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Abstract: Background: Shear wave elastography (SWE) is one of newly-developed methods. Our meta-analysis was
aimed to clarify whether SWE could be used as a diagnostic biomarker of liver fibrosis. Methods: We searched
the potential articles in databases of PubMed, EMbase and Google Scholar. The discrimination of FO from F1/4
(F>1), FO/1 from F2/4 (F>2), FO/2 from F3/4 (F>3), and FO/3 from F4 (F>4) were tested by SWE. Overall results
of sensitivity and specificity along with 95% confidence intervals (95% Cl) were used to evaluate the diagnostic ac-
curacy. Summary receiver operating characteristic (SROC) curve was analyzed as well. The random-effects model
or fixed-effects model was used according to the between-study heterogeneity. Results: 7 articles were included in
the present meta-analysis. The tests for F>2 based on 7 articles showed the sensitivity and specificity were 0.86
(0.82-0.89) and 0.76 (0.71-0.80), respectively. The area under curve (AUC) was 0.922. With respect to F>3, overall
sensitivity and specificity were 0.91 (0.85-0.95) and 0.84 (0.80-0.88). The corresponding AUC was 0.839. In terms
of F>4, high sensitivity and specificity were also obtained (sensitivity: 0.87; specificity: 0.87). AUC value of 0.934
also demonstrated the high accuracy of SWE. Conclusion: SWE appears to be a diagnostic biomarker with high ac-

curacy for liver fibrosis.
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Introduction

Liver fibrosis is the combined results of various
liver diseases [1] and can bring about the onset
of liver cirrhosis. The risk factors includes alco-
hol consumption, viruses infection and fat
ingestion. Without suitable treatments, liver
fibrosis develops easily into cirrhosis, hepato-
cellular carcinoma, or portal venous hyperten-
sion, thus causing increased mortality [2, 3].
Estimation of the staging of liver fibrosis helps
for predicting the prognosis and regulating the
treatment strategy for the patients with liver
disease.

METAVIR classification criteria is one of wide-
ly used system for staging of liver fibrosis.
According to the criteria, the stages of liver
fibrosis were divided into >F2 (significant fibro-
sis), 2F3 (severe fibrosis), >F4 (cirrhosis) [4].
Until now, liver biopsy (LB) is still the gold stan-

dard for liver fibrosis [5, 6]. However, LB is an
invasive and costly test with potential complica-
tion. The detection accuracy of LB in liver fibro-
sis may be affected by sampling error and dif-
ferences in pathological interpretation [7, 8].
Therefore, LB is not regarded as a favorable
method for repeated tests of liver fibrosis.

To data, increasing researches have provided
many non-invasive indexes for liver fibrosis.
Among them, assessment of liver stiffness (LS)
based on acoustic radiation force impulse
imaging (ARFI), transient elastography (TE), and
magnetic resonance (MR) elastography have
been extensively investigated [9-12]. Addition-
ally, real-time shear wave elastography (SWE) is
another new-developed technology for measur-
ing LS [13]. During SWE test, the acoustic radia-
tion force impulse excites the tissue to produce
some small tissue (1-10 mm) displacements.
Following that, the displacements affects the



Diagnostic role of SWE in liver fibrosis

312 articles identified from databases: SWE and

diagnosis of liver fibrosis

true negative (TN) or other
related data, such as negative
predictive value (NPV), posi-

269 records were excluded for not
detecting staging of liver fibrosis;

21 records were excluded for SWE and
other diseases.

tive predictive value (PPV),
sensitivity and specificity, to
calculate these results; (5)
each articles contained more

| 22 potential articles |

than 30 patients.

studies;

4 records were excluded for review

6 records were excluded for not SWE
detection technology.

Data extraction

| 12 articles for further evaluation |

The data was extracted by

5 records were excluded for not
available data.

two reviewers independently:
name of first author, year of
publication, country, ethnicity,

| 7 eligible articles were included |

Figure 1. Flow chart for articles selection. 7 articles were selected in our

meta-analysis.

shear wave propagation, thus shear wave veloc-
ity (SWV) or Young’s modulus (E) are calculated.
Until now, the diagnostic role of SWE has been
widely researched in liver fibrosis, however,
definite conclusion has not been obtained.

This meta-analysis was performed to get more
precise estimation, which will uncover the clini-
cal significance of SWE in detecting the stages
of liver fibrosis.

Methods
Articles search

The potential articles were searched in data-
bases of PubMed, EMbase and Google Scholar.
The keywords were: shear wave elastography,
liver and diagnosis. To get more related articles,
we also searched the references of each
article.

Inclusion criteria

Eligible articles were identified according to the
inclusion criteria. The criteria was defined as
follows: (1) the articles evaluated the diagnos-
tic role of SWE in detecting the staging of liver
fibrosis; (2) the articles utilized the liver biospy
as “gold standard” in the diagnosis of liver fibro-
sis; (3) the staging of liver fibrosis was per-
formed according to METAVAIR in the articles;
(4) the articles provided data of true positive
(TP), false positive (FP), false negative (FN) and
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cut-off value, sensitivity, spec-
ificity, area under curve (AUC)
and related clinical features.
The disagreements were re-
solved by a discussion.

Statistics

The stages of liver fibrosis were divided into five
degrees: FO, no fibrosis; F1, portal fibrosis with-
out septa; F2, portal fibrosis and few septa, but
intact architecture; F3, numerous septa, archi-
tectural distortion, but no obvious cirrhosis;
and F4, cirrhosis. In the present meta-analysis,
we analyzed the diagnostic value of SWE in dis-
tinguishing FO from F1/4 (F>1), FO/1 from F2/4
(F>2), FO/2 from F3/4 (F>3), and FO/3 from F4
(F>4). The corresponding TP, FP, TN and FN
results were calculated. The overall results of
sensitivity and specificity along with 95% confi-
dence intervals (95% Cl) represented the diag-
nostic accuracy of SWE for stages of liver fibro-
sis. Another index, summary receiver operating
characteristic (SROC) curve, was analyzed as
well. The between-study heterogeneity was
evaluated by x2. P<0.05 indicated that there
was heterogeneity, then the random-effects
model was used. Otherwise, the calculation
adopted fixed-effects model. The analysis was
conducted with MetaDiSc 1.4 software.

Results
Articles features

After the systematic selection (Figure 1), 7 arti-
cles were included [14-20]. Total of 884
patients with liver fibrosis were included in our
meta-analysis. Their mean age ranged from
36.3 to 61 years. The patients came from coun-
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Table 1. Clinical features of each study

Study Country  Sample size, n Mean age, years Disease Etiology Cut-off Stage
Giovanna 2012 Italy 121 44.8 HCV F>2, F>3, F>4
Jeong 2014 Korea 129 51.0 HCV, HBV and Others F>2
Anthony 2014 America 136 51.0 HCV and Others F>2, F>3, F>4
Jae 2014 Korea 70 45.9 HCV, HBV and Others F>2, F>3, F>4
Zeng 2014 China 206 36.3 HBV F>2, F>3, F>4
Toshifumi 2015 Japan 55 61.0 HCV F>2
Zheng 2015 China 167 37.5 HCV, HBV and Others F>2, F>4

Note: HCV, hepatitis C virus; HBV, hepatitis B virus; E, Young’s modulus; SWV, shear wave elastography.

Table 2. Diagnosis data of each study

F>2

F>3

F>4

Study

Sensitivity Specificity

AUC  Sensitivity Specificity AUC

Sensitivity Specificity AUC

Giovanna 2012 0.900 0.875

Jeong 2014 0.788 0.756
Anthony 2014 0.914 0.525
Zeng 2014 0.864 0.870
Jae 2014 0.782 0.933
Toshifumi 2015  0.889 0.919
Zheng 2015 0.857 0.739
Overall 0.86 0.76

0.920
0.852
0.770
0.917
0.915
0.940
0.860
0.922

0.973
0.765
0.919
0.886

0.91

0.951

0.765

0.857
0.80

0.84

0.980
0.820
0.945
0.913

0.839

0.875 0.968 0.980
0.714 0.822  0.820
0.919 0.897  0.945
0.773 0.854 0.878
0.912 0.797  0.930
0.87 0.87 0.934

Note: AUC, area under curve, “-” means the unavailable data.

A Sensitivity (95% CI)
L o Giovanna 2012 0.90 (0.81-0.96)
——@—| Anthony 2014 0.91 (0.77-0.98)
— @ Jae 2014 0.78 (0.65-0.88)
—r— Jeong 2014 0.79 (0.62-0.91)
@ Zeng 2014 0.87 (0.79-0.92)
(=] Toshifumi 2015 0.89 (0.65-0.99)
& Zheng 2015 0.86 (0.77-0.92)
- Pooled Sensitivity = 0.86 (0.82 to 0.89)
Chi-square = 5.79; df = 6 (p = 0.4467)
0 2 4 6 .8 1 Inconsistency (I-square) = 0.0 %
Sensitivity
B Sensitivity (95% CI)
‘ Giovanna 2012 0.97 (0.86-1.00)
7{ Zeng 2014 0.92 (0.83-0.97)
— Jae 2014 0.89 (0.73-0.97)
— e Anthony 2014 0.76 (0.50-0.93)
» Pooled Sensitivity = 0.91 (0.85 to 0.95)
Chi-square = 6.06; df = 3 (p = 0.1088)
0 2 4 6 8 1 Inconsistency (I-square) = 50.5 %
Sensitivity
C Sensitivity (95% CI)
—_— Giovanna 2012 0.88 (0.68-0.97)
Zeng 2014 092 (0.79-0.98)
— & Jae 2014 0.77 (0.55-0.92)
L Anthony 2014 071 (0.29-0.96)
*‘T Zheng 2015 091 (0.76-0.98)
* Pooled Sensitivity = 0.87 (0.80 to 0.93)
Chi-square = 4.43; df = 4 (p = 0.3515)
0 .2 4 6 8 1 Inconsistency (l-square) = 9.6 %
Sensitivity

Figure 2. Forest plot of sensitivity for F>2, F>3 and F>4. A: F>2; B: F>3; C:

F>4.
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tries of Italy, Korea, America,
China and Japan. The involved
etiology contained HCV (hepa-
titis C virus), HBV (hepatitis B
virus) and others. The detailed
clinical informations were list-
ed in Table 1.

Diagnostic value of SWE in
liver fibrosis

The analyzed stages of liver
fibrosis were composed of
F>2, F>3 and F>4. Table 2
showed the detection results
of SWE, such as sensitivity,
specificity and area under
curve (AUC). There were 7 arti-
cles for distinguishing F>2
(FO/1 vs. F2/4). The summary
results of sensitivity and spec-
ificity were 0.86 (0.82-0.89)
and 0.76 (0.71-0.80), respec-
tively. The corresponded AUC
was 0.922 (Figures 2-4).

As for the staging of F>3 (FO/2
vs. F3/4), the overall outcome
of sensitivity and specificity

Int J Clin Exp Med 2017;10(8):12911-12917
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A Specificity (95% Cl) Discussion
e Giovanna 2012 0.88 (0.76-0.95)
-~ @ Anthony 2014 052 (0.42-063) . . .
® | Jae2014 093 (0.68 - 1.00) Elastography is a noninvasive
o - Jeong 2014 0.76 (0.55-0.91)
@) Zeng 2014 087 (0.79-0.93) method that uses ultrasonog-
ot | Do 01 i 00 raphy to exert local mechani-
cal compression on soft tis-
*> sue and observe the tissue
Pooled Specificity = 0.76 (0.71 to 0.80) . . .
Chi-square = 48.12; df = 6 (p = 0.0000) responses via strain Images
0 2 'gpecificitf 8 1 Inconsistency (I-square) = 87.5 % [21’ 22] Furthermore, elas_
B Specificity (95% CI) tography measuremen.ts were
Giovanna 2012 0.95 (0.88-0.99) found to related with the
Zeng 2014 0.86 (0.79-0.91) stage of liver fibrosis [23]. LS
Jae 2014 0.80 (0.63-0.92)
Anthony 2014 0.76 (0.68-0.84) measurement by elastogra-
phy has been widely used for
> testing liver fibrosis. LS with
Pooled Specificity = 0.84 (0.80 to 0.88) i _
Chi-square = 15.39; df = 3 (p = 0.0015) more than 10 VMs is com
0 2 4 6 8 1 Inconsistency (I-square) = 80.5 % monly considered reliable
Specificity
[24, 25].
C Specificity (95% Cl)
Giovanna 2012 0.97 (0.91-0.99)
@ Zengo0n4 060 (0.84-0.54) Among the elastography tech-
® Jae 2014 085 (0.72-0.94) : _
® Anthony 2014 082 (0.74.088) nologies, TE has been com
—@- Zheng 2015 0.80 (0.72-0.86) mon'y accepted as a d|agnos_
tic biomarker for liver fibrosis
* Pooled Specificity = 0.87 (0.84 to 0.89) [26, 27]. TE technology is
Chi-square = 20.84; df = 4 (p = 0.0003) H H H _
5 : A 1 Inconsistency (-spane)=80.6% characterized with high accu

4 .6
Specificity

Figure 3. Forest plot of specificity for F>2, F>3 and F>4. A: F>2; B: F>3; C:

F>4.

based on 4 articles were 0.91 (0.85-0.95) and
0.84 (0.80-0.88), respectively.

The above mentioned this two indexes along
with AUC (0.839) illustrated the high accuracy
of SWE in detecting the stages of liver fibrosis.

In terms of F>4 (FO/3 vs. F4), we found the
diagnosis sensitivity of SWE was 0.87 (0.80-
0.93), and the corresponding specificity was
0.87 (0.84-0.89), which demonstrates the fea-
sibility of SWE as a diagnostic biomarker.
Another index, AUC (0.934) also supported this
conclusion.

Heterogeneity

In the overall sensitivity analysis, we found
there was no significant heterogeneity (F>2:
0.4467; F>3: 0.1088; F>4: 0.3515), then the
random-effects model was used. As for speci-
ficity, there existed obvious heterogeneity (F>2:
0.0000; F>3: 0.0015; F>4: 0.0003), hence, we
adopted fixed-effects model.
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racy, low cost and practical
use. Whereas, there exists
several limitations to be men-
tioned. It always fails to dis-
criminate moderate liver fibro-
sis with high accuracy. Besides, the liver
inflammation could affect its detection accura-
cy. Unfortunately, it cannot be used for diagno-
sis of patients with ascites [28, 29]. Real-time
SWE by Aixplorer™ is a newly-developed two-
dimensional transient elastography technique
in liver fibrosis [13]. SWE shows good prospects
in clinical application [13]. Both of TE and SWE
methods show important function in clinical,
however, SWE takes advantages over TE.

SWE combined with traditional diagnostic ultra-
sound system make it available that uses real-
time B-mode imaging to detect liver lesions or
evaluate morphological changes. Moreover, the
greater bandwidths of SWE helps for improving
the separation of fibrosis stages [30]. Another
advantage of SWE over TE is that it could supply
real-time quantitative map of liver stiffness.
With SWE test, we could obtain visualized spa-
tial variation of liver stiffness and adjust the
size of targeted region according to the actual
condition. The above mentioned advantages

Int J Clin Exp Med 2017;10(8):12911-12917



Diagnostic role of SWE in liver fibrosis
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Figure 4. SROC for detecting F>2, F>3 and F>4. A: F>2; B: F>3; C: F>4.
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enables test stability of real-
time SWE in liver stiffness
measurements [16].

Giovanna et al. reported that
significant improvement in
AUROCs by real-time SWE for
F>2 was observed compared
with TE, however, no signifi-
cant improvements for F>3
and F>4 by SWE was obtained
[16]. One study conducted by
Zheng et al. concluded that
SWE was superior to ultraso-
nography in diagnosis of F2
and F4 [19]. Compared with
FIB-4, APRI and Forn’s index,
SWE behaves excellently in
diagnosing the stages of liver
fibrosis [20]. In our meta-an-
alysis, SWE showed higher
detection sensitivity and spe-
cificity for F>3, and the AUC
was 0.839. Compared with
F>3, SWE shows superiority in
AUC in diagnosis of F>2 and
F>4, while the sensitivity and
specificity was relatively low.

The present meta-analysis
contained 884 patients from
Italy, Korea, America, China
and Japan. The involved eth-
nicity included Asian and Ca-
ucasian, which ensures the
reliability and accuracy of our
results. There is still several
limitations to be noted. The
analyses of F>3 and F>4 were
based on 4 and 5 articles,
respectively. The sample size
in each analysis was relatively
small, which could affect the
accuracy of results. Moreover,
we did not perform subgroups
analysis based on disease eti-
ology. Future studies should
concentrate on the diagnostic
value of SWE liver fibrosis
derived from different etiolo-
gies.

In conclusion, SWE seems to
be a promising biomarker for

Int J Clin Exp Med 2017;10(8):12911-12917
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liver fibrosis. The outcome illustrates the signifi-
cance of SWE in staging of liver fibrosis.
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