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Abstract

Background/purpose The accurate preoperative evalua-
tion of liver fibrosis stage is important in determining
surgical procedures. Although percutaneous liver biopsy is
the gold standard, it may cause undesirable complications,
such as bleeding. This study aimed to evaluate the use-
fulness of real-time tissue elastography for the preoperative
assessment of liver fibrosis stage.

Methods We focused on a new mode of sonogram, real-
time elastography, which can show tissue elasticity on ima-
ges, and express the elasticity numerically. The elastic ratio of
the liver for the intercostal muscle for each patient was cal-
culated preoperatively, using the sonography device. The
liver fibrosis stages were finally determined in the operative
specimens from 41 patients. We examined the correlation
between the elastic ratio and the histological fibrosis stage.
Results The lower the elastic ratio, the more advanced
was the liver fibrosis stage. There was a significant corre-
lation between the elastic ratio and the histological fibrosis
stage. The area under the receiver-operating characteristics
curve for the diagnosis of significant liver fibrosis using
this device was superior to those conventionally deter-
mined by blood parameters.

Conclusions Real-time elastography is a promising
sonography-based noninvasive method for the preoperative
assessment of liver fibrosis.
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Introduction

Chronic infection with viral hepatitis is an important cause
of liver cirrhosis and its sequelae [1-3]. A precise assess-
ment of the degree of liver fibrosis is important for the
estimation of prognosis, for surveillance, and for treatment
decisions in patients with chronic viral hepatitis [4].
Moreover, as it is reported that the risk of liver failure is
highest in patients with cirrhosis undergoing major hepa-
tectomy [5-7], it is very important to assess preoperatively
the liver fibrosis stage to prevent postoperative mortality.
Currently, liver biopsy is the gold-standard method for
assessing liver fibrosis [8, 9]. However, it is difficult to
perform liver biopsy for all patients who need to be
assessed repeatedly because of its invasiveness and
potential risk. Moreover, its accuracy in assessing liver
fibrosis is sometimes questionable, as reproducibility is
poor due to sampling errors and, even in adequately sized
specimens, diagnostic opinions often differ among
pathologists. Therefore, many studies have focused on the
evaluation of noninvasive methods for the assessment of
liver fibrosis stage.

Real-time tissue elastography is a new method for the
measurement of tissue elasticity, using a sonography
machine (EUB-8500; Hitachi Medical Systems, Tokyo,
Japan) [10, 11]. With this device, the echo signals are
captured in real time while the probe slightly compresses or
relaxes the body through freehand operation. The small
compression plate is usually attached to an ultrasonic probe
so that stable tissue compression is attained and the stress
field is transmitted more uniformly; consequently, a good
strain image is obtained. The strain of tissue is color-coded
according to its magnitude and translucently superim-
posed on the conventional two-dimensional (2D) images.
This simultaneous display enables us to understand the
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anatomical correspondence between the tissue elasticity
image and the conventional B-mode image. On the color
scale strain image, red indicates that tissue is soft and blue
that it is hard. This device can rapidly calculate the relative
hardness of tissue, and display this information as real-time
color images [10, 11]. Friedrich-Rust et al. [12] examined
the usefulness of this device in the evaluation of liver
fibrosis, using data from 79 patients with chronic viral
hepatitis of known fibrosis stage and 20 healthy volunteers.
In the present study, we used operative liver specimens
from 41 patients to finally determine the true liver fibrosis
stage for each patient and investigated whether this new
noninvasive diagnostic method is superior to other con-
ventional ones using blood parameters in assessing the
degree of liver fibrosis preoperatively.

Patients and methods
Patients

Between August 2005 and August 2008, 41 patients who
underwent an intraoperative liver biopsy or a hepatectomy
at Tokushima University Hospital were included in this
study. Among these patients, 32 patients underwent a
hepatectomy (11, hepatocellular carcinoma; 9, metastatic
liver cancer; 7, cholangiocellular carcinoma; 5, others). In
7 patients, an intraoperative liver biopsy was obtained
when a splenectomy was performed to alleviate hyper-
splenism due to liver cirrhosis. The other 2 patients
underwent living-donor liver transplantation for hepato-
cellular carcinoma (HCC) and liver cirrhosis. The patients’
characteristics are summarized in Table 1. The present
study was performed in accordance with the ethical
guidelines of the Declaration of Helsinki.

Table 1 Patient characteristics

Liver histology and determination of liver fibrosis stage

The liver specimens were fixed in formalin, embedded in
paraffin, and stained with hematoxylin and eosin. The new
Inuyama scoring system for chronic hepatitis proposed by
the Japanese Liver Study Group in 1994 [13], which is
similar to the classification of chronic hepatitis determined
by the USA-European Liver Study Group [14], was used to
assess the fibrosis stage, as follows; score 0, no fibrosis
(FO); score 1, fibrous portal expansion (F1); score 2,
bridging fibrosis (F2); score 3, bridging fibrosis with lob-
ular degeneration (F3); and score 4, cirrhosis (F4).

Elastic ratio

Hepatic elasticity was measured using real-time tissue
elastography (EUB-8500; Hitachi Medical Systems). The
patients were examined in a supine position with their right
arm elevated above their head. After examination in
B-mode, the mode was switched to elastography, and the
probe scanned vertically from the right intercostal space to
observe the right hepatic lobe. In the evaluation of liver
fibrosis, we calculated the elastic ratio of the liver for the
intercostal muscle (Fig. 1). A higher elastic ratio indicates
softer hepatic elasticity. None of the patients had liver
tumors in the right lobe that might have interfered with the
real-time elastography.

Blood parameters

The following parameters were determined using blood
samples: aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), total bilirubin, platelets, hyaluronic
acid (HA), type IV collagen, cholinesterase, indocyanine
green retention rate at 15 min (ICG-R15), and the aspartate

FO F1 F2 F3 F4 P value®
n=9) (n=6) (n=4) (n="7) (n=15)
Age (years) 64 + 4 72+£3 75+3 65 £3 64 £3 0.1449
Gender (n: M/F) 772 5/1 31 3/4 12/3 0.4335
Virology 0.0149
Hepatitis B 0 2 0 2 2
Hepatitis C 0 0 0 2 8
AST (1U/1) 24.0 &£ 3.0 240 £ 11.0 31.0 £ 82 383 £78 490+ 54 0.0324
ALT IU/N) 221 +43 51.2 &+ 20.5 30.8 £ 9.4 38.0 £ 8.7 40.7 £ 5.7 0.2537
Total Bilirubin (mg/dl) 0.92 + 0.09 4.40 &+ 3.58 0.68 £+ 0.05 0.96 + 0.14 1.37 £ 0.21 0.2825
Cholinesterase (IU/1) 262 £ 22 232 + 42 225 + 40 281 + 38 142 £ 13 0.0029
Platelets (x 10%/ul) 233 +£34 238 £3.2 253 £ 104 179 £ 3.6 145+ 42 0.0310
ICG-R15 (%) 50+ 15 92+19 6.3 £33 12.1 £ 45 140 £ 3.6 0.6922

? Kruskal-Wallis one-way ANOVA tests were used for statistical analyses
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Fig. 1 The elastic ratio was
measured between the tissue
compressibility of the
intercostal muscle (A) and that
of the liver (B). Red indicates
that tissue is soft and blue that it
is hard
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Fig. 2 Box plots of a elastic ratio, b hyaluronic acid, ¢ type IV
collagen, and d aspartate aminotransferase-to-platelet ratio index
(APRI) for each fibrosis stage. Top and bottom of boxes represent first
and third quartiles, respectively. The length of the box represents
interquartile range within which 50% of values are located. The thick
line through each box represents the median. Error bars mark the
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minimum and maximum values (ranges). A significant correlation
was found between liver fibrosis stage and elastic ratio (Spearman’s
test, P < 0.0001), or hyaluronic acid (Spearman’s correlation coef-
ficient, P < 0.001), or type IV collagen (Spearman’s test,
P < 0.0008) or APRI (Spearman’s test, P < 0.0001)
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aminotransferase-to-platelet ratio index (APRI). The APRI
index was calculated as follows: AST (per upper limit of
normal; 33 TU/I) x 100/platelet count (109/1) [14].

Statistical analysis

All results were expressed as mean values £+ SD. Com-
parisons among fibrosis stage groups were performed by
the Kruskal-Wallis one-way analysis of variance
(ANOVA) test. Correlations between each parameter and
the histological fibrosis stage were also assessed using
Spearman’s test. A P value of less than 0.05 was consid-
ered statistically significant.

The diagnostic performance of the elastic ratio, HA, type
IV collagen, and APRI were assessed by receiver-operating
characteristic (ROC) curves. An area under the curve of 1.0 is
characteristic of an ideal test, whereas 0.5 indicates a test is of
no diagnostic value. The diagnosis of significant fibrosis
(F > F3) was selected as the optimal liver stiffness cut off.

The statistical analyses were done using Stat View
software (Abacus Concepts, Berkeley, CA, USA).

Results

Relationship between liver elastic ratio and liver
fibrosis

The median liver elastic ratios in patients with FO (n = 9),
F1 n=6), F2 (n=4), F3 (n=7), and F4 (n = 15) were

1.0 1
0.8
.-E"o.s
=
=
n
50,4- 1 — elastic ratio
}—' ceees APRI
0.2 1 - = Type IV collagen
- hyaluronic acid
0 i —— e ———————
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1-Specificity

Fig. 3 Receiver-operating characteristic curves for diagnosis of liver
fibrosis (F > F3) by real-time elastography, hyaluronic acid, type IV
collagen, and APRI. The area under the receiver-operating charac-
teristic curve for the diagnosis of significant liver fibrosis or cirrhosis
(F > F3) using the EUB-8500 (Hitachi Medical Systems) device was
superior to those for the blood parameters
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1.56, 1.36, 1.03, 0.62, and 0.45, respectively. Figure 2a
shows box plots of the elastic ratio for each fibrosis stage.
There was a significant correlation between the fibrosis
stage and the elastic ratio (Spearman’s test, P < 0.0001).

Relationship between liver elastic ratio and blood
parameters

Figure 2b—d shows box plots of HA level, type IV collagen
level, and APRI in patients with various fibrosis stages.
The median HA levels in patients with FO, F1, F2, F3, and
F4 were 72.4, 82.7, 169.0, 134.1, and 306.3 ng/ml,
respectively (Fig. 2b). There was a significant correlation
between fibrosis stage and HA level (Spearman’s test;
P < 0.001).

The median type IV collagen levels in patients with FO,
F1, F2, F3, and F4 were 135.2, 222.8, 232.5, 173.4, and
289.0 ng/ml, respectively (Fig. 2¢). There was a significant
correlation between fibrosis stage and type IV collagen
level (Spearman’s test, P = 0.0008).

The median APRI levels in patients with FO, F1, F2, F3,
and F4 were 0.39, 0.53, 0.56, 0.88, and 1.76, respectively
(Fig. 2d). There was a significant correlation between
fibrosis stage and APRI (Spearman’s test; P < 0.0001).

Comparison of elastic ratio by real-time tissue
elastography with HA and APRI

Figure 3 shows ROC curves for the diagnosis of fibrosis
stages (F > F3). The areas under the ROC curves, by
elastic ratio, HA, type IV collagen, and APRI were 0.951,
0.822, 0.707, and 0.835, respectively. The area under the
ROC curve by elastic ratio was superior to those stratified
by other serum parameters.

With regard to the distribution of elastic ratio in relation
to fibrosis stage, the cut off values were determined to be
1.18 for F > F2, 0.75 for F > F3, and 0.6 for F = F4
(Table 2). The sensitivity and specificity for the detection
of significant fibrosis (F > F3) were 95.5 and 89.4%,
respectively. The positive predictive value and the negative
predictive value were 91.3 and 94.4%, respectively.

Table 2 Cut off values of elastic ratio for the determination of
fibrosis stage (F)

Value F>F2 F > F3 F=F4
Cut off 1.18 0.75 0.60
Sensitivity (%) 96.2 95.5 93.3
Specificity (%) 73.3 89.4 73.1
Positive predictive value (%) 86.2 91.3 66.7
Negative predictive value (%) 91.7 94.4 95.0

Liver fibrosis stages were determined according to the new Inuyama
classification [13]
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Discussion

In patients with chronic viral hepatitis, the identification of
significant fibrosis (F > F3) is of special interest, because
the presence of fibrosis is an important parameter for indi-
cations for antiviral treatment [12]. Evaluation of
histopathological tissue obtained by liver biopsy has been
the conventional gold standard for the evaluation of liver
fibrosis [13, 15]. However, patients sometimes hesitate
about undergoing a liver biopsy because of the pain asso-
ciated with the procedure, the time it requires, and the
economic burden. As a result, biopsy evaluation may be
omitted and hematological data used instead. Because
evaluation by hematological data has its limits, however, a
noninvasive imaging diagnosis of liver fibrosis is warranted.

Transient elastography was recently developed for the
noninvasive evaluation of liver elasticity, and its usefulness
has been reported [15-17]. This technique involves the
generation, by a probe, of audible external vibrations
propagating through the liver. However, there are technical
limitations that may prevent measurement in patients with
a high level of obesity, or patients with severe hepatic
atrophy. In the previous studies, it was difficult to evaluate
liver elasticity in patients with ascites. However, real-time
elastography enables us to evaluate liver elasticity even in
patients with these unfavorable conditions, and it is easy to
verify the position because the images are juxtaposed with
B-mode reference images.

We found an excellent correlation between the elastic
ratio obtained with real-time elastography and the liver
fibrosis stage. Moreover, we assessed the performance of
surrogate blood parameters of fibrosis, such as the HA level
and APRI. These markers are known to be useful for the
quantitative evaluation of liver fibrosis [18, 19]. Castera
et al. [15] have reported that transient elastography is a
simple and effective method for assessing liver fibrosis, with
similar performance to APRI. Takeda et al. [20] reported
that liver stiffness values were significantly correlated with
the serum HA level and concentration of type IV collagen. In
the present study, our data also showed highly significant
correlations between liver fibrosis stage and fibrosis mark-
ers, such as HA, type IV collagen, and APRI.

ROC curves are an efficient way to display the rela-
tionship between sensitivity and specificity for a test with
continuous variables. The ROC curves in the present study
showed the superiority of the elastic ratio using real-time
elastography to other conventional blood parameters such
as HA and APRI in diagnosing liver fibrosis stage.

Our result showed that real-time elastography is a useful
method to evaluate liver elasticity. In addition, the com-
bination of real-time elastography with blood tests may
further improve sensitivity and specificity for the nonin-
vasive estimation of liver fibrosis.
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