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Background: Advanced fibrosis detection in the general population is an unmet need. Additionally,
screening method for advanced fibrosis in the general population is not established. Thus, this study
aimed to examine the use of shear wave measurement (SWM), which measures liver stiffness by ultrasound
elastography as a screening tool for advanced fibrosis in health checkups that represents the general
population.

Methods: SWM was performed in all subjects. Magnetic resonance elastography (MRE) was performed
in those with SWM shear wave velocity (Vs) >1.3 m/s to determinate advanced fibrosis. The diagnostic
accuracy of SWM Vs for advanced fibrosis (determined by MRE of >3.62 kPa) was examined. This
prospective study was registered with the University Hospital Medical Information Network clinical trial
registry (UMIN000041609).

Results: A total of 2,233 subjects were included. SWM Vs of 1.64 m/s was selected as the best threshold
for advanced fibrosis. Using the threshold of SWM Vs at >1.64 m/s, subjects were narrowed down to
1.7%, and sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV)
for advanced fibrosis were 53.3%, 92.4%, 47.1%, and 94.0%, respectively, among these subjects. The
multivariable analysis, after adjusting the age, sex, body mass index (BMI), hypertension, diabetes mellitus
(DM), dyslipidemia, and alcohol use, revealed an SWM Vs of >1.64 m/s as the significant factor for advanced
fibrosis with an odds ratio (95% confidence interval) of 14.5 (3.4-62; P<0.001).

Conclusions: SWM has high diagnostic accuracy for advanced fibrosis (PPV 47.1%) and may be used as a
screening tool for liver fibrosis in the general population.
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Introduction Methods
The chronic liver disease leads to hepatocellular carcinoma Study design

(HCC), which is one of the leading causes of cancer
death, and liver failure (1). Nonalcoholic fatty liver disease
(NAFLD) or metabolic associated fatty liver disease
(MAFLD) is one of the causes of chronic liver disease (2-4).
Patients with NAFLD or MAFLD have been increasing
worldwide, thus chronic liver disease has emerged as an
economic and health burden (5-8).

Liver fibrosis is the important predictive factor for HCC
and prognosis in patients with chronic liver disease (9-11).
Liver biopsy is the gold standard to assess liver fibrosis, but
it has several limitations including invasiveness, sampling
error, and inter- and intra-observer reproducibility (12).
Thus, several noninvasive methods to estimate liver features
including liver fibrosis have been developed and used
in clinical practice to resolve these limitations (13-20).
Transient elastography is the first approved ultrasound-
based elastography that measures liver stiffness to estimate
liver fibrosis (13). However, one limitation of transient
elastography is the absence of a B-mode ultrasound image,
whereas shear wave measurement (SWM) is integrated into
a conventional B-mode ultrasound with liver stiffness that
simultaneously measures a B-mode image using the same
machine (21).

Chronic liver disease is widely distributed in the general
population, and high-risk patients for HCC (advanced
fibrosis) should be detected among a large population.
SWM can simultaneously measure liver stiffness following
B-mode ultrasound, thus it may be useful for diagnosing
liver fibrosis in large populations such as health checkups.
SWM generally is used to diagnose liver fibrosis in patients
diagnosed with chronic liver disease; however, its usability
to detect advanced fibrosis in the general population is
unknown. In this prospective study, we measured the SWM
in health checkups that represented the general population
and examined its diagnostic accuracy for advanced fibrosis
to address this knowledge gap.
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This prospective study was registered with the University
Hospital Medical Information Network clinical trial registry
(UMINO000041609). A total of 2,685 health checkup
subjects presenting to Musashino Red Cross Hospital
between September 2020 to August 2021 were registered
in the study. Patients diagnosed with chronic liver disease
(chronic hepatitis C and B, and primary biliary cholangitis)
and subjects who did not agree to have SWM were
excluded, thus 2,233 subjects who agreed for SWM were
included in the study (Figure I). Liver stiffness of SWM
shear wave velocity (Vs) of 21.3 m/s was used as the optimal
threshold for any liver fibrosis [fibrosis stage of 0 vs. 1-4
(FO vs. F1-4)] (21), and magnetic resonance elastography
(MRE) was conducted in subjects with SWM Vs of
>1.3 m/s as a detailed examination. The diagnostic accuracy
for advanced fibrosis among the subjects with SWM Vs of
>1.3 m/s was investigated. Informed consent was obtained
using the opt-out method from each patient. This study was
approved by the Ethics Review Committee of Musashino
Red Cross Hospital (No. 1107). The study was conducted
in accordance with the Declaration of Helsinki (as revised in
2013). All authors had access to the study data and reviewed
and approved the final manuscript.

Clinical and laboratory evaluation

The patient’s age, sex, height, weight, abdominal
circumference, alcohol consumption, and current medication
were recorded. Blood count and biochemical tests were
simultaneously conducted with a physical examination. An
alcohol consumption of 215 drinks/week for males and
>10 drinks/week for females were defined as alcohol use (22).

Ultrasound diagnosis and SWM

Ultrasonography was simultaneously performed using
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SWM Vs >1.3 m/s (n=253)
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Liver stiffness measurement using MRE
(n=133)

Figure 1 The study flow chart. SWM, shear wave measurement; HCV, hepatitis C virus; HBV, hepatitis B virus; PBC, primary biliary

cholangitis; Vs, shear wave velocity; MRE, magnetic resonance elastography.

ARIETTA 850 (FUJIFILM Healthcare, Tokyo, Japan) with
a physical examination. Technicians were blinded to all
clinical and biochemical information. Any ultrasonographic
findings of parenchymal brightness, liver-to-kidney contrast,
deep beam attenuation, bright vessel walls, and gallbladder
wall definition were defined as indication of fatty liver (23).
SWM was measured following the conventional B-mode
ultrasonography. SWM Vs can be measured using B-mode
ultrasound with the region of interest’s exact location (yellow
box of Figure 24). SWM Vs was measured more than five
times and its median value (m/s) was calculated.

The previous study with SWM and liver biopsy
demonstrated that subjects with SWM velocity (Vs) of
<1.3 m/s had very low risk of any fibrosis (FO vs. F1-4) (21),
so we defined subjects with SWM Vs of 21.3 m/s as those
requiring detailed examination of liver fibrosis by MRE. The
cutoff values for F1, F2, F3 and F4 for SWM Vs are 1.30,
1.47, 1.81 and 2.0 respectively as previously reported (21,24).

MRE

MRE was performed using Signa HDxt 1.5T (GE Medical
Systems, Waukesha, WI, USA) and MR Touch (GE
Healthcare), as previously described (25). MRE value was
obtained by one image analyst who was blinded to all clinical
and biochemical information. Shear waves were generated
by external vibration at 60 Hz using a passive driver as a
vibration device. All processing steps were automatic, without
manual intervention, and yielded quantitative images of tissue
shear stiffness in kPa. In this study, the region of interest was
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placed as large as possible at the right hepatic lobe on each
slice of the stiffness map, carefully avoiding the liver surface,
liver edge, gallbladder, blood vessels, bile ducts, tumors and
artefacts. The mean stiffness value of three circular regions of
interest placed at different slices was used for analysis.

MRE has the highest diagnostic accuracy for liver fibrosis
than other noninvasive modalities (26) and is permitted
to use as inclusion criteria and endpoint in clinical trials
instead of liver biopsy (27,28), thus it was used as the gold
standard for liver fibrosis in this study. Subjects with a liver
stiffness of 23.62 kPa by MRE were defined with advanced
liver fibrosis based on previous studies. The cutoff values
for F1, F2, F3 and F4 for MRE are 2.61, 2.97, 3.62, and
4.69 kPa respectively as previously reported (21,24,29).

Statistical analysis

Subject characteristics were compared using the 7-test or
Fisher’s exact test. The best threshold of SWM Vs was
determined using the receiver operating characteristics curve
(ROC) analysis and the Youden index. Correlations between
two variables were tested using Pearson’s correlation analysis.
he logistic regression analysis was used for the multivariable
analysis. Age, gender, sex, body mass index (BMI), hypertension,
diabetes mellitus (DM), dyslipidemia, and alcohol use were
chosen as @ priori factors and used for multivariable analysis.
All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Shimotsuke, Japan), a
graphical user interface for R version 3.2.2 (The R Foundation
for Statistical Computing, Vienna, Austria).
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Figure 2 Representative images and the distribution of liver stiffness by SWM in all subjects and MRE. (A) Representative image of SWM

measurement. SWM Vs can be measured using B-mode ultrasound with the region of interest’s exact location (yellow box) (B) Representative

image of MRE measurement. (C) Distribution of SWM in all subjects. (D) Distribution of MRE. SWM, shear wave measurement; Vs, shear wave

velocity; IQR, interquartile range; VsN, Vs efficacy rate; E, shear modulus; AT'T; attenuation coefficient; MRE, magnetic resonance elastography.

Results
Subject characteristics

A total of 2,233 subjects who agreed to SWM were included
in the study. Subject characteristics are shown in Table 1.
The mean = standard deviation (SD) age and BMI were
56.5+12.1 years and 22.8+3.4 kg/m’, respectively. The mean
+ SD SWM was 1.1+0.2 m/s, and SWM Vs of 21.3 m/s
was observed in 253 subjects (11.3%). The comparison of
subjects with SWM Vs of 21.3 m/s and those with <1.3 m/s
revealed that the presence of fatty liver, hypertension, DM,
and dyslipidemia was significantly higher in subjects with
SWM Vs of 21.3 m/s.

Subjects with SWM Vs of 21.3 m/s were offered with
MRE. After excluding the subjects who refused for MRE
(n=118) and MRE measurement failure (n=2), 133 subjects
underwent MRE (Figure 1).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

The distribution of SWM Vs and in all subjects and liver
stiffness by MRE

Representative image of SWM measurement and MRE
were shown in Figure 24,2B. The distribution of SWM Vs
in all subjects is shown in Figure 2C. The mean + SD SWM
Vs was 1.1£0.2 m/s. With SWM Vs threshold of >1.3, >1.4,
>1.5, 21.6, 21.7, and 21.8 m/s, 253 (11.3%), 148 (6.6%),
85 (3.8%), 50 (2.2%), 13 (0.6%), and 7 (0.3%) felled into
the threshold. SWM-based fibrosis stage 0, 1, 2, 3, and
4 were 1,980 (88.7%), 151 (6.7%), 89 (4.0%), 9 (0.4%)
and 4 (0.2%), respectively. A total of 925 subjects (41.4%)
showed Fibrosis-4 (FIB-4) index 21.3, the threshold
recommended detailed examination of liver asymptomatic
fibrosis in Japan Society of Hepatology (JSH) guideline (22).

The distribution of liver stiffness by MRE in 133 subjects
is shown in Figure 2D. With liver stiffness threshold of

Quant Imaging Med Surg 2023;13(10):6493-6502 | https://dx.doi.org/10.21037/qims-23-511



Quantitative Imaging in Medicine and Surgery, Vol 13, No 10 October 2023 6497

Table 1 Subject characteristics

Subject with any fibrosis:

Subject with no fibrosis:

Characteristics All subjects (n=2,233) SWM Vs 1.3 m/s (1=253) SWM Vs <1.3 m/s (n=1,980) P value
Age (years) 56.5+£12.1 60.2+£12.5 56.1+11.9 <0.001
Male gender 1,234 (55.3) 176 (69.6) 1,058 (53.4) <0.001
BMI (kg/m?) 22.8+3.4 23.4+4.6 22.7+£3.2 0.001
Abdominal circumference (cm) 85.0+9.6 87.2+13 84.8+9.1 <0.001
AST (IU/L) 23.5+9.2 27.4+17 23.0+7.5 <0.001
ALT (IU/L) 23.6+17 30.2+29 22.8+14 <0.001
GGT (IU/L) 36.3+42 46.4+47 35.0+41 <0.001
Albumin (g/dL) 4.3+0.3 4.3+0.3 4.3+0.2 0.09
Platelet (10%L) 235+55 22357 236+55 <0.001
Total cholesterol (mg/dL) 209+34 204+34 209+34 0.04
Triglycerides (mg/dL) 105+85 119+101 103+82 0.006
SWM Vs (m/s) 1.1£0.2 1.5+0.2 1.1£0.1 <0.001
HbA1c (%) 5.7+0.5 5.9+0.7 5.7+0.5 <0.001
Fatty liver 871 (39.0) 176 (69.6) 1,058 (53.4) 0.009
Hypertension 520 (23.3) 85 (33.6) 435 (22.0) <0.001
Diabetes mellitus 193 (8.6) 36 (14.2) 157 (7.9) 0.002
Dyslipidemia 498 (22.3) 83 (32.8) 415 (21.0) <0.001
Alcohol use 108 (4.8) 14 (5.5) 94 (4.7) 0.536

Data are shown as mean + standard deviation and n (%). SWM, shear wave measurement; Vs, shear wave velocity; BMI, body mass
index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase.
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2.0, 23.0, 24.0, and 25.0 kPa, 107 (80.5%), 30 (22.6%), 10
(7.5%), and 5 (3.8%) felled into the threshold. MRE-based
fibrosis stage 0, 1, 2, 3, and 4 were 87 (65.4%), 14 (10.5%),
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17 (12.8%), 9 (6.8%) and 6 (4.5%), respectively.

In 133 subjects underwent MRE, Pearson’s correlation
analysis between SWM Vs and liver stiffness by MRE
revealed a significant correlation (r=0.28; P=0.001).

The diagnostic accuracy of SWM for advanced fibrosis

Among the subjects who measured MRE, 14 (10.5%) had
advanced fibrosis (MRE of >3.62 kPa). With SWM Vs
threshold of >1.4, >1.5, >1.6, >1.7, >1.8, and >1.9 m/s,
positive predictive values (PPVs) of SWM Vs for advanced
fibrosis were 17.7%, 23.7%, 33.3%, 40.0%, 50.0%, and
60.0%, respectively (Figure 3). Using the ROC analysis and
the Youden index, the best SWM threshold for advanced
fibrosis was 1.64 m/s. With SWM Vs threshold of >1.64 m/s,
subjects were narrowed down to 37 (1.7%), and sensitivity,
specificity, PPV, and negative predictive value (NPV) for
advanced fibrosis were 53.3%, 92.4%, 47.1%, and 94.0%,
respectively, among these subjects.
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Factors associated with advanced fibrosis

Factors associated with advanced fibrosis were examined in
subjects with MRE measurement. The univariable analysis
revealed that SWM Vs of >1.64 m/s was associated with
advanced fibrosis and the odds ratio (OR) [95% confidence
interval (CI)] was 13.8 (4.1-47) (P<0.001, Figure 4). The
multivariable analysis, after adjusting the age, sex, BMI,
hypertension, DM, dyslipidemia, and alcohol use, revealed that
SWM Vs of >1.64 m/s was the significant factor for advanced
fibrosis with an OR (95% CI) of 14.5 (3.4-62) (P<0.001).

Discussion
Main findings

This prospective study demonstrated that SWM was the
significant predictor of advanced fibrosis in health checkups.

The OR of SWM Vs of >1.64 m/s was 14.5 even after
excluding the low-risk subjects (SWM Vs of <1.3 m/s).

SWM is integrated into conventional B-mode ultrasound
and can be simultaneously measured with the B-mode
image, thus it may be used as a screening tool for liver
fibrosis in large populations.

Context with published literature

Liver biopsy has several limitations, including invasiveness,
sampling error, and observer reproducibility (12); therefore,
several noninvasive and objective modalities for liver fibrosis
have been developed. Serum fibrosis markers are easily
and widely available, thus, using them as the first screening

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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tool in the general population is recommended (22).
Meanwhile, ultrasound-based elastography has higher
diagnostic accuracy for liver fibrosis than serum markers
and is recommended as a detailed examination (22). In the
present study population, 925 subjects (41.4%) showed
FIB-4 index >1.3, while using the SWM Vs threshold of
>1.64 m/s, subjects were narrowed down to 1.7%. The PPV
of SWM for advanced fibrosis was 47.1%, suggesting that
SWM is more efficient in narrowing down high-risk cases
for primary screening. One limitation of ultrasound-based
elastography, such as transient elastography, is its blindness
to the exact localization of the region of interest and its
unsuitable application to large populations (26). Thus,
SWM has been developed and used in clinical practice to
mitigate the limitation. SWM can simultaneously measure
liver stiffness following B-mode ultrasound and has high
diagnostic accuracy for liver fibrosis, thus we hypothesized
its use as a screening tool for liver fibrosis in large
populations such as health checkups.

Several studies demonstrated high diagnostic accuracy of
ultrasound-based elastography for liver fibrosis; however,
these studies were conducted in patients diagnosed
with chronic liver disease (14,30). Additionally, patients
with chronic liver disease are distributed in the general
population and a method to detect advanced fibrosis in the
general population is an unmet need. Studies that measured
ultrasound-based elastography in the general population are
limited and the utility of ultrasound-based elastography as a
first screening tool for liver fibrosis is still unknown. Some
studies have investigated population-based screening trials
with transient elastography, but the limitation of these studies
includes the absence of detailed examination (liver biopsy or
MRE) and the unknown actual proportion of advanced fibrosis
(31,32). This study measured MRE as a detailed examination
in subjects with an SWM Vs of >1.3 m/s [the threshold
for any fibrosis (F1-4)]. Using the SWM Vs threshold of
>1.64 m/s, subjects were narrowed down to 1.7%, and PPV
for advanced fibrosis in these subjects was 47.1%. SWM
can be easily measured following the conventional B-mode
examination, thus it may be used as a screening tool for liver
fibrosis in large populations.

Strength and limitation

This prospective study performed SWM in over 2,000
subjects. Furthermore, MRE was performed in over 100
subjects as a detailed examination. This study was conducted
in a single center, and all protocols, including SWM and MRE
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measurements, underwent an aligned protocol. The SWM
Vs threshold of >1.3 m/s was used. SWM Vs of >1.3 m/s
is the threshold for any fibrosis (FO vs. F1-4) and MRE
was measured in these subjects. MRE was not measured
in subjects with an SWM Vs of <1.3 m/s, and liver fibrosis
of these subjects were not precisely evaluated. However, a
detailed examination is not recommended in subjects with
a low risk of advanced fibrosis by the American Association
for the Study of Liver Diseases because it is not cost-
effective (33). Therefore, we think that this study protocol
is reasonable. Furthermore, the study was conducted in a
single center in Japan. The prevalence of advanced fibrosis
differs among regions and ethnicity (2), thus a further
study including other centers and regions is needed.
Recently, other viscosity-related elastography parameters
were reported as tools for evaluation of liver fibrosis (34).
However, these parameters were lacked in this study.
Comparison to these parameters may be effective for liver
fibrosis screening and a future study is needed.

Future implications

This study demonstrated that SWM has a high diagnostic
accuracy for advanced fibrosis in the general population and
may be used as a screening tool for liver fibrosis.

Chronic liver diseases, such as NAFLD, have been
increasing worldwide and have emerged as a health
problem (2). Detecting subjects with advanced fibrosis
among the general population is an important issue, but the
effective protocol has not been established. The guidelines
recommended FIB-4 index as a first screening because of
its high NPV for advanced fibrosis and it is associated with
prognosis (22,33,35,36). However, FIB-4 value increases in
elderly subjects and narrowing-down of high-risk subjects
by FIB-4 is inadequate (37,38), especially in regions with
many elderly people. Undergoing MRE or biopsy in all
subjects is not practical and cost-effective, thus a two-step
screening is recommended (22,39,40). With the SWM Vs
threshold of >1.64 m/s, subjects were narrowed down to
1.7%. MRE application to these limited subjects is easy and
cost-effective, thus SWM may be used as a screening tool
for liver fibrosis in the general population.

Conclusions

In conclusion, SWM has a high diagnostic accuracy for
advanced fibrosis and may be used as a screening tool for
liver fibrosis in the general population.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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