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Abstract
Background: This study aimed to compare the diagnostic values of contrast-enhanced ultrasound (CEUS) and contrast-
enhanced computed tomography (CECT) in detecting small hepatocellular carcinoma (SHCC).

Methods: A series of related articles from 2001 to 2015 were searched in PubMed and Embase databases. Data from selected
articles were pooled to analyze the sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic
odds ratio (DOR), and summary receiver operating characteristic (SROC) curve using Meta-DiSc software. Heterogeneity was
estimated using x2-based Cochran-Q test and I2-statistics, and publication bias was estimated using Egger test in Stata software.

Results: In total, 8 high-quality articles based on 623 subjects including 318 SHCC cases were included. For the extracted data, no
heterogeneity and publication bias were observed among these studies. The following respective data on CEUS and CECT were
pooled: sensitivities: 0.75 (95% confidence interval [CI]: 0.70–0.80) and 0.74 (95% CI: 0.68–0.78); specificity: 0.91 (95% CI:
0.87–0.94) and 0.92 (95% CI: 0.89–0.95); PLRs: 5.99 (95%CI: 3.28–10.92) and 7.76 (95% CI: 3.12–19.28); NLRs: 0.31 (95% CI:
0.20–0.49) and 0.32 (95% CI: 0.20–0.50); DORs: 27.38 (95% CI: 14.38–52.11) and 30.02 (95% CI: 9.32–96.62). Area under the
SROC curve: 0.91 and 0.89 and no significant statistical result was identified between them (Z=0.23, P= .82).

Conclusion: CEUS showed a diagnostic ability comparable to that of CECT in detecting SHCC.

Abbreviations: AUC = area under curve, CECT = contrast-enhanced computed tomography, CEUS = contrast-enhanced
ultrasound, CI= confidence interval, CIs= confidence intervals, DOR= diagnostic odds ratio, HCC = hepatocellular carcinoma, NLR
= negative likelihood ratio, PLR = positive likelihood ratio, QUADAS = quality assessment of diagnostic accuracy studies, SHCC =
small hepatocellular carcinoma, SROC = summary receiver operating characteristic.

Keywords: contrast-enhanced computed tomography, contrast-enhanced ultrasound, diagnostic value, small hepatocellular
carcinoma, summary receiver operating characteristic
1. Introduction

Hepatocellular carcinoma (HCC) is one of the most malignant
cancers and the fourth leading cause of cancer-related death
worldwide.[1] Most HCCs occur in patients suffering from
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chronic liver diseases, such as HBV and HCV-related liver
cirrhosis. Small HCC (SHCC) is defined as a primary measuring
�2 or 3cm in diameter[2,3] appearing at the early stage of HCC.
SHCC patients usually exhibit lower intraoperative mortality,
higher resection rate, and higher 5-year survival rate than larger
HCC patients.[4] Thus, a reliable detection method is needed to
identify SHCC at the early stage of HCC for improving the
clinical treatment and prognosis of HCC.[5,6]

In recent years, contrast-enhanced ultrasound (CEUS) and
contrast-enhanced computed tomography (CECT) have emerged
as reliable imaging technologies used in various clinical
detections, including the diagnosis of HCC and malignant renal
cystic lesions.[7] However, diagnostic results need to be further
confirmed by biopsy or surgery resection.[8] CEUS has many
advantages, such as safety, easy execution, no risk of
nephrotoxicity, and no requirement for ionizing radiation,[9]

and is mostly used to detect liver lesions at the early stage of
HCC.[10] Although the specificity and sensitivity of CEUS are
comparable to those of CECT, some lesions are not detected. The
American Association for the Study of Liver Disease has indicated
that CEUS may provide false HCC positive diagnosis in
cholangiocarcinoma patients.[11] CECT is a recommended tool
for resection or systemic therapy assessment in 2 years of
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postoperative. Based on the intravenously injected iodinated
contrast agents, CT can provide a marked reduction imaging for
real-time thin-section of entire liver.[12] However, with respect to
the final results of biopsy or surgery resection, the diagnosis
ability of CEUS compared with that of CECT remains
controversial. For example, Palmieri et al[13] have reported that
CEUS has a lower sensitivity and negative predictive value in the
diagnosis of early-stage HCC, but Liu et al[14] have reported that
there is no significant difference between abilities of CEUS and
CECT in diagnosing small liver lesions. Because of the lack of
comparisons of the diagnosis abilities of CEUS and CECT in
previous studies, we performed this meta-analysis to perform a
more reliable and comprehensive evaluation of the diagnostic
abilities of CEUS and CECT in detecting small lesions (�2cm) of
SHCC.
2. Methods

2.1. Data sources

Electronic databases of PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) and Embase (http://www.embase.com) were used to
select related clinical research articles published in English up to
July 2016. The following key search terms were used: small
hepatocellular carcinoma (OR “SHCC”) and contrast-enhanced
ultrasound (OR “contrast-enhanced ultrasonography” OR
“CEUS”) and contrast-enhanced CT (OR “contrast-enhanced
computed tomography” OR “CECT” OR “CT”).
2.2. Inclusion and exclusion criteria

Studies were included if they met the following terms: the study is
focused on the diagnostic values of CEUS and CECT in detecting
SHCC and published in English; has provided or calculated the
diagnostic results of real positive numbers, false-positive
numbers, false-negative numbers, and true-negative numbers;
and has definitely pathological result as the golden standard for
the diagnosis of SHCC. Studies were excluded if they were
reviews, reports, comments, or letters.
Figure 1. Selection process of eligible studies.
2.3. Data extraction and quality assessment

Two authors independently extracted the data, including first
author, published date, research date, nationality, sex, age, and
true-positive, false-positive, false-negative, and true-negative
numbers, from the included studies. Study quality was assessed
by the quality assessment of diagnostic accuracy studies
(QUADAS), containing 14 items that were determined by
“YES” (satisfied with the criteria), “No” (not satisfied with
the criteria), and “Unclear” (partially satisfied with the criteria or
could not provide sufficient information).[15] A third author was
introduced to settle any disagreement between the 2 authors in
the process of data extraction.

2.4. Statistical analysis

The meta-analysis was performed using Meta-DiSc (version 1.4,
Unit of Clinical Biostatistics team of the Romany Cajal Hospital,
Madrid, Spain). For multiple diagnoses or screen assessment, the
effect size was measured in terms of sensitivity, specificity, positive
likelihood ratio (PLR), negative likelihood ratio (NLR), and
diagnostic odds ratio (DOR) with their 95% confidence intervals
(CIs). Threshold effect size was estimated using Spearman
correlation analysis, and P< .05 was considered statistically
2

significant. Heterogeneity was estimated using x -based Cochran-
Q test and I2 statistics.[16] If heterogeneity was significant (P< .05
or I2>50%), a random effect model was used to calculate the
pooled effect size by applying DerSimonian–Laird method;
otherwise, a fixed effect model was used to calculate the pooled
effect size byapplyingMantel–Haenszelmethod.[17]Heterogeneity
resource was assessed using regression analysis. Publication bias
was estimated using Egger test and Begg test in Stata software
(Version 12.0, Stata Corporation, College Station, Texas), and
P< .05 was set as a threshold for statistical significance.
3. Results

3.1. Characteristics of included studies

A flowchart of literature research is shown in Fig. 1. Based on the
selected strategy, 892 papers were obtained. After scanning the
titles and abstracts, 769 papers were excluded because of
irrelevant study contents. Of the remaining papers, 115 were
excluded because they were reviews (n=62), non-diagnostic
studies (n=27), data unavailable (n=18), or duplicate published
(n=8). Finally, 8 studies that met the selected criteria were
included in this meta-analysis.[2,10,18–23] The characteristics of
the included studies are presented in Table 1. The included studies
comprised the data of 623 participants, including 318 SHCC
patients, from various countries, such as China, Italy, Japan, and
France. The publication year of the included studies ranged from
2001 to 2015. The quality assessment results revealed that the
overall quality of the included studies was high with sound
QUADAS scores of 9 to 12, but some individuals had a relatively
low quality. In addition, based on the Egger test, no publication
bias was found in CEUS (t=0.19, P= .856) and CECT (t=2.09,
P= .105) in SHCC diagnosis. Begg test also revealed no
significant publication bias was observed in CEUS (Z=0.19,
P= .85) or CECT (Z=0.94, P= .35) in SHCC diagnosis.
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Table 1

Characteristics of the included articles.

First author Year Country Study year
Gender
(M)

Age
(y)

Diagnostic
method TP FP FN TN

Diagnostic
method TP FP FN TN

QUADAS
score

Dai Y 2008 China 2004.3–2005.3 59 35–80 CEUS 51 6 6 41 CT 45 1 11 46 10
Granito A 2013 Italy 2008–2011 25 48–84 CEUS 17 0 21 3 CT 22 0 16 3 9
Kan M 2010 Japan 2007.1–2007.8 25 NA CEUS 36 2 2 9 CT 36 2 2 9 10
Leoni S 2010 Italy 2003–2005 52 40–83 CEUS 37 2 18 18 CT 37 2 18 18 9
Palmieri VO 2015 Italy NA 96 46–97 CEUS 17 0 10 107 CT 25 0 2 107 10
Quaia E 2009 Italy NA 68 29–84 CEUS 64 15 8 34 CT 53 14 19 35 11
Rode A 2001 France 1996.5–1997.12 NA 27–65 CEUS 6 3 7 53 CT 7 4 6 52 9
Wang JH 2006 Taiwan 2003.7–2004.8 20 27–74 CEUS 10 1 8 11 CT 6 1 9 10 12

CEUS= contrast-enhanced ultrasonography, CT= contrast-enhanced computed tomography, FN= false negatives, FP= false positives, M=male, NA=not available, QUADAS=quality assessment tool of
diagnostic accuracy studies, TN= true negatives, TP= true positives.
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3.2. Diagnostic analysis of pooled data

The threshold effects of CEUS and CECT were evaluated using
the Spearman correlation coefficients of the logarithm of
sensitivity and 1-specificity. No threshold effect of CEUS and
CECT was identified for these 2 indices (sensitivity: coefficient=
0.619, P= .102; 1-specifity=0.024, P= .955); thus, a combined
analysis of the other 2 indices could be performed.
The diagnostic results of CEUS and CECT in detecting SHCC

are presented in Table 2 and Fig. 2. Because of the significant
heterogeneities on CEUS (P< .01, I2=87.1%) and CT (P< .01,
I2=79.9%), the random effect model was selected and the pooled
sensitivities of CEUS and CECT were determined to be 0.75
(95% CI: 0.70–0.80) and 0.74 (95%CI: 0.68–0.78), respectively
(Fig. 2). Similarly, because of significant heterogeneities in the
CEUS and CECT specificities (P< .01, I2=83.2%; P< .01, I2=
82.8%), the random effect model was selected and the pooled
specificities of CEUS andCECTwere determined to be 0.91 (95%
CI: 0.87–0.94) and 0.92 (95% CI: 0.89–0.95), respectively. To
trace the source of heterogeneity, a regression analysis was
performed and no significant result was identified in the study
population (Asian vs Europe) and sample size (patients <100 vs
patients ≥100) (Table 3). These results suggested that the study
population and sample size were not the source of heterogeneity.
In in-depth assessment, the diagnostic PLRs of CEUS and

CECT remarkable heterogeneities (P= .0449, I2=51.3%; P
= .0008, I2=72.0%). Similarly, the random effect model was
selected to estimate the pooled data, and the pooled PLRs of
CEUS and CECT were 5.99 (95% CI: 3.28–10.92) and 7.76
(95% CI: 3.12–19.28), respectively. The diagnostic NLRs of
CEUS and CECT also demonstrated significant heterogeneities,
and therefore, the random effect model was applied. As a result,
the pooled NLRs of CEUS and CECT were 0.31 (95% CI:
0.20–0.49) and 0.32 (95% CI: 0.20–0.50), respectively. In
addition, the diagnostic DORs of CEUS and CT were also
Table 2

Diagnostic results of CEUS and CT.

Index CEUS (95%CI) CT (95%CI)

Sensitivity 0.748 (0.697–0.795) 0.736 (0.683–0.784)
Specificity 0.905 (0.866–0.935) 0.921 (0.885–0.949)
PLR 5.986 (3.281–10.922) 7.757 (3.122–19.277)
NLR 0.311 (0.197–0.492) 0.318 (0.204–0.497)
DOR 27.377 (14.384–52.105) 30.015 (9.324–96.62)

CEUS=Contrast-enhanced ultrasound, CT=contrast-enhanced computed tomography, DOR=
diagnostic odds ratio, NLR=Negative likelihood ratio, PLR=positive likelihood ratio.
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estimated, but the DOR of CEUS was not heterogeneous
(P= .2915, I2=89.0%); therefore, the fixed effect model was
used, and the pooled DOR of CEUS was found to be 27.38 (95%
CI: 14.38–52.11). On the contrary, the DOR of CECT exhibited
a significant heterogeneity (P= .0015, I2=70.0%), and therefore,
the random effect model was used. The combined DOR of CT
was 30.02 (95% CI: 9.32–96.62). Taken together, these results
clearly demonstrated that the detection indices of CEUS were not
obvious differents from those of CECT for the diagnosis of
SHCC.
3.3. Summary receiver operating characteristic (SROC)
curves of CEUS and CECT

For a comprehensive evaluation of both CEUS and CECT in
detecting SHCC, the diagnostic SROC curves of CEUS and
CECT were analyzed and are presented in Fig. 3. Based on the
threshold effective detection results, for both CEUS and CECT,
the regression coefficients of logarithm of both sensitivity and
specificity exhibited no statistical significance compared with 0:
SROC curves were symmetric and demonstrated a clear trade-off
between sensitivity and specificity. Hence, the fixed model was
selected for performing the next analysis. Lastly, the area under
curve (AUC) of the SROC curve for CEUS and CECT were
0.9073 and 0.8919, respectively, with their respective Q-indices
of 0.8391 and 0.8227. No significant statistical difference was
identified between CEUS and CECT on AUC by performing
comparison using Z test (Z=0.23, P= .82). On combining the
diagnostic results with SROC curves, both indices and their 95%
CIs and AUC overlapped between CEUS and CECT, suggesting
that CEUS had a diagnostic ability comparable to that of CECT
in detecting SHCC.

4. Discussion

To compare the diagnostic values of CEUS and CECT in SHCC,
8 high-quality research papers in English presenting data of 318
SHCC patients were included in this meta-analysis with a small
publication bias. The pooled data revealed that there was no
obvious difference in sensitivities, specificities, PLRs, NLRs, and
DORs between CEUS and CECT in detecting SHCC. Moreover,
SROC curves also indicated that CEUS had an AUC and a Q-
index similar to those of CECT in detecting SHCC.
Recently, using improved imaging and accuracy of diagnostic

technologies, the detection of dormant and smaller lesions has
become possible. Many studies have shown that diagnostic
ability of CEUS is comparable to that of dynamic CECT in
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Figure 2. Diagnostic analysis of contrast-enhanced ultrasound (CEUS) and contrast-enhanced computed tomography (CT): (A) sensitivity; (B) specificity; (C)
positive like ratio (PLR); (D) negative like ratio (NLR); (E) diagnostic odds ratio.
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detecting tumor vascularity. CECT, a scanner can provide a
series of 2-dimensional image slices of an organ.[25] It is
commonly accepted that pathological result is the golden
standard for clinical diagnosis. A previous study has reported
that CECT is a valuable diagnostic method for SHCC patients
with bile duct tumor thrombi.[4] CEUS, an enhanced US system,
4

has been reported to be more accurate in liver lesions
characterisations with sensitivity comparable to that of
CECT.[26] For example, Strobel et al[27] have reported that
CEUS has a remarkable diagnostic accuracy in detecting small
liver lesions. In addition, CEUS can be used for detecting small,
newly developed lesions during HCC prognosis.[28] In this study,



Table 3

Results of meta-regression analysis.

Variable
CEUS CT

b SEM P b SEM P

Constant 2.372 0.590 .016 �0.272 0.513 .624
Asian vs Europe 0.968 0.605 .185 0.823 1.534 .620
<100 vs ≥100 0.876 0.703 .281 1.609 1.516 .348

CEUS= contrast-enhanced ultrasound, CT= contrast-enhanced computed tomography, SEM= standard error of mean.

Figure 3. Summary receiver operating characteristic curves: (A) contrast-enhanced ultrasound (CEUS); (B) contrast-enhanced computed tomography (CT).
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CEUS was found to have not only sensitivity comparable to that
of CECT but also an equal capacity of other diagnostic indices in
detecting SHCC, suggesting that CEUS and CECT have similar
diagnostic ability in detecting SHCC.Moreover, Liu et al[14] have
also reported comparable high sensitivity, specificity, and
accuracy between CEUS and CECT in detecting small malignant
diagnosis in liver, with a similar ability in distinguishing SHCC
lesions from cirrhotic lesions in livers. The SROC curve of pooled
data revealed that the AUCs of CEUS and CECT were
approaching each other, which is consistent with the result of
CEUS in the study of Niu et al.[29] All findings indicated that
CEUS and CECT have a similar diagnostic value in detecting
SHCC. Meanwhile, a similar meta-analysis has reported that
CEUS and CECT exhibit no significant difference in the diagnosis
of malignant renal cystic lesions.[7] In addition, a dog experiment
has also shown that CEUS and CECT can provide diagnostic
results comparable to histopathology findings in characterising
surgical small intestinal diseases.[8] Taken together, these findings
suggested that CEUS and CECT have similar diagnostic abilities
in detecting small pathological lesions, but further clinical
practices and studies are required for validating this finding.
Moreover, several lesions were characterized neither by CEUS
nor CECT because of their small sizes, location under diaphragm,
or intersection, respiratory movement.[14] Despite the missed
lesions, the potential factors should be concerned that could
affect the diagnostic results. Different HCC diagnostic criteria
may be a causative factor for diagnostic results. Because biopsy is
set as the golden standard for SHCC diagnosis, difference in
analytical criteria or experience for different censors may result in
different conclusion on a same lesion. In addition, different CEUS
or CECT systems may also perform differently in charactering
small lesions resulting in different diagnostic results.
This is the first comprehensive meta-analysis evaluating the

diagnostic ability of CEUS andCT in detecting SHCC. In the studies
5

selected for the analysis, CEUS andCECTwere used simultaneously
for the diagnosis of SHCC in each patient. The combined results
obtained by meta-analysis enlarged the sample sizes and enhanced
the statistical power, providing an accurate and reliable conclusion.
However, this analysis has 2 limitations. First,withonly2diagnostic
evaluation methods were included, there might be a bias in the
estimation of diagnostic value because of the absence of other
methods. Second, to the number of included studies is relatively
small, and due to the incomplete stratification message of included
samples, the sources of heterogeneity for the analysis were limited.
In conclusion, this comprehensive meta-analysis revealed that

the diagnostic value of CEUS and CECT in detecting SHCC is
similar, suggesting that both CEUS and CTmay play vital roles in
the clinical practice of SHCC diagnosis.
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