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Abstract

Objective: We investigated the utility of combinational elastography with point shear wave

elastography (pSWE) and real-time tissue elastography (RTE) for evaluating liver fibrosis in

patients with liver injury.

Methods: In this prospective single-institution study, patients scheduled for a liver biopsy to

determine the presence of liver disease were enrolled. Liver fibrosis in each patient was evaluated

using both shear wave velocity (Vs) shown by pSWE and the liver fibrosis index (LFI) shown by

RTE, while a liver biopsy sample was obtained from the same area that was subjected to an

elastography examination. Results of the latter were compared with those obtained in a histo-

logical examination.

Results: Multivariate analysis showed that Vs and LFI were significantly correlated with the liver

fibrosis stage in all of the enrolled patients. Sub-analysis findings compared patients with and

without non-alcoholic fatty liver disease (NAFLD) and demonstrated that Vs was significantly

correlated with the liver fibrosis stage in both groups, whereas LFI was correlated with that only

in the non-NAFLD patients. However, a multivariate analysis demonstrated a significant corre-

lation between steatosis grade and LFI in the NAFLD patients.

Conclusions: RTE is less useful than pSWE for assessing liver fibrosis in patients with NAFLD.
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Introduction

Liver fibrosis is closely associated with the
prognosis of patients with chronic liver dis-
ease, and its evaluation is important
for determining the risk of developing
hepatocellular carcinoma.1–5 Although an
ultrasound-guided liver biopsy procedure
is widely accepted as the gold standard
method for a liver injury diagnosis, it is
invasive and can cause fatal complications
such as bleeding.6,7 Additionally, fibrosis
can occur unevenly in the liver, which may
lead to sampling errors, thus affecting the
histological assessment of biopsy sam-
ples.8,9 Therefore, it is important to estab-
lish an effective non-invasive method for
evaluating liver fibrosis that does not
include an ultrasound-guided liver biopsy
procedure.

Elastography was initially developed in
1992 as a non-invasive method for deter-
mining liver fibrosis. Two modes are cur-
rently available, shear wave imaging and
strain imaging, each of which has different
characteristics. Point shear wave elastogra-
phy (pSWE), a type of shear wave imaging,
is integrated into conventional ultrasound
devices as an acoustic radiation force for
quantification of imaging elastography,10

while shear wave velocity (Vs) is determined
by pSWE increases in parallel with the
progress of liver fibrosis, which is a useful
factor for assessing liver fibrosis in patients
with chronic viral hepatitis (CVH)11,12

and non-alcoholic fatty liver disease
(NAFLD).13 However, results obtained
using SWE are affected by inflammation,
jaundice, and congestion in the liver.14

Another imaging method is real-time

strain elastography (RTE), which is a non-

invasive sonography-based technique, and

it provides two-dimensional visualization

of strain induced by internal heartbeat

and vibration of the inferior vena cava.

RTE can be used instead of manual probe

compression, and it is also useful for assess-

ing liver fibrosis in patients with primary

biliary cholangitis (PBC)14 and CVH.15

Furthermore, this imaging method is mini-

mally affected by inflammation, jaundice,

and/or congestion in the liver,14 although

its accuracy is largely dependent on the

measurement technique used, and special

training is required.
Combinational elastography, which uses

the characteristics of both SWE and RTE,

is considered to be useful for evaluating the

degree of liver fibrosis and that of liver

inflammation in patients with autoimmune

hepatitis.16 However, little is known about

its usefulness for evaluating liver fibrosis in

NAFLD patients.17

The purpose of this prospective study

was to investigate combinational elastogra-

phy and its usefulness for pSWE and RTE

in patients with liver injury, including

NAFLD. Furthermore, to increase the eval-

uation accuracy, a liver biopsy was per-

formed in the same area at the same time

as combinational elastography.

Materials and methods

Study design and patients

This prospective single-institution study

was performed at Shimane University

Hospital (Shimane-Izumo, Japan) after
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receiving approval from the local ethics

committee (approval no. 20170619-1).

From April 2017 to March 2020, consecu-
tive patients who were scheduled for an

ultrasound-guided liver biopsy examination

as part of routine clinical care and who

were able to undergo an ultrasound combi-

national elastography examination at the

same time were included. When Vs and/or
the liver fibrosis index (LFI) could not be

adequately measured on the day of liver

biopsy, that patient was excluded. The

study protocol conformed to the principles

of the Declaration of Helsinki, and each

patient provided informed consent to par-
ticipate. The findings for this study were

reported in accordance with the STROBE

guidelines.18

Clinical and laboratory assessments

Clinical data were collected at the time of

the elastography examination, including
age, sex, weight, height, and cause of chron-

ic liver disease. Body mass index (BMI) was

calculated as weight (in kg) divided by

height (in m) squared. Blood samples were

taken after an overnight fast on the same

day as the liver biopsy. The FIB4 index and
type IV collagen 7S serum level were deter-

mined as markers for assessing fibrosis.19–21

Vs (pSWE) and LFI (RTE) calculation

procedures

pSWE and RTE were performed after an

overnight fast using an ultrasound device

(ARIETTA S70; Hitachi, Tokyo, Japan)

with an EUP-C251 convex type probe
(1–5MHz, 50-mm radius scan width, 75�

field of view scan angle) (Hitachi, Tokyo,

Japan), as previously reported.22,23 Using

this device, Vs and LFI can be determined

with a single probe, which is a significant

advantage. First, two sonographers with
varying ultrasound experience and training

in elastography image acquisition

performed pSWE and RTE immediately
before the liver biopsy procedure. During
shallow expiration, five sequential Vs meas-
urements were obtained via an intercostal
approach in the upper portion of the right
lobe. The measurement sites were at least
2 cm below the liver capsule and at a
depth of less than 6 cm below the skin sur-
face. One of the sonographers determined
the region of interest (ROI) in the liver
tissue using liver anatomic structures such
as large blood vessels avoided. Using the
reliability index, the percentage of the net
amount of effective Vs (VsN) was deter-
mined to confirm whether pSWE was
appropriate for the measurements.24 When
VsN was 60% or greater, measurements
were performed five times and the median
value was determined. Next, a ROI was set
in the same location as the area where
pSWE was measured, and RTE was per-
formed five times to evaluate LFI.
Because the RTE displays the relative
amount of distortion, the entire RTE area
was established as the area of analysis.
Finally, in the same area where Vs and
LFI were measured, a liver biopsy was per-
formed using a 16-gauge cutting biopsy
needle (Figure 1).

Histological analysis

Liver biopsy specimens were obtained, fixed
in formalin, and embedded in paraffin, and
they were then stained with hematoxylin–
eosin and Masson’s trichrome. All speci-
mens were examined by pathologists who
were blinded to individual patient charac-
teristics. Only samples with a sufficient
amount of tissue collected for pathological
diagnosis were analyzed. NAFLD was
diagnosed using the Matteoni classification.
In the NAFLD patients, liver histology
findings (fibrosis stage [0–4], hepatitis
grade [0–3], steatosis grade [0–3], and bal-
looning grade [0–2]) were examined in
accordance with the Brunt classification25
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and NAFLD activity (NAS) scoring.26 In
the non-NAFLD patients, fibrosis stage
(0–4) and hepatitis grade (0–3) were
assessed using the Metavir scoring
system,27 while steatosis (0–3) and balloon-
ing (0–2) grades were assessed using the
NAS score.

Statistical analysis

Values are shown as the median (range) or
percentage, as appropriate. The Mann–
Whitney U test was performed to test for
differences between two groups. Any corre-
lation between data was tested using the
nonparametric Spearman’s rank correlation
analysis. Correlations of histological
parameters with Vs and LFI were evaluated
using multivariate analysis. P values <0.05
were considered to indicate statistical
significance. All statistical analyses were
performed using the Bell Curve for Excel
statistical analysis software package, ver.2.14
(Social Survey Research Information Co.,
Ltd., Tokyo, Japan).

Results

Patients

One hundred thirteen patients with liver
injury underwent routine laboratory tests
and a liver biopsy between April 2017
and March 2020. After excluding 17
patients with poor quality Vs or LFI
results, 96 patients were included in this
study. Table 1 shows the etiologies of
liver disease in the present patients, which
included NAFLD, drug-induced liver dis-
ease, PBC, alcoholic liver injury, autoim-
mune hepatitis, hepatitis B virus, hepatitis
C virus, primary sclerosing cholangitis,
and idiopathic portal hypertension. No
specific cause of liver dysfunction was
found in 16.7% (21/96) of the cohort,
even after laboratory and histological
assessments. Table 2 presents characteris-
tics of the study population. The median
age was 65 years (range, 23–86 years), and
there were 52 women and 44 men enrolled
into the study.

Figure 1. (a) Image showing the pSWE procedure. The measurement sites were at least 2 cm below the
liver capsule and at a depth of less than 6 cm below the skin surface. The ROI was determined and anatomic
structures such as large blood vessels were avoided. The Vs value for the area in the rectangle was calculated
using pSWE. (b) Image showing the RTE procedure. An ROI was established in the same area where pSWE
was measured. The LFI value for the area in the trapezium was calculated using RTE and (c) Liver biopsy
sample obtained from same area that was examined using pSWE and RTE.
pSWE, point shear wave elastography; ROI, region of interest; Vs, shear wave velocity; RTE, real-time tissue
elastography; LFI, liver fibrosis index.
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Correlations between elastography type
and histological parameters in patients
with chronic liver disease

Results of the univariate and multivariate
analyses showing correlations between the
elastography type and histological parame-
ters are presented in Table 3. Multivariate
analysis results revealed that Vs was
positively correlated with fibrosis stage
(p< 0.01) and hepatitis grade (p< 0.01),
while LFI showed a positive correlation
with fibrosis stage (p< 0.01) and steatosis
grade (p< 0.05).

Correlations between elastography type
and histological parameters in NAFLD
and non-NAFLD patients

Few reports have presented results of com-
binational elastography that was performed
to examine patients with liver injury, and it
remains unknown whether this method is
appropriate for assessing liver fibrosis in

those with NAFLD. Thus, analyses using

data obtained from the present study were

performed to determine its usefulness.

Characteristics of the NAFLD and non-

NAFLD patients are presented in Table 4.

BMI and serum albumin were significantly

higher in NAFLD patients compared with

those of the non-NAFLD patients. The

average score for each histological factor

was also compared between the groups

(Figure 2). Scores for steatosis and balloon-

ing were significantly higher in the NAFLD

patients, while there were no differences for

hepatitis or fibrosis stage between the

groups.
Next, correlations between the elastogra-

phy type and histological parameters in

NAFLD and non-NAFLD patients were

examined (Table 5). Multivariate analysis

revealed that the fibrosis stage was

significantly correlated with Vs in both

Table 1. Etiology of liver disease in all patients on
the basis of liver biopsy results.

Liver disease No.

NAFLD 33

DILI 15

PBC 10

ALD 7

AIH 5

HCV 2

HBV 1

PBC 1

IPH 1

Nonspecific liver injury � 21

�The specific cause of liver dysfunction was not found

upon laboratory or histological examination.

NAFLD, nonalcoholic fatty liver disease; DILI, drug-

induced liver disease; PBC, primary biliary cholangitis;

ALD, alcoholic liver disease; AIH, autoimmune hepatitis;

HCV, hepatitis C virus; HBV, hepatitis B virus; PBC,

primary sclerosing cholangitis; IPH, idiopathic portal

hypertension.

Table 2. Baseline characteristics and clinical
parameters for all patients (n¼ 96).

Variable

Age (years) 65 (23–86)

Women/men 52/44

Body mass index (kg/m2) 24.0 (16.1–40.6)

Total bilirubin (mg/dL) 0.7 (0.4–6.2)

AST (U/L) 53 (10–816)

ALT (U/L) 63 (10–933)

Platelet count (�109/L) 20.8 (6.6–36.3)

Serum albumin (g/dL) 4.0 (2.1–5.4)

Prothrombin time (%) 104.0 (21.0–145.0)

hs-CRP (mg/dL) 0.1 (0.01–25.8)

FIB4 index 2.3 (0.4–31.3)

Type 4 collagen 7s (ng/mL) 5.3 (2.0–15.0)

Vs (m/s) 1.6 (1.0–3.1)

LFI 2.4 (0.6–4.6)

Values are presented as the number or median

(minimum–maximum).

AST, aspartate aminotransferase; ALT, alanine amino-

transferase; hs-CRP, high-sensitive C-reactive protein;

FIB4 index, fibrosis-4 index; LFI, liver fibrosis index; Vs,

shear wave velocity.
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groups (NAFLD, p< 0.05; non-NAFLD,
p< 0.01). However, the fibrosis stage was
correlated with LFI only in non-NAFLD
patients (p< 0.05). Furthermore, the hepa-
titis grade was correlated with Vs in the
non-NAFLD patients (p< 0.01), while the
steatosis grade was correlated with LFI in
the NAFLD patients (p< 0.05).

Influence of distance from the body
surface to the liver surface on
elastography results

Because thick subcutaneous fat deposition
might affect elastography results by block-
ing ultrasound signals, the distance from
the body surface to the liver surface was

Table 3. Correlation of each histopathologic parameter with Vs and LFI in all patients.

Vs* LFI#

Explanatory variable b p value r p value b p value r p value

All

Fibrosis stage (0/1/2/3/4)¼ (22/34/15/13/12) 0.42 <0.01 0.49 <0.01 0.27 <0.01 0.38 <0.01

Hepatitis grade (0/1/2/3/)¼ (3/43/44/6) 0.25 <0.01 0.31 <0.01 0.19 0.06 0.26 <0.05

Steatosis grade‡ (0/1/2/3/)¼ (52/23/17/4) NE NE 0.29 0.36 0.29 <0.05 0.32 <0.01

Ballooning grade (0/1/2/)¼ (61/10/25) NE NE 0.02 0.96 0.04 0.73 0.31 <0.01

*Vs was determined using pSWE.

#LFI was calculated using RTE.

Vs, shear wave velocity; LFI, liver fibrosis index; RTE, real-time tissue elastography; pSWE, point shear wave elastography;

r, coefficient of correlation in univariate analysis; b, standard partial regression coefficient in multivariate analysis; ‡,

steatosis grade was significantly higher in NAFLD as compared with non-NAFLD patients; NAFLD, nonalcoholic fatty liver

disease; NE, not examined.

Table 4. Baseline demographic characteristics and clinical parameters of NAFLD and non-NAFLD patients.

Variable NAFLD (n¼ 33) Non-NAFLD (n¼ 63)

Age (years) 64 (24–79) 65 (23–86)

Women/men 18/15 34/29

Body mass index (kg/m2) 27.8 (18.3–40.6) 22.2 (16.1–31.2)*

Total bilirubin (mg/dL) 0.7 (0.4–2.1) 0.7 (0.4–6.2)

AST (U/L) 53 (22–186) 53 (10–816)

ALT (U/L) 69 (20–213) 52 (10–933)

Platelet count (�109/L) 22.5 (8.3–29.3) 20.0 (6.6–36.3)

Serum albumin (g/dL) 4.4 (3.3–5.4) 3.7 (2.1–5.0)*

Prothrombin time (%) 108.7 (74.2–136.9) 99.6 (21.0–145.0)

hs-CRP (mg/dL) 0.09 (0.01–1.02) 0.1 (0.01–25.8)

FIB4 index 1.8 (0.4–9.0) 2.5 (0.5–31.3)

Type 4 collagen 7s (ng/mL) 5.4 (2.0–12.0) 5.2 (2.4–15.0)

Vs (m/s) 1.5 (1.1–2.46) 1.9 (1.0–3.1)

LFI 2.8 (0.9–4.6) 2.3 (0.6–3.9)*

*Significant difference between NAFLD and non-NAFLD groups; p< 0.05.

Values are presented as number or median (minimum–maximum).

NAFLD, nonalcoholic fatty liver disease; AST, aspartate aminotransferase; ALT, alanine aminotransferase; hs-CRP,

high-sensitive C-reactive protein; FIB4 index, fibrosis-4 index; LFI, liver fibrosis index; Vs, shear wave velocity.
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analyzed with respect to its influence on Vs

and LFI. The results indicated that the

distance from the body surface to the liver

(2.0 [1.0–3.0] cm, median [range]) was

significantly correlated with the Vs value

(Spearman’s rank correlation analysis;

r¼�0.25, p< 0.05) but not with that of

LFI (Spearman’s rank correlation analysis;

r¼ 0.13; Table 6).

Discussion

To the best of our knowledge, this is the

first study to investigate the usefulness of

combinational elastography for evaluating

liver fibrosis in NAFLD patients.

The results revealed its usefulness for

assessing liver fibrosis in patients with

liver injury using Vs, as shown by pSWE

results, and LFI, as shown by RTE results.

When NAFLD and non-NAFLD patients

were compared, there was no correlation

between LFI and the liver fibrosis stage in

the NAFLD patients. This indicates that

the usefulness of RTE was relatively low

in these cases.
To prevent hepatocellular carcinoma

development in NAFLD patients, it is

important to monitor liver fibrosis in clini-

cal settings.4–8 Although various types of

Figure 2. Histological grades for steatosis, ballooning, hepatitis, and fibrosis in NAFLD and non-NAFLD
patients. The average score for each histological factor was also compared between the groups, and that of
steatosis and ballooning were significantly higher in the NAFLD patients (**p< 0.01).
NAFLD, non-alcoholic fatty liver disease; N, NAFLD group; n-N, non-NAFLD group.
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noninvasive elastography including pSWE

and RTE are used to evaluate liver fibrosis,

no reports regarding the diagnostic

accuracy of combinational elastography

for assessing liver fibrosis in NAFLD

patients have been presented.
A recent meta-analysis that included

nine studies that used pSWE and enrolled

982 NAFLD patients showed that pSWE

was a feasible imaging technique that

enabled non-invasive liver fibrosis staging

in such patients, particularly those with

advanced fibrosis and cirrhosis.13

Although the average liver fibrosis stage

in the NAFLD patients enrolled into the

present study was relatively low, pSWE

was shown to have significant utility for

assessing liver fibrosis even in those cases.

The distance from the body surface to the

liver was correlated with the Vs (Table 6),

suggesting that thick subcutaneous fat

deposition might influence the pSWE

results that are used to evaluate liver fibro-

sis in obese patients, including those with

NAFLD.
The usefulness of RTE for evaluating

liver fibrosis in NAFLD patients remains

controversial. Ochi et al. conducted a pro-

spective investigation of 181 patients with

NAFLD and found RTE to be useful for

evaluating hepatic fibrosis in them.28

Conversely, Tomeno et al. reported that

Table 6. Correlation of the distance from the body surface to the liver with Vs and LFI in all patients.

Vs LFI

Variable Spearman r p value Spearman r p value

All patients Distance �0.25 <0.05 0.13 0.20

Distance, distance from body surface to liver surface; Vs, shear wave velocity; LFI, liver fibrosis index.

Table 5. Correlation of each histopathologic parameter with Vs and LFI in NAFLD and non-NAFLD
patients.

Vs* LFI#

Explanatory variables b p value r p value b p value r p value

NAFLD

Fibrosis stage (0/1/2/3/4)¼ (6/12/6/6/3) 0.38 <0.05 0.34 <0.05 NE NE 0.29 0.1

Hepatitis grade (0/1/2/3)¼ (1/11/21/0) NE NE 0.05 0.78 NE NE 0.14 0.43

Steatosis grade‡ (0/1/2/3)¼ (1/14/15/3) NE NE 0.01 0.94 0.42 <0.05 0.38 <0.05

Ballooning grade (0/1/2)¼ (4/4/25) NE NE 0.31 0.08 NE NE 0.2 0.26

Non-NAFLD

Fibrosis stage (0/1/2/3/4)¼ (16/22/9/7/9) 0.46 <0.01 0.57 <0.01 0.31 <0.05 0.41 <0.01

Hepatitis grade (0/1/2/3)¼ (2/32/23/6) 0.36 <0.01 0.44 <0.01 0.23 0.06 0.28 <0.05

Steatosis grade‡ (0/1/2/3)¼ (51/9/2/1) NE NE 0.06 0.64 NE NE 0.17 0.19

Ballooning grade (0/1/2)¼ (57/6/0) NE NE 0.11 0.39 NE NE 0.18 0.16

*Vs was determined using pSWE.

# LFI was calculated using RTE.

‡, steatosis grade was significantly higher in NAFLD as compared with non-NAFLD patients.

Vs, shear wave velocity; LFI, liver fibrosis index; NAFLD, nonalcoholic fatty liver disease; r, coefficient of correlation in

univariate analysis; b, standard partial regression coefficient in multivariate analysis; pSWE, point shear wave elastography;

RTE, real-time strain elastography; NE, not examined.
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LFI that was calculated on the basis of
RTE was not a useful index for evaluating
liver fibrosis in their NAFLD patients.29

Combinational elastography is currently
considered to be applicable for evaluation
of chronic liver disease, although liver tis-
sues in a region that is different from the
region examined using elastography were
evaluated in previous studies.16,17 Thus,
the present prospective study was designed
to confirm the utility of combinational elas-
tography for staging liver fibrosis by evalu-
ating a liver biopsy sample obtained from
the same area examined by elastography.
The findings showed a positive correlation
between liver fibrosis stage and Vs
(p< 0.01) and LFI (p< 0.01) in all of the
enrolled patients, indicating the usefulness
of combination elastography for evaluating
liver fibrosis in those with liver injury,
which are consistent with the results of a
previous study.17 The present enrolled
cohort was divided into the NAFLD and
non-NAFLD patients, and a comparative
analysis between the groups was performed
to examine whether pSWE and RTE are
useful in assessing liver fibrosis. The results
indicated a significant correlation between
Vs and liver fibrosis stage in both groups,
while LFI was not correlated with the liver
fibrosis stage in the NAFLD patients.
These findings suggest that RTE may be
less useful than pSWE for evaluating the
liver fibrosis stage in NAFLD patients.

A previous study investigated the com-
bined use of strain and shear wave imaging
in 383 patients with liver disease, including
43 NAFLD patients, and reported that LFI
was correlated with liver fibrosis stage,
although the diagnostic ability of LFI was
reduced with stage progression.17 The
reason for such a decreased diagnostic abil-
ity with progressing fibrosis stage in
patients with liver disease was unclear. In
the present NAFLD patients, LFI did not
show a correlation with liver fibrosis stage,
while a multivariate analysis indicated that

steatosis grade was correlated with LFI
(Table 5). Because RTE visualizes the
strain induced by the internal heartbeat
and vibration of the inferior vena cava, as
shown in images of the liver, it is thought
that the presence of steatosis may reduce
liver deformation, which might explain
why RTE was less useful than pSWE in
the present patients with NAFLD.

This study has several limitations,
including the small number of patients
treated at a single facility. Furthermore, dis-
ease types assigned to liver injury patients
were heterogeneous, and a definitive diag-
nosis was not obtained in many of them.
Sub-analyses of the NAFLD patients indi-
cated that some of them were affected by
diseases for which the usefulness of elastog-
raphy has not been reported, suggesting
that a strict comparison with non-
NAFLD patients might not have been pos-
sible. To investigate individual related dis-
eases, the number of patients enrolled
should be increased in a future study.

In conclusion, to the best of our knowl-
edge, this is the first study to compare the
clinical usefulness of combinational elastog-
raphy as a non-invasive tool for assessing
liver fibrosis using biopsy specimens
obtained from the same area that was
examined by elastography in patients with
chronic liver disease. The results revealed
that combinational elastography had signif-
icant utility for examinations in the enrolled
cohort, although RTE was less useful than
pSWE for evaluating liver fibrosis in
patients with NAFLD. Additional research
is needed to refine the statistical methods
used for the assessments performed with
combinational elastography in patients
with liver injury, including NAFLD.
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