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Table 2. Baseline Characteristics of Patients Included in the Systematic Review and Meta-analysis

Sex Mean BMI, Cirrhosis Child-Pugh Etiology of
Study Mean age, y (SD) (% male) kg/m? (SD) (% total)  score, A/B/C (%) CLD (% viral)
Al-Dahshan®” 52.6 (8.2) 78.2 NR 100 NR 100
Borghi et al*® (abstract) 62 74 26 100 A, 100% 47.5°
Bota et al** 59.1 (10.3) 60 NR 100 A/B/C, 45/43/12 50.3
Calvaruso et al°” (abstract) 63.4 (9.0) 64.3 NR 100 A, 100% 100
Colecchia et al’ 54 (40-84)" 71 25 (17.5-37.3)" 100 A, 100% 100
Di Marco et al”’ (abstract) 51.1 (13.8) 57 NR 100 NR 100
Hirooka et al® (pilot) 68 (8.9) 65 <25 80 A/B/C, T1/17/12 90
Hirooka et al® (validation) 62.1 (12.7) 53.8 <25 NR B/C, 13/10 78.6
Stefanescu et al*® 56 (31-76)" 56.2 26 (17.2-36.3)" 100 A/B/C, 65/28/7 NR®
Vermehren et al*” 54 (11) 65.7 26 (5) 100 A/B-+C, 54/46 48
Takuma et al’ 67.8 (9.9) 52 23.5 (3.8) 100 A/B/C, 67/27/8 73.8
Tanaka et al*” 59.2 50 23.0 (3.6) 59 NR 80
Ye et al’ 39.3 (13.7) 59.8 21.9 (2.9) 100 NR 100
CLD, chronic liver disease; NR, not reported; SD, standard deviation.
?Percentage with hepatitis C virus.
5Median (range).
“Hepatitis C virus or alcoholic.
A - Sensitivity (95% CI)
Lo Hirooka - Pilot 0.96 (0.80-1.00)
N Hirooka - Validation 0.98 (0.89-1.00)
B Stefanescu 0.84 (0.76-0.90)
Vol Takuma 0.98 (0.95-1.00)
e | Ye 0.83 (0.70-0.93)
—gt Al-Dahshan 0.80 (0.61-0.92)
ol DiMarco 0.63 (0.47-0.78)
& |i Calvaruso 0.65 (0.51-0.77)
i I —&—| Colecchia 0.94 (0.84-0.99)
i P Bota 0.31  (0.22-0.41)
83— | Tanaka 0.87 (0.77-0.94)
St Borghi 0.71 (0.49-0.87)
Pooled sensitivity = 0.78 (0.75 to 0.81)
Chi-square = 203.61; df = 11 (P = .0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 94.6%
Sensitivity
B o Specificity (95% Cl)
——&-— | Hirooka - Pilot 0.85 (0.69-0.95)
i i & | Hirooka - Validation 0.94 (0.88-0.97)
- -t Stefanescu 0.71 (0.48-0.89)
—&— | Takuma 0.60 (0.53-0.67)
— Ye 0.80  (0.59-0.93) )
bt Al-Dahshan 073 (0.54-0.88) Figure 2.(A) Forest plots
P DiMarco 093 (0.76-0.99) and meta-analyses  of
| Calvaruso 062 (0.46-0.76) studies evaluating the
e Colecchia 0.77 (0.62-0.88)  sensitivity of SSM
. — Bota 079 (0.68-0.88) compared with EGD for
ey Tanaka 0.83 (0.72-0.90) the detection of any EVs in
L Borghi 053 (0.29-0.76)  patients with chronic liver
P disease. (B) Forest plots
i and meta-analyses of
Do studies evaluating the
s . specificity of SSM
Pooled specificity = 0.76 (0.72 t0 0.79 . ;
Chisquie-rronai =i oo GoPRes i ReD o
0 0.2 0.4 » .a.e 0.8 1 Inconsistency (square) = 85.7% patients with chronic liver
Specificity disease.
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There was evidence of considerable heterogeneity
between studies, both qualitatively and quantitatively
(1% for pooled sensitivity and specificity, 95% and 86%,
respectively). On subgroup analysis, the heterogeneity
could be explained on the location of study and technique
of SSM (Table 3). Studies conducted in Asian populations
showed a significantly better diagnostic performance of
SSM, as compared with Western populations (diagnostic
OR (95% CI): Asian vs Western, 51.4 (17.9-147.6) vs 7.1
(2.5-20.4), Pipteraction = -009). RTE appeared to be signif-
icantly superior to TE and ARFI for SSM, although both
studies that used RTE were performed in the same center
(diagnostic OR (95% CI): TE vs RTE, 12.7 (4.6-35.5) vs
329.0 (71.9-1505.3), Pinteraction < -005; ARFI vs RTE, 9.1
(1.3-62.3) vs 329.0 (71.9-1505.3), Piteraction < -005).
There was no significant difference in the diagnostic ac-
curacy of SSM based on the etiology of chronic liver
disease.

Sensitivity analysis. On using the fitted bivariate
regression model, the estimates of pooled sensitivity (OR,
85% [95% CI, 72%-93%]), specificity (OR, 78% [95% CI,
70%-85%]), positive LR (OR, 3.9 [95% CI, 2.7-5.7]),
negative LR (OR, 0.2 [95% CI, 0.1-0.4]), diagnostic OR
(21 [95% CI, 8-55]), and the hierarchical summary ROC
(OR, 0.87 [95% CI, 0.84-0.89]), were not significantly
different from the random-effects model.'® On restricting
analysis to 9 studies performed in patients with cirrhosis
(in whom SSM presumably would be most
applicable),>”#23-2>27-29 the pooled sensitivity and
specificity was 75% (95% CI, 72%-78%) and 68% (95%
Cl, 64%-72%), with a diagnostic OR of 11.1 (95% CI,
4.3-28.7) (Table 3). On further analysis, restricting only
to studies performed in patients with Child A compen-
sated cirrhosis, the pooled sensitivity and specificity
were 78% and 67%, respectively. Sensitivity analysis of
only high-quality studies or studies published as full
texts did not significantly improve the diagnostic per-
formance of SSM. Because it was unclear whether there
was overlap in the patient population in 2 studies,*”*°
we repeated analysis after excluding each of these
studies sequentially, which did not significantly alter the
results (data not shown).

Publication bias. On performing the Deeks’ funnel
plot asymmetry test, there was no evidence of significant
publication bias (P = .30) (figure not shown).**

Spleen Stiffness for Detection of Clinically
Significant Esophageal Varices

Nine studies provided relevant data on the diagnostic
accuracy for identifying patients with clinically signifi-
cant EV.67%2%2628-30 (linjcally significant varices were
variably defined in the included studies as 1 of 3: grade |
EV with high-risk stigmata for bleeding and any grades II
and III EV (2 studies),”*® any grades I or III EV
(4 studies),****?*?° or any grade III EV (3 studies).>***

On meta-analysis of these studies, the sensitivity and
specificity of SSM for detecting clinically significant
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Table 3. Subgroup and Sensitivity Analysis Reporting the Diagnostic Test Performance Characteristics of SSM for the Detection of Esophageal Varices in Patients With Chronic

Liver Disease

Diagnostic OR

Negative LR

Sensitivity 12 Specificity P Positive LR

N

Subgroups

Variable

Spleen Elastography and Esophageal Varices

Subgroup analysis

12.7 (4.6-35.5)

0.3 (0.2-0.5)
0.2 (0.04-1.6)

0.03 (0.01-0.1)

3.0 (1.9-4.8)
2.1 (1.4-3.1)
10.5 (4.5-24.4)

59

0.74 (0.67-0.81)
0.85 (0.60-0.70)
0.92 (0.87-0.96)

82
98

0.79 (0.74-0.83)
0.72 (0.66-0.77)
0.97 (0.91-0.99)

5
4
2

TE
ARFI

Technique

9.1 (1.3-63.0)
329.0 (71.9-1505.3)

78

57
NA

0
NA
80

RTE

VITQ

37
51.4 (17.9-147.6)

0.1
0.1 (0.04-0.2)

0.4 (0.2-0.7)
0.3 (0.2-0.5)
0.1 (0.03-0.6)

5.2
4.9 2.6-9.2)
2.4 (1.5-3.7)
3.3 (2.0-5.4)

3.5 (2.1-6.1)

0.83
0.76 (0.72-0.80)
0.74 (0.68-0.80)
0.76 (0.68-0.82)
0.75 (0.72-0.79)

0.88
0.92 (0.89-0.95)
0.66 (0.61-0.71)
0.77 (0.71-0.83)
0.79 (0.75-0.82)

92
66

60

Asian
European

Location

7.1 (2.5-20.4)
14.0 (4.7-41.9)
23.4 (5.5-117.9)

95

6
5
7

81

Viral
Mixed

Etiology of CLD

9

97

Sensitivity analysis

11.1 (4.3-28.7)

0.3 (0.1-0.5)

25 (1.9-3.2)
2.2 (1.2-3.9)

70

53

0.68 (0.64-0.72)
0.67 (0.57-0.75)

0.75 (0.72-0.78) 95

0.78 (0.70-0.85)

9
3

Only cirrhosis

7.3 (1.2-42.9)

0.3 (0.1-1.0)

88

Only compensated/

Child A cirrhosis
Publication type

30.9 (8.0-119.0)

0.1 (0.03-0.5)
0.4 (0.2-0.7)
0.1 (0.01-0.7)
0.3 (0.2-0.5)

3.8 (2.4-6.1)

88
82

0.75 (0.72-0.79)
0.76 (0.68-0.82)
0.75 (0.71-0.79)
0.76 (0.70-0.81)

96
73

0.80 (0.77-0.83)
0.73 (0.66-0.79)
0.80 (0.76-0.83)
0.76 (0.70-0.81)

8
4

Full text
Abstract

8.6 (2.2-33.6)
42.1 (6.4-277.6)
10.1 (4.0-25.9)

2.9 (1.4-6.2)
3.9 2.1-7.1)

90
76

97

High
Low

Study quality

3.0 (1.8-5.1)

70

6

CLD, chronic liver disease.
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varices in patients with chronic liver disease was 81%
(95% CI, 76%-86%) and 66% (95% Cl, 61%-69%),
respectively (Figure 34 and B). The diagnostic OR was
12.6 (95% CI, 5.50-28.73), and the AUROC was 0.80
(95% CI, 0.75-0.85) (Supplementary Figure 3). Signifi-
cant heterogeneity was observed in the analysis, which
also could be explained based on location of study and
technique of SSM (Table 4).

Discussion

In this systematic review and meta-analysis of 12
studies on the diagnostic performance of current tech-
niques of SSM for the detection of EV in patients with
chronic liver disease, we observed that the summary
estimates for sensitivity (78%) and specificity (76%)
were good, and the LRs for the presence or absence of EV
based on SSM were modest. Likewise, the diagnostic
performance of SSM for detecting the presence of clini-
cally significant EV also was good, but not at levels that
would suggest low false-positive and false-negative
diagnostic rates were these techniques used in clinical
practice. The performance was similar on using the fitted
bivariate regression model'? as well as on limiting

A

Clinical Gastroenterology and Hepatology Vol. m, No. m

analysis to patients with cirrhosis, including compen-
sated cirrhosis, in which there is the greatest need for an
easily applicable noninvasive test given differences in the
prognosis of patients with compensated cirrhosis, with
and without varices.”® For both analyses, we observed
considerable heterogeneity, which could be explained
based on the technique of SSM and the location where
the study was performed.

Portal hypertension results in splenic congestion,
which increases spleen stiffness. In addition, portal
hypertension also induces architectural changes in the
splenic arteries and veins and induces splenic
fibrosis.”**? Studies have shown excellent correlation
between SSM and portal hypertension as measured by
hepatic venous pressure gradient,”” lending support to
the biologic plausibility of measuring spleen stiffness
for detecting the presence and size of EV. On the other
hand, liver elastography measures hepatic fibrosis,
which only correlates with the fixed component of
portal hypertension related to intrahepatic resistance,
but is unable to account for the dynamic component
related to hyperdynamic splanchnic circulation and
portal venous blood flow.” As compared with liver
stiffness measurement, the diagnostic performance of
SSM was significantly better. In a systematic review of

Sensitivity (85% Cl)

o Bota 0.98 (0.91-1.00)
T 2 Hirooka 1.00  (0.54~1.00)
= Stefanescu 1.00 (0.66-1.00)
: ; Takuma 0.99 (0.94-1.00)
— flo Vermehren 0.35 (0.23-0.48)
: % ; Ye 0.81 (0.58-0.95)
—& Tanaka 0.84 (0.60-0.97)
: é Calvaruso 0.81 (0.61-0.93)
S Borghi 0.70 (0.35-0.93)
Pooled sensitivity = 0.81 (0.76 to 0.86)
Chi-square = 115.26; df = 8 (P =.0000)
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 93.1%
Sensitivity
B ) Specificity (95% Cl)
-—%— Bota 0.20 (0.12-0.31) .
e Hirooka 074 (0.60-0.85) Figure 3.(A) Forest plots
i Stefanescu 069 (0.57-0.79) and meta-analyses of
e Takuma 0.62 (0.47-0.76) Studies evaluating the
Lo e Vermehren 0.83 (0.74-0.90) sensitivity ~ of ~ SSM
——— Ye 0.79 (0.65-0.89) compared with EGD for
é ; Tanaka 0.61 (0.45-0.76) the detection of clinically
B Calvaruso 0.70 (0.58-0.80) significant EVs in patients
e Borghi 0.79 (0.62-0.91) with chronic liver disease.
P (B) Forest plots and meta-
P analyses of studies evalu-
P ating the specificity of
L Pooled iicity = 0.65 (0.61 to 0.69) SSM compared with EGD
ooled spectiicity = U, B 0O U. i AR
Chi-square = 97.93; df = 8 (P = .0000) for the detection of dlini
0 0.2 0.4 0.6 0.8 1 Inconsistency (I-square) = 91.8% Yy sig p

Specificity

tients with chronic liver

disease.
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Table 4. Subgroup Analysis Reporting the Diagnostic Test Performance Characteristics of SSM for the Prediction of Clinically
Significant EVs in Patients With Chronic Liver Disease

N Sensitivity 2 Specificity 2 Positive LR Negative LR Diagnostic OR

Technique

TE 2 086(0.70-095 69  0.69 (0.61-0.77) 0 29(22-38  02(0.1-0.5) 11.8 (4.2-33.0)

ARF! 5 0.80 (0.74-0.85) 96 0.63 (0.57-0.68) 96 2.4 (1.2-4.8) 0.2 (0.04-0.8) 13.0 (3.4-50.1)

RTE 1 1.00 NA 0.74 NA 3.9 0 NA

VTTQ 1 0.84 NA 0.61 NA 21 0.3 8.3
Location

Asian 4 0.94 (0.88-0.97) 76 0.70 (0.63-0.76) 43 2.8 (2.2-3.6) 0.1 (0.04-0.4) 22.7 (6.9-74.2)

European 5  071(064-078) 95  063(058-068 96  23(1.3-41)  0.3(0.1-0.8) 7.5 (3.0-19.1)
CLD etiology

Viral 3 083(0.70-092) 16  0.74 (0.67-0.80) 0  32@24-42  02(0.1-04) 13.1 (5.9-29.1)

Mixed 6 0.81 (0.75-0.86) 96 0.62 (0.56-0.66) 94 2.2 (1.4-3.7) 0.2 (0.04-0.7) 12.9 (3.7-44.6)

CLD, chronic liver disease.

12 studies on the diagnostic accuracy of TE-based liver
stiffness measurement, the diagnostic OR for detecting
the presence of any and large EV was 7.5 (95% (I,
4,5-12.7) and 8.8 (95% CI, 5.9-13.2), respectively.’
The comparable values of diagnostic ORs for SSM
were 19.3 and 12.6, respectively.

There are several techniques for the measurement of
spleen stiffness. The 2 most commonly studied are TE
and ARFIL. Although both measure spleen elasticity, there
are minor differences in the method of measurement,
which result in different units in which spleen stiffness is
reported; the former reports stiffness in kilopascals,
while the latter, in which shear wave velocity is evalu-
ated to assess the elastic properties of target tissues,
reports stiffness in meters per second.’’” We observed
that the diagnostic performance of both these techniques
is comparable. Although TE requires a dedicated device
and a mandatory ultrasound examination of the spleen
before SSM, ARFI can be performed using standard ul-
trasound equipment; however, there is limited validation
of ARFI and measures of quality are not well defined.” On
the other hand, RTE, a qualitative, ultrasound-based
technique that measures the relative elasticity of
splenic parenchyma in relation to small splenic veins,
appeared to perform better than the other techniques.’®
Of note, both the studies that reported on the perfor-
mance of RTE were performed in the same center, with
different patients. Magnetic resonance elastography of
the spleen is also feasible, and may be useful for
detecting the presence of EV in patients with advanced
hepatic fibrosis. In a pilot study in our center, magnetic
resonance elastography of the spleen was technically
successful in healthy volunteers and patients with
chronic liver disease, correlated well with liver stiffness,
and at a cut-off value of 10.5 kPa or greater was able to
identify all patients with EV.*®

We also observed that the diagnostic performance of
SSM was better across all Asian studies as compared
with studies performed in Western centers. Although the
diagnostic OR for detecting EV was 51 in Asian studies, it

was 7 in Western studies. This observed difference is
related potentially to differences in body size and body
habitus across these populations. The success of all
ultrasound-based techniques for measuring SSM is
dependent on how well the waves travel through tissue;
the presence of abdominal fat is a major limitation in the
performance of these tests. Although Hirooka et al®
excluded patients with a BMI greater than 25 kg/m?
from this test, other Asian subjects tended to have a
smaller mean BMI (range of mean BMI, 21.9-23.5
kg/m?), whereas in Western studies, the mean BMI of the
studied population was higher (range of mean BM],
25.0-26.0 kg/m?). It is unknown whether there are
inherent differences in the spleen elasticity across Asian
and European subjects.

The strengths of our meta-analysis were the compre-
hensive assessment of the diagnostic accuracy of SSM,
measured using different techniques, across different pa-
tient and disease characteristics, to provide a more real-
world estimate of the test performance. In addition,
through subgroup analysis, we were able to identify sys-
tematic differences in the performance characteristics of
the test across Asian and Western population. We also
sought missing data from individual investigators, and,
hence, were able to decrease the risk of reporting bias, which
is a major limitation of studies on diagnostic test accuracy.

There were several limitations that need to be consid-
ered while interpreting the results of our analysis. First,
because of differences in techniques of assessing SSM, we
were not able to define a diagnostic threshold, which may
be used to provide the greatest accuracy in predicting the
presence or size of EV. Even within a specific technique,
differences in diagnostic threshold values may account for
the heterogeneity observed with the results. The choice of
diagnostic threshold may be explicit, identified through
natural observation, or derived on the basis of disease
prevalence. Hence, even for a specific technique, it is diffi-
cult to estimate a diagnostic threshold of SSM based on the
limited number of studies. Second, although the number of
published studies examining SSM was small given the
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recent emergence of this technology, it remains possible
that investigations showing poor reproducibility or accu-
racy have not been published because of negative results.
We tried to minimize the effect of publication bias by
including reports from conference proceedings, including
non-English language literature in our search and contact-
ing individual investigators. Third, although EGD is regar-
ded as the standard for assessing EV, there is significant
interobserver variability, which limits the validity of gold
standard against which SSM was compared.”” Fourth,
through a validated assessment of methodologic quality of
the individual studies, we identified that most of the re-
ported studies provided insufficient information on
whether the results of the SSM were interpreted while
blinded to EGD results, or vice versa, putting them at risk for
review bias. Similarly, the time period between perfor-
mance of EGD and SSM was not clear in 6 studies, putting
them at risk for disease progression bias. In addition, the
studies did not adequately study the spectrum of patients
who were most likely to receive this test (ie, patients with
compensated or decompensated cirrhosis), putting them at
risk for spectrum bias. In particular, the study by Bota
et al*" included a high proportion of patients with Child B
and C cirrhosis, and hence may have resulted in a low
sensitivity.

In conclusion, based on the systematic review and
meta-analysis across different centers, incorporating
different stages and etiologies of chronic liver disease, we
observed that the current techniques of SSM, although
promising, are suboptimal at this time to replace EGD as
the screening modality of choice for detecting the pres-
ence and size of EV. Regardless, the limited utility of
these techniques in obese patients remains a cause for
concern for their widespread applicability, especially in
light of the increasing incidence of nonalcoholic steato-
hepatitis as a cause of cirrhosis. Future, well-designed
prospective studies, in diverse settings in patients with
compensated or decompensated cirrhosis, evaluating the
diagnostic accuracy of SSM in detecting the presence of
clinically significant varices, are required.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
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Supplementary Figure 1. Summary ROC curve for all 12
studies examining SSM compared with EGD for the detection
of any EVs. SE, standard error.
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Supplementary Figure 2. Fagan nomogram estimating the post-test probability of EV, depending on the pretest clinical suspicion and results of spleen elastography. (A) With a
pretest probability of EV of 25% (low clinical suspicion, as observed in patients with compensated cirrhosis), the post-test probability of EV, given a negative SSM (req), is 6%,
and given a positive SSM (blue), is 53%. (B) With a pretest probability of EV of 50% (as observed in patients with decompensated cirrhosis), the post-test probability of EV,
given a negative SSM (red), is 16%, and given a positive SSM (blue), is 78%. (C) With a hypothetical pretest probability of EV of 75%, the posttest probability of EV, given a
negative SSM (red), is 36% and given a positive SSM (blue), is 91%.
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Supplementary Table 1. Quality Assessment of the Included Studies Using the QUADAS

Bota Borghi Calvaruso Colecchia DiMarco Hirooka Stefanescu Vermehren Takuma Tanaka Ye

QUADAS assessment items Al-Dahshan®® et al®* et al®® et al®® et al® etal’’ etal et al*® et al*® etal’ eta® etalf
Was the spectrum of patients representative N N Y Y Y 8] N Y Y Y U N
of the patients who will receive the test in
practice? (spectrum bias)
Were selection criteria clearly described? Y Y N N Y N Y N Y Y N Y
Is the reference standard likely to correctly Y Y Y Y Y Y Y Y Y Y Y Y
classify the target condition?
Is the time period between reference standard u Y u Y Y U Y ] N Y U U

and index test short enough to be reasonably
sure that the target condition did not change
between the 2 tests? (disease progression bias)
Did the whole sample or a random selection of Y Y N Y Y Y Y Y Y Y Y N
the sample, receive verification using a
reference standard of diagnosis? (partial
verification bias)
Did patients receive the same reference standard Y Y Y Y Y Y Y Y Y Y Y Y
regardless of the index test result? (differential
verification bias)
Was the reference standard independent of the Y Y Y Y Y Y Y Y Y Y Y Y
index test (ie, the index test did not form part
of the reference standard)? (incorporation bias)

Was the execution of the index test described in Y Y N N Y N Y Y Y Y Y Y
sufficient detail to permit replication of the test?

Was the execution of the reference standard described Y Y N N Y N Y Y Y Y Y Y
in sufficient detail to permit its replication?

Were the index test results interpreted without U Y Y U Y U U U U Y U Y

knowledge of the results of the reference
standard? (review bias)

Were the reference standard results interpreted Y Y Y U Y u u U U 8] U U
without knowledge of the results of the index
test? (review bias)

Were the same clinical data available when test Y Y Y Y Y U Y Y Y Y u Y
results were interpreted as would be available when
the test is used in practice?

Were uninterpretable/intermediate test results reported? N Y N Y Y u Y Y Y N N N
Were withdrawals from the study explained? U ] U U Y u Y Y Y U N u
Total score (maximum, 14) 9 12 7 8 14 4 11 10 11 11 6 8

NOTE. Results of the QUADAS assessment items are interpreted as follows: Y, yes; N, no; U, unclear. One point is awarded for each yes response.
QUADAS, Quality Assessment of Diagnostic Accuracy Studies.
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Prospective comparison of real-time tissue elastography
and serum fibrosis markers for the estimation of liver
fibrosis in chronic hepatitis C patients
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Aim: Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using ultra-
sonography. Liver fibrosis (LF) index is a quantitative method
for evaluation of liver fibrosis calculated by RTE image fea-
tures. This study aimed to investigate the significance of
LF index for predicting liver fibrosis in chronic hepatitis C
patients.

Methods: In this prospective study, 115 patients with
chronic hepatitis C who underwent liver biopsy were
included, and the diagnostic accuracy of LF index and serum
fibrosis markers was evaluated.

Results: RTE imaging was successfully performed on all
patients. Median LF index in patients with FO-1, F2, F3 and F4
were 2.61, 3.07, 3.54 and 4.25, respectively, demonstrating a
stepwise increase with liver fibrosis progression (P < 0.001).
LF index (odds ratio [OR]=5.3, 95% confidence interval
[Cl] = 2.2-13.0) and platelet count (OR = 0.78, 95% Ci = 0.68—

0.89) were independently associated with the presence of
advanced fibrosis (F3-4). Further, LF index was independently
associated with the presence of minimal fibrosis (FO-~1)
(OR = 0.25, 95% Cl = 0.11-0.55). The area under the receiver—
operator curve {AUROC) of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4 index
(0.80) and aspartate aminotransferase/platelet ratio index
(APRI) (0.76). AUROC of LF index (0.81) was superior to plate-
lets (0.73), FIB-4 index (0.79) and APRI (0.78) in predicting
minimal fibrosis.

Conclusion: LF index calculated by RTE is useful for predict-

ing liver fibrosis, and diagnostic accuracy of LF index is supe-
rior to serum fibrosis markers.

Key words: chronic hepatitis C, fibrosis, liver fibrosis index,
real-time tissue elastography

INTRODUCTION

N ADVANCED STAGE of liver fibrosis in chronic
hepatitis C (CHC) is associated with hepatocellular
carcinoma development and complications such as
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esophageal variceal bleeding and liver failure.'? There-
fore, accurate evaluation of the stage of liver fibrosis
is most important in clinical practice. Liver biopsy is
considered to be the golden standard for diagnosis
of liver fibrosis.’~ However, this method may be inac-
curate because of sampling errors and interobserver
variations.®’

Improvements in a variety of non-invasive methods
for evaluating liver fibrosis have recently emerged as
alternatives to liver biopsy. Liver fibrosis was reportedly
predicted by measurement of liver stiffness using
transient elastography®® and acoustic radiation force
impulse (ARFI).'*'" As assessed by blood laboratory
tests, the aspartate aminotransferase (AST)/alanine

© 2013 The Japan Society of Hepatology
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aminotransferase (ALT) ratio,'> AST/platelet ratio index
(APRI),**'* and FIB-4 index'*'® have been reported to be
useful for the prediction of liver fibrosis. We previously
reported that the FIB-4 index is useful for the prediction
of liver fibrosis progression.”

Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using
ultrasonography.'® RTE calculates the relative hardness
of tissue from the degree of tissue distortion and dis-
plays this information as a color image. RTE was
recently reported to be useful for predicting liver fibro-
sis.”?° To increase the objectivity of the evaluation, an
image analysis method to evaluate the strain image fea-
tures and a new algorithm to deliver an index were
proposed. Liver fibrosis (LF) index is a quantitative
method for evaluation of liver fibrosis that is calculated
by nine RTE image features, and the significance of LF
index for predicting liver fibrosis has been reported.'*

In the present study, we prospectively investigated the
significance of LF index calculated by RTE for the pre-
diction of liver fibrosis in CHC patients. Further, diag-
nostic accuracy for liver fibrosis was compared between
LF index and serum fibrosis markers.

METHODS

Patients

TOTAL OF 127 consecutive patients with CHC
were prospectively investigated. All patients under-
went liver biopsy at Musashino Red Cross Hospital
between February 2011 and November 2012. Exclusion
criteria comprised the following: (i) co-infection with
hepatitis B virus (n=1); (ii) co-infection with HIV
(n = 1); (iii) history of autoimmune hepatitis or primary
biliary cirrhosis (n=3); (iv) alcohol abuse (intake of
alcohol equivalent to pure alcohol 240 g/day) (n=0);
(v) portal tracts of biopsy sample of less than five
(n=7); and (vi) presence of serious heart disease
(n=0). After exclusion, 115 patients were enrolled in
this study. Written informed consent was obtained from
each patient and the study protocol conformed to the
ethical guidelines of the Declaration of Helsinki and was
approved by the institutional ethics review committees
(application no. 24007).

Histological evaluation

Liver biopsy specimens were laparoscopically obtained
using 13-G needles (n=93). When laparoscopy was
not conducted due to a history of upper abdominal
surgery, percutaneous ultrasound-guided liver biopsy

RTE and liver fibrosis 721

was performed using 15-G needles (n = 22). Specimens
were fixed, paraffin-embedded, and stained with
hematoxylin-eosin and Masson-trichrome. A biopsy
sample with minimum portal tracts of five was required
for diagnosis. All liver biopsy samples were indepen-
dently evaluated by two senior pathologists who were
blinded to the clinical data. Fibrosis staging was catego-
rized according to the METAVIR score:* FO, no fibrosis;
F1, portal fibrosis without septa; F2, portal fibrosis with
few septa; F3, numerous septa without cirrhosis; and F4,
cirrhosis. Activity of necroinflammation was graded on a
scale of 0-3: AQ, no activity; A1, mild activity; A2, mod-
erate activity; and A3, severe activity. Percentage of
steatosis was quantified by determining the average pro-
portion of hepatocytes affected by steatosis and graded
on a scale of 0-3: grade 0, no steatosis; grade 1, 1-33%;
grade 2, 34-66%; and grade 3, 67% and over.

Clinical and biological data

The age and sex of the patients were recorded. Serum
samples were collected within 1 day prior to liver biopsy
and the following variables were obtained through
serum sample analysis: AST, ALT and platelet count.
FIB-4 index and APRI were calculated according to the
published formula appropriate to each measure.”"

RTE and LF index

Real-time tissue elastography was performed using HI
VISION Preirus (Hitachi Aloka Medical, Tokyo, Japan)
and the EUP-L52 linear probe (3-7 MHz; Hitachi Aloka
Medical) within 3 days of liver biopsy. RTE was per-
formed on the right lobe of the liver through the inter-
costal space. An RTE image was induced by heartbeats.
Five RTE images were collected for each patient and
analyzed to calculate nine image features. RTE method
and the equation that calculates LF index using nine
image features has been previously detailed.? Results
are expressed as mean LF index of all measurements.
Two hepatologists (N. T. and K. Tsuchiya, with 8 and
16 years of experience, respectively) performed RTE. In
32 patients with CHC, LF index was measured indepen-
dently by two examiners. The correlation coefficient of
LF index between two examiners was 0.85 (P <0.001).

Statistical analysis

Correlations between LF index and histological fibrosis
stage were analyzed using Spearman'’s rank correlation
coefficients. Categorical variables were compared using
Fisher's exact test, and continuous variables were com-
pared using Mann-Whitney U-test. P < 0.05 was con-
sidered statistically significant. Logistic regression was

© 2013 The Japan Society of Hepatology
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used for multivariate analysis. Receiver-operator curves
(ROC) were constructed, and the area under the ROC
(AUROC) was calculated. Optimal cut-off values were
selected, to maximize sensitivity, specificity and diag-
nostic accuracy. Sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV)
were calculated by using cut-offs obtained by ROC. SPSS
software ver. 15.0 (SPSS, Chicago, 1L, USA) was used for
analyses.

RESULTS

Patient characteristics

HE CHARACTERISTICS OF all 115 patients are

listed in Table 1. FO-1 was diagnosed in 52 cases
(45%), F2 in 31 (27%), F3 in 20 (17%) and F4 in 12
(11%). Mean values of LF index of FO (2.62) and F1
(2.60) were not significantly different (P=0.9), and
only six patients with FO were included in this study.
Therefore, patients with FO and F1 were integrated for
the analysis. RTE imaging was successfully performed in
all patients, and LF index was calculated.

Relationship between histological findings
and LF index by RTE

The median value of LF index compared with the
METAVIR fibrosis stage is shown in Figure 1. Median LF

Table 1 Patient characteristics

Characteristics Patients (n=115)
Female/male 68/47
Age (years) 57.9+10.9
AST (IU/L) 55.7 +44.9
ALT (IU/L) 63.2+56.3
Platelet counts (x10°/L) 162 £53
Portal tracts of biopsy samples 12.6 £5.0
Fibrosis stage

FO-1 (%) 51 (44)

F2 (%) 32 (28)

F3 (%) 20 (17)

F4 (%) 12 (11)
Histological activity

A0 (%) 0 (0)

Al (%) 75 (65)

A2 (%) 34 (30)

A3 (%) 6 (5)
Steatosis grade

Grade 0 (%) 65 (57)

Grade 1 (%) 47 (41)

Grade 2 (%) 3(2)

Grade 3 (%) 0(0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

© 2013 The Japan Society of Hepatology
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Figure 1 Correlation between liver fibrosis (LF) index calcu-
lated by real-time tissue elastography and fibrosis stage. Box
plot of the LF index is shown according to each fibrosis stage.
The bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through the
box indicates the median value, and error bar indicates
minimum and maximum non-extreme values.

index in patients with FO-1, F2, F3 and F4 were 2.61,
3.07, 3.54 and 4.25, respectively, demonstrating a step-
wise increase with liver fibrosis progression (P < 0.001).
LF index of each fibrosis stage significantly differed from
each other (FO-1vs F2, P < 0.001; FO-1 vs F3, P < 0.001;
FO-1 vs F4, P<0.001; F2 vs F3, P=0.009; F2 vs F4,
P=0.001). On the other hand, mean values of LF index
in patients with steatosis grade 0, 1 and 2 were 2.99,
3.29 and 2.60, respectively, demonstrating no signifi-
cant correlation (Fig. 2a). LF index was compared with
steatosis grade for each fibrosis stage. LF index was not
significantly different between patients with steatosis
and without steatosis (Fig. 2b).

Liver fibrosis index was compared with histological
activity. A significant correlation existed between histo-
logical activity and fibrosis stage. Therefore, the relation-
ship between LF index and histological activity was
examined by each fibrosis stage. In patients with FO-1,
the mean LF index of A1, A2 and A3 was 2.60, 2.58 and
2.40, respectively, demonstrating no significant correla-
tion. Similarly, in patients with F2, F3 and F4, there was
no significant correlation between LF index and histo-
logical activity (Fig. 3).
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Figure 2 (a) Correlation between liver fibrosis (LF) index and
steatosis grade. Box plot of the LF index is shown according to
each steatosis grade. The bottom and top of each box represent
the 25th and 75th percentiles, giving the interquartile range.
The line through the box indicates the median value, and error
bar indicates minimum and maximum non-extreme values.
(b) Box plot of LF index for each fibrosis stage in relation to
degree of steatosis grade. The bottom and top of each box
represent the 25th and 75th percentiles, giving the interquar-
tile range. The line through the box indicates the median value,
and error bar indicates minimum and maximum non-extreme
values. Dark grey bar chart indicates steatosis grade 0. Light
grey bar chart indicates steatosis grade 1-2.

RTE and liver fibrosis 723

6
5
p=0.9
[
§41 T
k=]
£
5
3,
2_
1,

FO-1 F2 F3 F4

Figure 3 Box plot of liver fibrosis (LF) index for each fibrosis
stage in relation to degree of necroinflammatory activity. The
bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through
the box indicates the median value, and error bar indicates
minimum and maximum non-extreme values. Dark grey bar
chart indicates activity grade 1. Light grey bar chart indicates
activity grade 2. White bar chart indicates activity grade 3.

Comparison of variables associated with
the presence of advanced fibrosis (F3-4) by
univariate and multivariate analysis

Variables associated with the presence of advanced
fibrosis (F3-4) were assessed by univariate and multi-
variate analysis (Table 2). The variables of age (P = 0.03)
and LF index (P < 0.001) were significantly higher, and
the variable of platelets (P <0.001) was significantly
lower in patients with advanced fibrosis than in
patients with FO-2. Multivariate analysis showed that
LF index (odds ratic [OR]=5.3, 95% confidence
interval [CI] =2.2-13.0) and platelets (OR=0.78, 95%
CI = 0.68-0.89) were independently associated with the
presence of advanced fibrosis.

Comparison of variables associated with
the presence of minimal fibrosis (FO-1) by
univariate and multivariate analysis

Variables associated with the presence of minimal fibro-
sis (FO-1) were assessed by univariate and multivariate
analysis (Table 3). The variables of age (P < 0.001), AST
(P=0.02) and LF index (P < 0.001) were significantly
lower, and the variable of platelets (P < 0.001) was sig-
nificantly higher in FO-1 patients than F2-4 patients.

© 2013 The Japan Society of Hepatology
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Table 2 Variables associated with the presence of advanced fibrosis (F3-4) by univariate and multivariate analysis

F0-2 (n=283) F3-4 (n=32) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)
Age (years) 56.6+10.9 61.3+10.4 0.03
Sex (female/male) 51/32 17/15 0.41
AST (IU/L) 5234433 64.4+48.3 0.19
ALT (1U/L) 62.9+60.6 63.9+44.2 0.93
Platelets (x10°/L) 179 447 117 +42 <0.001 0.78 (0.68-0.89)
LF index 2.81£0.69 3.861+0.81 <0.001 5.30 (2.16-13.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.

Multivariate analysis showed that LF index was indepen-
dently associated with the presence of minimal fibrosis
(OR=0.25, 95% CI =0.11-0.55).

Diagnostic accuracy of RTE and serum
fibrosis markers

Receiver-operator curves of LF index, platelets, FIB-4
index and APRI for predicting advanced fibrosis (F3-4),
and minimal fibrosis (FO-1) were plotted, as shown in
Figure 4. AUROC of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4
index (0.80) and APRI (0.76). Similarly, for predicting
minimal fibrosis, AUROC of LF index (0.81) was supe-
rior to platelets (0.73), FIB-4 index (0.79) and APRI
(0.78). The corresponding sensitivities, specificities, PPV
and NPV are detailed in Table 4.

DISCUSSION

MPROVEMENTS IN VARIOUS methods for predic-
tion of liver fibrosis have recently emerged as alterna-
tives to liver biopsy. RTE is a non-invasive method for
the measurement of tissue elasticity using ultrasonogra-
phy. The utility of RTE for evaluating liver fibrosis is
reported in a few studies.'®*? However, for utilizing LF

index, one of the equations used to calculate tissue elas-
ticity by RTE is still unclear. The aim of this study was to
investigate the significance of LF index for the prediction
of liver fibrosis in CHC patients.

In this prospective study, we found that LF index is a
useful predictive factor for diagnosis of the fibrosis stage
in CHC patients. Increase in LF index significantly cor-
related with progression of the fibrosis stage and LF
index was able to predict the presence of advanced fibro-
sis and minimal fibrosis. Previous studies reported the
utility of LF index for prediction of the liver fibrosis
stage.”™** In this study, LF index differed significantly
between patients with FO-1 and F2; thus, LF index was
especially useful for prediction of minimal fibrosis. This
may be due to a sufficient number of patients with FO-1
and F2 included in the present study. This is an advan-
tage of LF index because other quantitative methods by
RTE could not discriminate patients with FO-1 and
F2.22° On the other hand, there is a possibility that a
similar result may be obtained for differentiation of F3
and F4 if a large number of patients with advanced
fibrosis was included.

Previous studies did not compare the diagnostic accu-
racy of LF index and serum fibrosis markers. We revealed
that LF index performed better than serum fibrosis

Table 3 Variables associated with the presence of minimal fibrosis (FO-1) by univariate and multivariate analysis

F0-1 (n=51) F2-4 (n=064) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)

Age (years) 54.0+11.9 61.0+9.0 <0.001

Sex (female/male) 31/20 37/27 0.74

AST (IU/L) 44.5+42.6 64.6+44.9 0.02

ALT (IU/L) 53.0+56.3 713 %555 0.08

Platelets (x10°/L) 186 £ 47 142+ 50 <0.001

LF index 2.60+£0.59 3.51+0.84 <0.001 0.25 (0.11-0.55)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; LF, liver fibrosis.
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Figure 4 Receiver-operator curves (ROC) of liver fibrosis (LF)
index and serum fibrosis markers. (a) ROC for diagnosis of
significant fibrosis (F3-4). {(b) ROC for diagnosis of minimal
fibrosis (FO-1). —, LF index; ----, platelets; , aspartate
aminotransferase-to-platelet ratio index; = , FIB-4 index.

markers based on blood laboratory tests for predicting
liver fibrosis.

Transient elastography has been most commonly
used to measure liver stiffness and is established in
clinical practice to evaluate liver fibrosis.®® RTE exhibits
some advantages compared with transient elastogra-
phy. In this study, RTE imaging was successfully per-
formed in all patients, and LF index was calculated.
Although transient elastography has high diagnostic

RTE and liver fibrosis 725

capabilities when it comes to liver fibrosis, measure-
ments are sometimes impossible in patients with severe
obesity and ascites.*® Reproducibility of transient
elastography was reportedly lower in patients with
steatosis, inflammation, increased body mass index
and lower degrees of liver fibrosis.”>” On the other
hand, LF index is measured by ultrasound guidance
that facilitates the identification of a suitable location
for elastographic measurement, thereby resulting in a
higher number of patients with valid results.

Unlike transient elastography, another advantage of
LF index is that the results are not influenced by the
presence of inflammation and steatosis. It was reported
that LF index is not useful in patients with steatosis.?
However, LF index was not significantly different
between patients with and without steatosis in the
present study even after stratification by fibrosis stage.
Thus, LF index was useful for prediction of fibrosis in
CHC patients regardless of steatosis. Because LF index of
each activity grade and steatosis grade did not differ
from each other, estimation of liver fibrosis by LF
index demonstrated higher reproducibility than tran-
sient elastography.

In previously reports, diagnostic accuracy of liver
fibrosis using RTE was inferior to transient elastogra-
phy;*® however, other studies have reported contrasting
results.’” The reason for this variability is probably
because RTE technology and the equations used to cal-
culate tissue elasticity are rapidly changing. The utility of
elastic ratio, another RTE method for evaluation of liver
fibrosis, was reported.”® The elastic ratio is the ratio
between the tissue compressibility of the liver and that
of the intrahepatic small vessel. The AUROC of elastic
ratio for predicting advanced fibrosis was 0.94 and was
superior to LF index. Further, ARFI and real-time shear
wave elastography were reported to have a high diag-
nostic accuracy of liver fibrosis.’®!?* There are currently
no studies that directly compare LF index and those
methods for diagnostic value of liver fibrosis. Therefore,
further studies are needed to fully explore the potential
of RTE, especially with regard to LF index.

Our study had several limitations. The number of
patients with advanced fibrosis was small. The potential
of LF index to differentiate patients with F3 and F4
needs to be explored with a large number of patients.
Further, validation study is needed to evaluate the diag-
nostic accuracy of fibrosis stage, especially in compari-
son with other modalities.

In conclusion, LF index calculated by RTE is useful for
predicting liver fibrosis, and diagnostic accuracy of LF
index is superior to that of serum fibrosis markers.

© 2013 The Japan Society of Hepatology
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Table 4 Diagnostic performance of LF index and serum fibrosis markers

FO-2 vs F3-4 FO-1 vs F2-4
AUROC  Sensitivity  Specificity PPV NPV AUROC  Sensitivity  Specificity =~ PPV NPV
(%) (%) (%) (%) (%) (%) (%) (%)
LF index 0.84 90.6 71.1 54.7 95.2 0.81 84.3 70.3 69.4 84.9
Platelets 0.82 87.5 66.3 50.0 93.2 0.73 80.4 59.4 61.2 79.2
FIB-4 index 0.80 71.9 81.9 60.5 88.3 0.79 54.9 90.6 82.3 71.6
APRI 0.76 87.5 61.4 46.7 92.7 0.78 64.7 85.9 78.6 75.3

APRI, aspartate aminotransferase/platelet ratio index; AUROC, area under the receiver-operator curve; NPV, negative predictive value;
PPV, positive predictive value.
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Abstract

Purpose: To evaluate the usefulness of a virtual ultrasound
(US) imaging device as a tool to assist novice sonographers.
Materials and Methods: A prospective blinded pilot study
was conducted involving patients with liver lesions. Two so-
nographers and 2 medical doctors with less than 5 years of
experience performed US examinations. The time needed
to detect liver lesions on US and the success rate for detect-
ing liver lesions with and without using the virtual US imag-
ing device SYNAPSE VINCENT® (Fujifilm Medical Co., Tokyo,
Japan) before US examination were evaluated. Results:
Thirty-two patients with the following 42 liver lesions were
included: liver cyst (n = 24), hemangioma (n = 8), hepatocel-
lular carcinoma (n = 6), and liver metastasis (n =4). The max-
imal diameter of these lesions ranged from 0.3 to 1.5 cm
(mean + SD, 0.8 + 0.4). The average time for detecting liver
lesions on US was 47.8 s (range, 7-113) with VINCENT and
112.9 s (range, 14-313) without VINCENT before US exami-
nation. There were significant differences in the duration of

US examination with and without VINCENT (p = 0.0002, Stu-
dent’s t test). The rates for accurately detecting liver lesions
were 100 and 76.2% (16/21) in US beginners with and with-
out VINCENT, respectively. Significantly higher detection
rates were found in the US beginners who used VINCENT
compared to those who did not use VINCENT (p = 0.047,
Fisher's exact test). Conclusion: Before US examination, a
reference with VINCENT could contribute to the successful
detection of liver lesions and could be time-saving for US
beginners. © 2014 S. Karger AG, Basel

Introduction

Multidetector CT has been in clinical use since the late
1990s, and 3D imaging technology has markedly ad-
vanced. At the beginning of its clinical application, CT
image reconstruction focused on displaying organs in
real time [1, 2]. Recently, 3D imaging analysis has diversi-
fied. The ease and speed of obtaining needed images from
3D volume data have become important for the treatment
ofliver tumors, especially radiofrequency ablation for he-
patocellular carcinoma [3, 4]. Especially in the liver, diag-
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