) is acknowledged for its
insidious onset, rapid progression, high rate of post-surgical
recurrence, and frequent intrahepatic and extrahepatic
metastases. Globally, HCC ranks sixth among all cancers for
disease morbidity and third for tumor-related mortality (1).
Owing to the characteristic imaging patterns of HCC,
most patients are diagnosed before surgery on the basis of
radiologic findings detected during enhanced computed
tomography (CT) or enhanced magnetic resonance imaging
(MRI) examinations, for example (2,3). Moreover, the
tendency of uncontrollable hemorrhage, the possibility of
biopsy-related tumor metastasis, and the likelihood of false
negative results due to the size and location of nodules mean
that imaging techniques are safer and more convenient pre-
surgical procedures for the diagnosis and evaluation of HCC
than other diagnostic methods such as needle biopsy (4).

Despite the advancement in liver imaging techniques
and increasing levels of expertise, the identification and
assessment of small liver nodules—especially those of less
than 2 cm in diameter—remains a challenge (5). Misdiagnosis
or false negative diagnosis of suspected nodules impedes
early radical surgery and greatly contributes to the high
mortality of HCC. Further, incorrect classification of benign
lesions, such as hepatitis B virus-related nodules and hepatic
hemangioma, as malignant causes patients pain and suffering,
and has occurred persistently in clinical practice (6).

Besides enhanced CT and MRI, contrast-enhanced
ultrasonography (CEUS) has increasingly been applied in
both the screening of populations at high risk of HCC and
the assessment of suspected liver nodules, mainly due to its
potential to enable the dynamic observation of a particular
liver nodule during the influx, dispersion, and absorption
of the contrast agent (7). With the purpose of boosting the
accuracy of diagnosis by raising the sensitivity and specificity,
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and promoting a more professional and optimized diagnostic
process, the Liver Imaging Reporting and Data System
(LI-RADS) for CEUS was introduced in 2016 by the
American College of Radiology (ACR). Using the contrast
agent SonoVue (Bracco Imaging S.p.A., Milan, Italy), this
system categorizes liver nodules based on size, pattern of
enhancement in the arterial phase, type of washout, as well
as the duration between enhancement and washout (8). The
system categorizes nodules into five categories which reflect
the relative probability of HCC (LR-1 to 5) along with the
category of LR-M (probable malignancy but not HCC-
specific). In 2017, another updated version of the LI-RADS by
CEUS was published to improve the diagnostic efficiency (9).
Determining the substance of liver nodules is of
paramount significance to evaluating the necessity of radical
surgery. According to the LI-RADS, the LR-5 category on
CEUS is highly indicative of HCC and may be a sufficient
indication for surgical removal, providing that the mass
is considered resectable on the basis of its size, location,
relationship to other tissues, and possibility of remote
metastasis, etc. (10,11). Therefore, the accurate, precise,
and timely recognition of LR-5 nodules is mandatory for
promoting early resection and a preferable prognosis. To
date, several studies have examined the diagnostic efficiency
of LR-5 for HCC (12-23). However, these studies have
provided relatively inconsistent results for diagnostic
sensitivity and specificity. Moreover, the characteristics of
patients have also been significantly inconsistent between
studies. For example, over one-half of the patients included
in Terzi et al.’s study had a background of hepatitis C virus
(HCV)-related liver cirrhosis, which represented a larger
proportion of the study population than in other studies (22).
While two high-quality meta-analyses have been
carried out to determine the exact diagnostic performance

of enhanced MRI LI-RADS, similar comprehensive
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studies regarding CEUS LI-RADS are scarce (24,25).
As mentioned above, the determination of LR-5 nodules
is a crucial step in a patient’s long-term treatment and
rehabilitation; therefore, it is necessary to undertake
further research to collect evidence of the exact diagnostic
efficiency of the CEUS LI-RADS LR-5 category in terms
of sensitivity and specificity (26). To this end, we conducted
a systematic review and meta-analysis based on already
published data to determine the diagnostic efficiency of the
CEUS LR-5 category for HCC. We present the following
article in accordance with the PRISMA-DTA reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-591/rc).

Methods

We registered this study on the International Platform of
Registered Systematic Review and Meta-analysis Protocols
(registration No. INPLASY2022100011).

Search of the literature

To avoid missing important studies for inclusion in the
literature review, we thoroughly searched for relevant clinical
research articles reporting on the diagnostic efficiency
of CEUS LR-5 for HCC in major medical databases
including PubMed, Ovid, Medline, Embase, the Cochrane
Library, and Web of Science. For thoroughness, we also
performed a literature search in some of the Chinese medical
databases, such as the CNKI (China National Knowledge
Infrastructure) and Wanfang Data. The English language
search words were (“hepatocellular carcinoma” OR “liver
cancer” OR “liver tumor” OR “liver nodule” OR “liver mass”
OR “liver lesion” OR “HCC”) AND (“contrast-enhanced
US” OR “contrast-enhanced ultrasonography” OR “contrast-
enhanced ultrasound” OR “CEUS”) AND (“LI-RADS”
OR “liver reporting and data system”). Since LI-RADS was
first introduced in 2016 and refined in 2017, we limited the
publication time from January 2017 to June 2021. Studies
written in languages other than English were not considered
for inclusion in this meta-analysis.

Eligibility criteria
After a primary search for studies in the selected databases,
we removed articles which were deemed unnecessary or

irrelevant to the meta-analysis. This process was carefully
carried out following strict inclusion and exclusion
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criteria by HJ and MZ under the supervision of LH. The
inclusion criteria for articles were as follows: (I) contained
data directly relating to the diagnostic efficiency of
LR-5 for HCC in patients with undefined but suspected
liver nodules; (IT) the full text could be downloaded and
appraised; and (III) pathological examination had been used
as the gold standard for assessing the diagnostic efficacy of
CEUS LR-5 for HCC.

The main exclusion criteria included the following:
(I) the standard version of LI-RADS was not applied
in the imaging diagnosis; (II) an inadequate number of
lesions (<50) was reported; and (III) the exact numbers of
positive or negative diagnoses by LR-5 and by pathological
examination were not reported, meaning the sensitivity and

specificity could not be pooled.

Extraction of data

After the completion of the article selection process, the
full texts were acquired and scrupulously read. Data on the
outcome indicators of this meta-analysis, including true
negative (TN), false negative (FN), true positive (TP),
false positive (FP), and diagnostic accuracy values, were
primarily extracted. Other fundamental information about
each study was also extracted, including the country where
the study was conducted, first author, year of publication,
study type, study design, number of medical centers
involved, number of patients enrolled (including year of
enrollment, mean age, and sex), number of liver lesions,
average lesion size, number of ultrasound systems, type of
contrast agent, version of CEUS LI-RADS, and reference
standard. Two reviewers were appointed to extract the data
(YC and QH), and a third reviewer (WB) helped to settle

any disagreements that occurred.

Quality assessment

To ensure the quality of the pooled results in this study,
particular attention was paid to the quality of the studies
selected for meta-analysis. Studies with potential problems
concerning risk of bias were no longer considered. In this
process, we mainly referred to the QUADAS-2 evaluation
system (27). This work was undertaken collaboratively by
LZ and XC under the guidance of WL.

Statistical analysis

Since some studies reported on imaging classification
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Identification of studies via databases and registers

Records identified from:
¢ Databases (n=216)
* Registers (n=10)

Identification

Records removed before screening:

* Duplicate records removed (n=83)

Y

Records screened
(n=143)

Records excluded if relevancy was poor

(n=78)

Y

Reports sought for retrieval
(n=65)

Reports not retrieved

Y

(n=9)

Y

Screening

Reports assessed for eligibility
(n=56)

Reports excluded:

Y

* Full-texts could not be assessed
(n=8)

¢ Included overlapping data (n=3)

¢ Failed to include adequate number of
nodules (n=5)

¢ If it was case reports, letters,
editorials, comments, animal studies
or reviews (n=28)

Studies included in review
(n=12)

Reports of included studies
(n=12)

Included

Figure 1 PRISMA flow diagram of the article selection process.

performed by two or more radiology experts, we treated
data from a particular expert as an individual unit when
pooling the results. The meta-analysis was performed
using Meta-DiSc 1.4 (Ramény Cajal Hospital, Madrid,
Spain). In this process, the hierarchical summary receiver
operating characteristic (HSROC) model and the area
under curve were applied and calculated to help determine
the diagnostic efficacy of CEUS LR-5 for HCC. A meta-
regression analysis was also conducted to identify factors
that potentially contributed to the heterogeneity between
studies.

Results
Literature selection

A total of 226 records were identified in the international
and Chinese medical databases. After the removal of 83
duplicated records, 143 studies remained. A further 78
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studies were removed following an assessment of study
relevancy. Subsequently, 8 studies were excluded due to
the unavailability of their full texts, and 28 studies were
excluded due to being case reports, letters, editorials,
comments, animal studies, or reviews. After the exclusion
of 5 articles without adequate lesions and 3 studies with
overlapping data, 12 studies were finally deemed eligible for
inclusion in the meta-analysis. The steps of article screening

are shown in Figure 1.

Study characteristics

Twelve eligible studies with full-texts and original TP, TN;
FP, and FN data were incorporated into the meta-analysis
(12-23). Among the studies, 7 were carried out in China
(12-14,16,17,19,20), 1 in Canada (15), 2 in Germany (21,23),
1 in Italy (22), and 1 in Korea (18). Two of the studies were
prospective (18, 23), while the other 10 were retrospective
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(12-17,19-22). Two of the studies were launched in multiple
centers (17,22) and the remaining 10 studies (12-16,18-
21,23) were conducted in single (hospital) centers. Eleven
studies (12-17,19-23) used SonoVue (Bracco Imaging
S.p.A., Milan, Italy) as the contrast agent, and 1 study
used SonoVue and Sonazoid (GE Healthcare, Milwaukee,
WI, USA) (18). The reference standards were pathology,
composite imaging, and follow-up. The details of the
studies that were finally included are recorded in 7able 1.

Characteristics of patients and lesions

In summary, 5397 patients with 5911 focal liver lesions
were taken into consideration in this meta-analysis. The
studies conducted by Zheng ez al. (16) (1,826 patients and
2,020 lesions) and Li er a/l. (19) (1,366 patients and 1,366
lesions) included the largest number of patients and lesions.
The study with the fewest patients was that of Schellhaas
et al. 21) (39 patients and 55 lesions). Patient information,
including sex, age, years of study enrollment, and lesion size
and pathology, are shown in 7able 1.

Quality assessment

All studies underwent quality assessment procedures
according to the QUADAS-2 protocol. The 12 included
studies were generally found to be high-quality studies, with
low risk for patient selection, index test, reference standard,
and flow and timing. Only 2 studies had unclear risk for
patient selection in terms of risk of bias, and only 2 studies
had unclear risk for patient selection and index test in terms
of applicability. However, although the 12 studies were of
a relatively high quality, there did exist concerns regarding
the index test domain. For instance, several of the studies
chose pathology as the only standard reference, while some
studies reported incorporated results for other imaging
techniques and long-term follow-up. Moreover, several
studies failed to report the exact interval between the
index test and the reference standard. The detailed quality
evaluation by QUADAS-2 is shown in Figure SI.

Diagnostic performance of LR-5

The forest plot of the pooled sensitivity of LR-5 is shown
in Figure 2A. The pooled sensitivity from 20 radiologists
(Schellhaas et al. reported results from 3 radiologists; Zhou
et al. reported results from 6 radiologists) was 0.71 [95%
confidence interval (CI): 0.69-0.72] with heterogeneity
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(I’) of 88.4%. The highest sensitivity recorded was 0.94
(95% CI: 0.81-0.99) by one of the experts in Schellhaas
et al’s study, and the lowest sensitivity was 0.45 (95% CI:
0.33-0.57) from an expert in Zhou et al.’s study. Ten of the
20 sensitivity data items ranged from 61% to 80%. The
forest plot of LR-5 specificity is shown in Figure 2B. The
pooled specificity from the 20 radiologists was 0.93 (95%
CI: 0.92-0.95), with an I’ of 71.2%. The highest specificity
recorded was 1.00 (95% CI: 0.79-1.00) by an expert in the
Kang et al’s study, and the lowest specificity recorded was
0.50 (95% CI: 0.07-0.93) by an expert in Schellhaas er al.’s
study. In 16 out of 20 cases, the specificity exceeded 81%,
which is high. The pooled diagnostic odds ratio (Figure 2C)
was 28.23 (95% CI: 17.02-46.81), with an I? of 74.6%. The
pooled positive likelihood ratio was 8.62 (95% CI: 5.55-
13.38), with an I’ of 76.8%. The pooled negative likelihood
ratio was 0.35 (95% CI: 0.30-0.41), with an I’ of 88.4%.
The summary receiver operating characteristic (SROC)
curve was drawn, and the area under the curve was 0.8612.
The SROC curve is shown in Figure 2D. The distribution
of sensitivity and specificity is shown in Figure 3.

Meta-regression analysis

Various covariates were carefully analyzed with respect
to their relationship to the pooled study heterogeneity.
They included study design (case-control or cohort
study), study type (prospective or retrospective), number
of medical centers involved, number of patients enrolled,
number of lesions, number of ultrasound systems, contrast
agents, LI-RADS version, and reference standard. Among
the above-mentioned covariates, the number of medical
centers (P=0.009) and the reference standard (P=0.035)
were statistically correlated with study heterogeneity.
Specifically, combined use of pathology and imaging follow-
up as the reference standard had a higher sensitivity than
did pathology alone (0.73 vs. 0.60, P=0.035). Also, studies
conducted in a single medical center were found to have
higher sensitivity than those conducted in multiple medical
centers (0.72 vs. 0.57, P=0.009). The results of the meta-
regression analysis are reported in Zable 2.

Discussion

In this meta-analysis, we included 12 studies (7 of which
were conducted after 2020) on the diagnostic efficiency of
CEUS LI-RADS LR-5 for HCC, as measured by sensitivity
and specificity. Through our analysis, we found that CEUS
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Table 1 Basic information of the included studies

) . . No. of
Study Author/year Country Stugy Study type Center Nc.>. of Patient age Patient sex Years of enrollment NO.' of  Lesionsize  No. O_f HCC Number of non-HCC malignancies  benign No. of US systems Contrast LI_RA.DS Reference standard
design patients (male/female) lesions [mm] lesions lesions agent version
1 Ding 2021 (12) China Cohort Retrospective Single center 239 59.1 182/57 June 2017-Jan 2019 273 30.7 [10-61] 225 22 (ICC: 12; cHCC-CCA: 8; 26 Single system SonoVue 2017 Pathology
[51.1-67.1] metastasis: 2)
2 Wang 2020 (13) China Cohort Retrospective Single center 258 52 [21-82] 192/66 Mar 2015-Nov 2017 355 25 [6-183] 115 5 (ICC: 2; cHCC-CCA: 1; others: 2) 235 Single system SonoVue 2017 Pathology, imaging and follow-up
3 Huang 2020 (14) China Cohort Retrospective Single center 172 52 [21-78] 136/36 Jan 2015-Feb 2018 175 16 [8-20] 105 3 (ICC: 2; others: 1) 67 Single system SonoVue 2017 Pathology, imaging and follow-up
4 Makoyeva 2020 (15) Canada Cohort Retrospective Single center 184 62 [27-87] 138/46 2008-2016 196 NA 139 18 (ICC: 9; cHCC-CCA: 1; 39 Multiple systems  SonoVue 2016 Pathology, imaging and follow-up
metastasis: 6; others: 2)
5 Zheng 2020 (16) China Cohort Retrospective Single center 1826 64 [44-62] 1642/184 Jan 2004-Dec 2016 2020 NA 1514 138 (ICC: 57; cHCC-CCA: 24; 368 Single system SonoVue 2017 Pathology, imaging and follow-up
metastasis: 53; others:4)
6 Zhou 2022 (17) China Cohort Retrospective Multi-center 96 58.5 [35-87] 81/15 May 2017-Dec 2018 96 42.7 [9.9-169] 67 22 (NA) 7 NA SonoVue 2017 Pathology
7 Kang 2020 (18) Korea Cohort Prospective Single center 59 65 [49-86] 47/12 Feb 2019-Aug 2019 59  10-50 mm: 52; 43 10 (ICC: 6: cHCC-CCA: 3; others: 1) 6 Multiple systems SonoVue/ 2017 Pathology, imaging and follow-up
>50 mm: 7 Sonozoid
8 Li 2019 (19) China Cohort Retrospective Single center 1366 52 [NA] 1097/269 Jan 2014-Dec 2017 1366 35 [56-200] 985 139 (ICC: 59; cHCC-CCA: 14; 242 Single system SonoVue 2017 Pathology
Metastasis: 62; Others: 4)
9 Chen 2019 (20) China Case- Retrospective Single center 210 55 [32-84] 163/47 Nov 2003-Dec 2017 210 <30 mm: 25; 105 105 (ICC: 105) 0 Three systems  SonoVue 2017 Pathology
control 31-50 mm: 47;
>50 mm: 138
10 Schellhaas 2018 (21) Germany Cohort Retrospective Single center 39 66 [53-86] NA NA 55 NA 48 2 (ICC: 2) 5 Single system SonoVue 2016 Pathology, imaging and follow-up
11 Terzi 2018 (22) Italy ~ Cohort Retrospective Multi-center 848 70 [31-89] 457/391 Jan 2005-Dec 2015 1006 20 [5-150] 820 53 (ICC: 40; cHCC-CCA: 9; others: 4) 133  Multiple systems SonoVue 2016 Pathology, imaging and follow-up
12 Schellhaas 2017 (23) Germany Cohort Prospective  Single center 100 66 [42-85] 85/15 NA 100 52.2 [10-290] 87 6 (ICC: 6) 7 Three systems  SonoVue 2016 Pathology, imaging and follow-up

HCC, hepatocellular carcinoma; US, ultrasound; LI-RADS, liver imaging reporting and data system; NA, not available; ICC, intrahepatic cholangiocarcinoma; cHCC-CCA, combined hepatocellular-cholangiocarcinoma.
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Figure 2 Diagnostic performance of LR-5 on CEUS for HCC. (A) Forest plot of sensitivity; (B) forest plot of specificity; (C) forest plot of
DOR; (D) SROC curve. CEUS, contrast-enhanced ultrasonography; HCC, hepatocellular carcinoma; DOR, diagnostic odds ratio; SROC,

summary receiver operating characteristic; AUC, are under curve; SE, standard error.
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Figure 3 Distribution pattern of diagnostic sensitivity
and specificity of LI-RADS LR-5 on contrast-enhanced
ultrasonography for hepatocellular carcinoma. LI-RADS, Liver
Imaging Reporting and Data System.
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LI-RADS LR-5 had a suboptimal pooled diagnostic
sensitivity of 0.71 of LR-5 for HCC but a high pooled
diagnostic specificity of 0.93, which proved that LR-5 can
reduce the false positive rate to a large extent. This result
indicates that the present approach to directly diagnosing
HCC on the basis of the LI-RADS LR-5 category observed
on CEUS, without pathological evidence, is quite reliable.
However, we acknowledge that the existence of some
heterogeneity between the studies in the meta-analysis
might have influenced the outcome.

According to past research concerning the diagnostic
performance of CT/MRI LI-RADS, the diagnostic
sensitivity and specificity were higher in our study (71%
and 93% respectively) than in the previous meta-analysis
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Table 2 Results of meta-regression analysis of the sensitivity and specificity of contrast-enhanced ultrasound LR-5 for diagnosing hepatocellular

carcinoma
Covariates Subgroup No. of e.xperTS Meta-analysis summary estimate
reading Sensitivity P value Specificity P value
Study design Cohort 19 0.67 (95% CI: 0.61-0.74) 0.48 0.89 (95% ClI: 0.83-0.94) 0.58
Case control 1 0.57 (95% CI: 0.47-0.67) 0.96 (95% CI: 0.91-0.99)
Study type Retrospective 17 0.67 (95% CI: 0.60-0.73) 0.88 0.89 (95% CI: 0.83-0.95) 0.92
Prospective 3 0.68 (95% Cl: 0.53-0.83) 0.90 (95% Cl: 0.81-0.99)
Center Single center 13 0.72 (95% CI: 0.65-0.80) 0.009 0.87 (95% ClI: 0.79-0.95) 0.35
Multi-center 7 0.57 (95% CI: 0.52-0.62) 0.93 (95% CI: 0.83-0.99)
No. of patients <100 11 0.62 (95% ClI: 0.53-0.70) 0.056 0.87 (95% ClI: 0.78-0.95) 0.367
>100 9 0.73 (95% CI: 0.67-0.79) 0.92 (95% ClI: 0.86-0.98)
No. of lesions <100 11 0.62 (95% CI: 0.53-0.70) 0.056 0.87 (95% ClI: 0.78-0.95) 0.367
>100 9 0.73 (95% Cl: 0.67-0.79) 0.92 (95% Cl: 0.86-0.98)
Number of US Single system 14 0.66 (95% Cl: 0.59-0.74) 0.792 0.87 (95% ClI: 0.81-0.94) 0.387
systems Multiple systems 6 0.68 (95% Cl: 0.58-0.79) 0.93 (95% Cl: 0.88-0.98)
Contrast agent SonoVue 18 0.67 (95% CI: 0.61-0.73) 0.924 0.88 (95% CI: 0.81-0.94)  <0.001
SonoVue & 2 0.66 (95% CI: 0.41-0.91) 1.00
Sonozoid
LI-RADS version v. 2016 6 0.72 (95% ClI: 0.59-0.85) 0.281 0.77 (95% ClI: 0.63-0.91) 0.058
v. 2017 14 0.65 (95% CI: 0.58-0.71) 0.94 (95% ClI: 0.92-0.96)
Reference Pathology only 9 0.60 (95% CI: 0.54-0.66) 0.035 0.92 (95% CI: 0.90-0.94) 0.331
standard Pathology & imaging 11 0.73 (95% Cl: 0.64-0.81) 0.86 (95% ClI: 0.77-0.96)
& follow-up

Cl, confidence interval; US, ultrasound; LI-RADS, Liver Imaging Reporting and Data System.

of CT/MRI LI-RADS (62% and 92%, respectively),
which suggests that the diagnostic efficiency of CEUS is
comparable to that of CI/MRI (28). Furthermore, the fact
that CEUS is safer, cheaper, and more convenient supports
its value in both the early diagnosis and final diagnosis of
HCC (14,18,25-26). However, researchers have pointed out
that CEUS also has some shortcomings. First and foremost,
observation of the liver through CEUS may be affected by
air in the thorax, resulting in poor visualization of masses
near the diaphragm (29). Furthermore, masses located deep
in the liver (>12 cm), especially those in the right lobe, are
sometimes missed on CEUS (30). Finally, observations on
CEUS can be affected by a patient’s failure to inhale and
exhale in accordance with instruction, especially when the
patient is older and has concomitant cardio-pulmonary
insufficiency (31).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

However, despite the above shortcomings, CEUS did
show higher sensitivity and specificity in our meta-analysis
than it did in other meta-analyses regarding CT/MRI LI-
RADS (28). Therefore, due to the specific principles of LI-
RADS of CEUS and CT/MRI, CEUS might supplement
the clinical value than CT/MRI, displaying a lower
missed diagnosis rate and a lower false positive rate (32).
Furthermore, according to the still and pre-set imaging
techniques in a previous study, CT/MRI was not able to
observe the existence of hyperenhancement in both the early
and late arterial phase, which was possible in the CEUS
examination (33). Consequently, the CEUS LI-RADS might
increase diagnostic accuracy by providing more detailed and
specific judging criteria than the CT/MRI LI-RADS. Also,
according to the 2017 version of the CEUS LI-RADS, the
LR-5 category is assigned when lesions are bigger than
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10 mm and show arterial-phase hyperenhancement with
washout, while the LR-4 category is assigned based on
the same conditions but in the absence of washout (34).
However, the 2018 version of the CT/MRI LI-RADS
assigns LR-5 based on the comparatively rigorous criteria
of lesion size between 10 and 20 mm, with non-rim arterial-
phase hyperenhancement, and non-peripheral washout (35).
Therefore, this difference might have contributed to the
comparatively high sensitivity of CEUS LI-RADS LR-5
for HCC observed in this study. From another perspective,
the specific physical, chemical, and biological features of
contrast agents can result in potentially different patterns in
imaging signs. The contrast agents used for CEUS manifest
as intravascular microbubbles, which show clearer and more
typical enhancement patterns of HCC and intrahepatic
cholangiocarcinoma, and thus, may contribute to higher
diagnostic accuracy and specificity (36,37). Moreover,
since CEUS and CT/MRI rely on different diagnostic
parameters due to distinct image acquisition techniques and
the properties of contrast agents, a couple of studies have
suggested that CEUS should be supplemented if results of
more than 2 imaging techniques contradicted (38).

As reported before, diagnostic sensitivity, specificity,
and accuracy may be influenced by several factors, such
as features of lesions and concomitant underlying chronic
liver diseases (39). Important features of lesions, including
location, size, and differentiation stage, result in visual
differences (40). Specifically, lesions close to the diaphragm
(observation of which can be affected by air in the thorax),
lesions in the lateral portion of the left liver and in the
lower, lateral portion of the right liver (observation of
which can be affected by air in the gastrointestinal tract),
lesions that are small in size (less than 1.5 cm), and lesions
with a high differentiation status can result in high false
negative rates (41). Also, one article included in this meta-
analysis reported the use of Sonazoid (as perfluorobutane
microbubbles) as the contrast agent in CEUS, with two
independent experts recording sensitivities of 0.53 and 0.79,
respectively, and specificities of 1.00 and 1.00, respectively,
which represents satisfactory sensitivity and extremely high
specificity.

To date, a dozen studies have been implemented
to measure the relative diagnostic efficacy of the two
commonly applied contrast agents in CEUS, SonoVue
(Bracco Imaging S.p.A., Milan, Italy) and Sonazoid (GE
Healthcare, Milwaukee, WI, USA) (42,43). In one study,
SonoVue typically provided a vascular phase and post-
vascular phase in which early hyperenhancement and fast

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

washout could be observed in HCC nodules (44). However,
atypical HCC lesions with late washout during the delayed
phase could profoundly contribute to the augmentation
of false negative cases. Like CEUS with SonoVue, CEUS
with Sonazoid enables vascular phase imaging; however, it
has the additional advantage of allowing for Kupffer phase
imaging, which typically starts from 10 mins to 15 mins after
Sonazoid injection. In the normal liver parenchyma, Kupffer
cells absorb Sonazoid so that the liver shows enhancement
during the Kupffer phase (45). However, HCC lesions
which do not contain Kupffer cells can manifest as defects
in the Kupffer phase. Perfusion defects in the Kupffer
phase greatly facilitate and promote the characterization
of HCC, even in lesions with atypical arterial phase and
delayed phase manifestations. In recent years, an increasing
number of studies have encouragingly discovered comparable
diagnostic accuracy between CEUS with Sonazoid and
with Sonovue, which has provided physicians with more
options in the selection of contrast agents. In 2018, Zhai
et al. recruited 65 patients with HCC to compare the
function of CEUS using Sonozoid and SonoVue. Their
results demonstrated that Sonozoid and Sonovue increased
the diagnostic accuracy for HCC nodules by 30% and 16%,
respectively (46). In another prospective study conducted in
17 medical centers in China and Korea, three experienced
ultrasound readers reported increases in diagnostic accuracy
of 24.2%, 14.6%, and 16.7% for SonoVue, and 18.1%,
22.1%, and 17.0% for Sonazoid, compared with B-mode
ultrasound (47). In 2020, a systematic review included three
studies with outcomes of diagnostic accuracy for CEUS
with Sonazoid and one study of CEUS with SonoVue (48).
The diagnostic accuracies of Sonazoid reported in the three
studies were 92% (65 lesions), 95% (41 lesions), and 88% (16
lesions), and the diagnostic accuracy of SonoVue was 98%
(86 lesions). Therefore, we believe that Sonazoid is a strong
supplemental contrast agent for CEUS in the diagnosis of
HCC, especially in the case of atypical nodules which are
either difficult to distinguish under B-mode ultrasound or
which do not manifest with fast washout or early arterial
hyperenhancement in the pure vascular phase of SonoVue.
More importantly, Sonazoid is also preferable because it
offers the potential to conduct repeated and multiple scans
during the Kupffer phase, owing to its tolerability and
stability. Specifically, research has shown that a supplementary
injection of Sonazoid can be given to promote reperfusion in
the defect area during the Kupffer phase and, if early-stage
wash-in reappears in the defect area during the new vascular

stage, HCC can be diagnosed (49).
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Since the studies in our meta-analysis used distinct study
designs and methods, between-study heterogeneity was
inevitable. By meta-regression analysis, both the number
of centers and the reference standard were found to have
directly led to the study heterogeneity observed. In this
meta-regression analysis, 9 observations were compared to
pathological results only, while the other 11 observations
were compared to results of pathology combined with
imaging examination and long-term follow-up. The 11
observations which were compared to both pathological and
imaging results yielded much higher sensitivity than did the
9 observations that were compared to pathological results
alone. Since CEUS might have been used as a technique in
imaging examination, we therefore supposed that reference
standard bias might exist.

To the best of our knowledge, our study incorporated
recent studies published after June 2020, and thus provides
more accurate and comprehensive information on the topic.
Still, we acknowledge several limitations of our study which
might have led to bias. Firstly, heterogeneity persisted
among the studies, including inconsistency in patient
numbers, patient ages, and tumor sizes. Secondly, the
number of clinical trials published within the date range was
small, which might amplify the effects of individual studies.

Conclusions

The CEUS LI-RADS LR-5 category demonstrated
a satisfactory diagnostic specificity for HCC but had
suboptimal diagnostic sensitivity. Study heterogeneity was
observed and was found to be related to the number of
medical centers involved as well as the reference standard.
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