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Abstract

Purpose Transient elastography (TE) and the controlled attenuation parameter (CAP) have been used for diagnosis of liver
fibrosis and steatosis. Obesity is a limiting factor to the accuracy of elastography; however, an XL probe was validated for
use in obese patients. Two-dimensional shear wave elastography (2D-SWE) and attenuation imaging (ATI) have also been
developed. It is unknown if obesity affects 2D-SWE/ATI values for evaluation of liver fibrosis and steatosis. We assessed
the reliability of the measurement rate and the diagnostic performance of TE/CAP versus SWE/ATL

Methods The patients (n=285) underwent TE/CAP, 2D-SWE/ATI, and liver biopsy on the same day. They were diagnosed
with chronic hepatitis based on liver biopsy. The patients were divided into three groups by skin-liver capsule distance (SCD).
Results The reliability of the measurement rate for the M probe was lower than that for the XL probe in the group with
SCD over 22.5 mm. The rate achieved with 2D-SWE was high in all groups regardless of the SCD. In the assessment of
the diagnostic performance, there was no difference between the area under the receiver-operating curve (AUROC) of TE
compared to 2D-SWE to stratify the fibrosis stage.

There was no difference in the AUROC for the stratification of the steatosis grades between CAP and ATI. The diagnostic
accuracy of TE for F> 3 fibrosis evaluated with the M probe and 2D-SWE was lower than that of TE evaluated with the XL
probe in the group with SCD over 22.5 mm.

Conclusion The ability of 2D-SWE to stratify fibrosis stage and steatosis grade was as good as FibroScan. However, 2D-SWE
had a high reliability in the measurement rate regardless of the SCD with one probe. And the XL probe showed high diag-
nostic accuracy for severe fibrosis in the group with SCD over 22.5 mm.

Keywords Two-dimensional shear wave - FibroScan - Liver steatosis - Liver fibrosis

Abbreviations NAFLD  Non-alcoholic fatty liver disease

TE Transient elastography ALD Autoimmune liver disease

CAP Controlled attenuation parameter

2D-SWE Two-dimensional shear wave elastography

ATI Attenuation imaging Introduction

SCD Skin—capsule distance

AUROC  Area under the operating receiver curve Chronic hepatitis conditions, such as viral hepatitis, steato-
LSM Liver stiffness measurement hepatitis, and autoimmune liver disease, are risk factors for
IQR Interquartile range hepatocellular carcinoma, portal hypertension, and chronic
ROI Region of interest liver failure [1-3]. To prevent these complications, it is
NASH Non-alcoholic steatohepatitis important to assess liver fibrosis and steatosis accurately.

Liver biopsy is the standard method for staging liver fibrosis.
Although ultrasound-guided liver biopsy is generally safe,
some complications including hemorrhage, pneumothorax,
hemothorax, cholangitis, and bile leakage may occur with
Department of Gastroenterology and Metabolism, Applied repeated biopsies [4—6] and may be subject to sampling
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diagnostic methods [8—10]. Transient elastography (TE) and
the controlled attenuation parameter (CAP) have been used
for the diagnosis of liver fibrosis and steatosis, respectively.
However, the previous reports have indicated that obesity is
a limiting factor to the accuracy of elastography [11]. There-
fore, an XL probe was developed and validated for obese
patients [12]. In addition, two-dimensional shear wave elas-
tography (2D-SWE) and ultrasound-based attenuation imag-
ing (ATI) have been developed, but there are few reports
about the effects of obesity on the reliability of the meas-
urement and the diagnostic ability of 2D-SWE and ATI. We
assessed the association of SCD with the reliability of the
measurement rate and diagnostic ability of each modality.

Materials and methods
Patients

A total of 85 patients who underwent TE/CAP, 2D-SWE/
ATI, and liver biopsy on the same day at our hospital
between October 2019 and July 2021 and were diagnosed
with chronic hepatitis based on liver biopsy were enrolled
in this study.

Exclusion criteria

Patients with acute hepatitis, autoimmune hepatitis, primary
biliary cholangitis, and hepatic cancer, and patients who did
not undergo either FibroScan or 2D-SWE, were excluded.

Transient elastography and controlled attenuation
parameter

TE and CAP were performed using a FibroScan 502 Touch
system (Ecosens, France) with both a 3.5-MHz “M” probe
(Ecosens, France) and a 2.5-MHz “XL” probe (Ecosens,
France). Patients were in the supine position for scanning.
Scans were taken in the right lobe of the liver through the
intercostal spaces with both arms in maximum abduction.
Measurements were performed by four experienced examin-
ers. We used the median value for the analysis.

Two-dimensional shear wave elastography
and attenuation imaging

2D-SWE and ATI were performed using an Aplio 1800
(Canon Medical System, Japan). Patients were in the supine
position for scanning. Scans were taken in the right lobe
of the liver through the intercostal spaces with both arms
in maximum abduction. Measurements were performed by
four experienced examiners. A circular region of interest
(ROI) was placed within the acquisition box. During the ATI
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examination, a fan-shaped sampling box was placed. An ROI
(2 cm wide by 4 cm high) was placed around the center of
the sampling box. We used the median value for the analysis.

Skin and liver capsule distance (SCD)

SCD was defined as the distance between the skin and the
liver capsule, measured with the probe positioned in the
intercostal window.

Definition of measurement reliability

We defined the measurement reliability as follows (Table 1).
TE and CAP measurements were considered reliable when
they fulfilled all of the following criteria: 10 valid meas-
urements, > 60% success rate, and interquartile range/
median < 30%. For 2D-SWE and CAP, the manufacturer did
not recommend any quality criteria; therefore, we defined
the measurement reliability of 2D-SWE as follows: five
valid measurements, > 3 of the five measurements from the
homogenous color map, and an IQR/median <30%. The
measurement reliability of ATI was defined as follows: five
valid measurements, > 3 of the five measurements with an
R2 (coefficient of determination) of 0.90 or higher, and an
IQR/median <30%.

Liver biopsy and hepatopathologic evaluation

Liver biopsy was performed under real-time US guidance
with a 16- or 18-gauge automatic biopsy gun (BioPince;
Argon Medical Devices, Frisco, Texas, United States) or a
suction biopsy needle (SoloCut; Create Medic, Yokohama,
Japan).

We used the new Inuyama classification [13] for patho-
logical fibrosis staging. Liver fibrosis was staged as follows:
FO, no fibrosis; F1, mild fibrosis, fibrosis portal expansion;
F2, moderate fibrosis, bridging fibrosis; F3, severe fibrosis,
bridging fibrosis with distorted acinar architecture; and F4,

Table 1 Definition of measurement reliability

Method Valid measurement IQR/median  Other

TE/CAP
2D-SWE

<30% Success rate >60%

>3 of 5 meas-
urements from
homogenous
color map

ATI >3 of 5 measure-

ments with R2 of

0.90 or higher

10 times

5 times

TE transient elastography, CAP controlled attenuation parameter,
2D-SWE two-dimensional shear wave elastography, AT/ attenuation
imaging, IQR interquartile
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cirrhosis. We used the steatosis grade of the NAFLD activ-
ity score [14] for liver steatosis. Steatosis was graded as
follows: SO, 0—10% fat; S1, 11-30% fat; S2, 34—66% fat;
S3,>67% fat.

Statistical analysis

Univariate analysis was performed using the Mann—Whit-
ney U test. A receiver-operating characteristic (ROC) curve
was calculated to evaluate the diagnostic performance of the
methods to detect each grade of steatosis and stage of fibro-
sis. A p value <0.05 was considered statistically significant.
All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
a graphical user interface for R (The R Foundation for Sta-
tistical Computing, Vienna, Austria). This modified version
of R commander was designed to add statistical functions
frequently used in biostatistics.

Results

Study 1: the adequate measurement rate
of TE/2D-SWE and CAP/ATI

Patient background characteristics

The characteristics of the patients are summarized in
Table 2. The median age was 57 (range 22-81) years, and
49 (57.6%) patients were male. The median body mass index
(BMI) was 25.0 (range 14.9-40.2). The median SCD was
18.5 (range 6.7-30.8) mm.

Histopathologic evaluation

Forty-five (52.9%) patients had non-alcoholic steatosis hepa-
titis (NASH) or non-alcoholic fatty liver disease (NAFLD).
Thirty-five (41.2%) patients had non-specific chronic hepati-
tis diagnosed based on liver biopsy. The numbers of patients
by stage of fibrosis were as follows: FO, n=10; F1, n=42;
F2,n=21; F3, n=10; F4, n=2. The numbers of patients by
grade of hepatic steatosis were as follows: SO, n=33; S1,
n=36;S2,n=9;S3,n="17.

The effect of skin-liver capsule distance on measurement
reliability

A comparison of the reliability of the measurement
rate for SCD is shown in Fig. 1. We divided the patients
into three groups as follows: SCD < 17.4 mm, n=35;
17.5<SCD <22.4 mm, n=34; 22.5<SCD, n=16. Fig-
ure la and b indicates that the reliability of the measurement
rate with the M probe was low in the group with SCD over

Table 2 Patient characteristics

n=285
Age (range), y* 57 (22-81)
Gender, M/F, n 49/36
Pathologic diagnosis, HBV/HCV/NASH or 2/0/45/3/35

NAFLD/ASH/non-specific, n
Weight (range), kg* 68 (36.2-112.8)
164.8 (141-183)

25 (14.9-40.2)

Height (range), cm
BMI (range), kg/m*

AST (range), U/L 39 (16-144)
ALT (range), U/L 48 (13-242)
Serum albumin (range), g/dL 4.3 (3.0-5.2)
Serum total bilirubin (range), mg/dL 0.7 (0.4-2.8)

Prothrombin activity (range), % 103 (59-127)
20.4 (5.9-37.6)
18.5 (6.7-30.8)
10/42/21/10/2

33/36/9/7

Platelet count (range), 10%/uL
Skin-capsule distance (range), mm?
Fibrosis stage, FO/F1/F2/F3/F4, n
Steatosis grade, S0/S1/S2/S3, n

M male, F female, NASH non-alcoholic steatohepatitis, NAFLD non-
alcoholic fatty liver disease, ALD autoimmune liver disease, BMI
body mass index, AST aspartate aminotransferase, ALT alanine ami-
notransferase

*Median

22.5 mm (M-TE: 43.8%; M-CAP: 43.8%). The rate for the
XL probe was high in the group with SCD over 25.0 mm
(XL-TE: 81.8%, 93.8%, respectively; XL-CAP: 100%, 83.3%
respectively). The rate for 2D-SWE was high in all groups
regardless of the SCD (at least 87.5%).

Study 2: the diagnostic accuracy of TE/2D-SWE
and CAP/ATI

Patient background characteristics

Based on the results of study 1, we used the following probes
for TE/CAP; SCD <22.5 mm: M probe, SCD >22.5 mm:
XL probe. We analyzed 66 patients with a reliable measure-
ment on both TE and 2D-SWE (elastography group), and 62
patients who had a reliable measurement on both CAP and
ATI (steatography group), to assess the diagnostic accuracy
of TE/2D-SWE and CAP-ATI.

The patient demographics are indicated in Table 3. In the
elastography group, the median age was 56 (range 22-78)
years. Thirty-nine patients were male. Thirty-four patients
were diagnosed as either NASH or NAFLD and 27 as non-
specific chronic hepatitis. The number of patients with fibro-
sis stage 0/1/2/3/4 was 9/31/17/7/2, respectively.

In the steatography group, the median age was 58 (range
22-81) years. Thirty-eight patients were male. Thirty-eight
patients were diagnosed as either NASH or NAFLD and 24
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Table 3 DerrTograp.hics Variable Elastography Steatography
of patients with reliable
elastography and steatography n=66 n=62
measurements Age (range), y* 56 (22-78) 58 (22-81)
Gender, M/F, n 39/27 38/24
Pathologic diagnosis, HBV/HCV/NASHorNAFLD/ 2/0/34/3/27 2/0/38/2/20

ASH/non-specific, n
Weight (range), kg*
Height (range), cm
BMI (range), kg/m*
AST (range), U/L
ALT (range), U/L
Serum albumin (range), g/dL

Serum total bilirubin (range), mg/dL

Prothrombin activity (range), %
Platelet count (range), 10*/uL

Skin—capsule distance (range), mm?*

Fibrosis stage, FO/F1/F2/F3/F4, n
Steatosis grade, S0/S1/S2/S3, n

67.3 (36.2-105.4)
165.9 (141-183)

69.5 (36.2-112.8)
166 (141-183)

25.0 (14.9-36.7) 25.9 (14.9-40.2)
38.5 (16-144) 40 (16-99)

48 (13-242) 48 (13-189)

4.3 (3.0-5.2) 4.4(3.0-5.2)
0.7 (0.4-2.8) 0.7 (0.4-2.8)

103.5 (59-124)
20.9 (5.9-37.6)
18.6 (8.0-30.8)
9/131/17/712
277271715

104 (59-127)
20.1 (5.9-37.3)
18.8 (6.7-30.8)
8/28/17/1/1
17/317717

M male, F female, NASH non-alcoholic steatohepatitis, NAFLD non-alcoholic fatty liver disease, ALD
autoimmune liver disease, BMI body mass index, AST aspartate aminotransferase, ALT alanine aminotrans-

ferase
“Median

as non-specific chronic hepatitis. The number of patients
with steatosis grade 0/1/2/3 was 17/31/7/7, respectively.

The validity of the liver stiffness measurements obtained
with TE and 2D-SWE

We compared the elasticity on TE with 2D-SWE. For the
detection of fibrosis (FO or higher), no statistically significant
difference was seen between the area under the curve of the
ROC (AUROC) values with TE and 2D-SWE (0.723 and
0.652, respectively, p=0.417) (Fig. 2a). There was no sig-
nificant difference of the AUROC between TE and 2D-SWE
for stratifying fibrosis stages F1 and F2 or higher (0.869 and
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0.732, respectively, p=0.051) (Fig. 2b). For the detection
of severe fibrosis (F0/1/2 or higher), there was no signifi-
cant difference between TE and 2D-SWE (0.895 and 0.761,
respectively, p=0.260) (Fig. 2¢). The optimal cut-off values
for TE and 2D-SWE for F > 3 fibrosis were 8.8 kPa (AUROC
0.895, sensitivity 87.5%, and specificity 78.0%) and 1.59 m/s
(AUROC 0.761, sensitivity 87.5%, and specificity 78.0%),
respectively.
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(a) FOvs F>1

(b) F<1vs F>2

(c) F<2vs F>3
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Specificity Specificity Specificity
Fibrosis AUROC P-value
TE 2D-SWE
FO vsF>1 0.723 0.652 0.417
F<lvs F>2 0.869 0.732 0.051
F<2vs F>3 0.895 0.761 0.260
Fig. 2 Difference in AUROC to stratify fibrosis stage between TE and 2D-SWE

The validity of liver steatosis measurements obtained
with CAP and ATI

We compared CAP and ATI for evaluating steatosis. No
statistically significant difference was seen between the
AUROC values of CAP and ATI in the stratification of
steatosis grade: SO vs S>1; 0.936 and 0.844, respectively,
p=0.059: S<1 vs S>2; 0.817 and 0.835, respectively,
p=0.724: S<2 vs S3; 0.808 and 0.801, respectively,
p=0.904) (Fig. 3). The optimal cut-off values for CAP and
ATI for S > 1 steatosis were 253 dB/m (AUROC 0.936, sen-
sitivity 86.4%, and specificity 88.9%) and 0.76 dB/cm/MHz
(AUROC 0.844, sensitivity 70.5%, and specificity 83.3%),
respectively.

The effect of SCD on diagnostic performance of TE/2D-SWE
and CAP/ATI

A comparison of the rate of diagnostic accuracy between
measurement and pathological findings by SCD is shown
in Fig. 4. Based on the results of this study, we defined
the cut-off values for TE and 2D-SWE for F >3 fibrosis as
8.8 kPa and 1.59 m/s, respectively. The rate of accuracy
for 2D-SWE, XL-TE, and M-TE in the group with SCD
over 22.5 mm was 56.3%, 81.3%, and 31.3%, respectively
(Fig. 4a). The rate for 2D-SWE and M-TE was very low in
the group with SCD over 22.5 mm. And we defined the cut-
off values for CAP and ATI for S > 1 steatosis as 253 dB/m

and 076 dB/cm/MHz, respectively. The rate of accuracy for
ATI, XL-CAP, and M-CAP in the group with SCD over
22.5 mm was 87.5%, 75%, and 75%, respectively. The rate
for ATI was higher than that for the other modalities.

Discussion

With FibroScan, the cut-off value for both the M and XL
probes was SCD > 25 mm, as indicated in a previous report
[15] and in the manufacturer’s recommendation. However,
Kumagai et al. showed that inadequate liver stiffness meas-
urements (LSMs) with the M probe increased with longer
SCDs, with a significant difference between subgroups at an
SCD >22.5 mm [16]. This result is similar to that found in
our study: the reliability of the measurement rate for fibro-
sis obtained with the M probe was low in the group with
SCD>22.5 mm. It is reported that the measurement depth
of the M probe is 25—-64 mm in obese patients, and that the
presence of adipose tissue in the region of interest explored
by M probe leads to overestimation of liver stiffness [12].
Alternatively, we found that the reliability of the measure-
ment rate with 2D-SWE was high in all groups when divided
by SCD. We hypothesized that the reason for the high reli-
ability of the measurement rate was that 2D-SWE is inte-
grated in conventional ultrasound systems, which allows for
visual control of the measurement location, and we could
thus obtain a reliable measurement from the color mapping
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(a) S0 vs S>1

(b) S<1vs S>2

(c) S<2vs S3
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Fig. 3 Difference in AUROC to stratify steatosis grade between CAP and ATI
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area. However, a previous report [17] found that the odds of
a successful 2D-SWE examination decreased with higher
SCD. We thought that the reason for the different result was
that there were no patients with extremely high SCDs in our
study. The manufacturer has stated that the reliability is low
in patients with extremely high SCDs over 40 mm. In our
study, the highest SCD was 30.8 mm.

Some studies [18-20] have investigated the diagnos-
tic efficacy of TE and 2D-SWE for fibrosis compared to
pathological assessment and concluded that the diagnostic
accuracy of TE was as good as 2D-SWE. Similarly, in
our study of the accuracy of diagnosis of fibrosis using
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both TE and 2D-SWE, there was no difference in AUROC
between TE and 2D-SWE. We concluded that the diagnos-
tic ability of 2D-SWE was as good as that of TE. How-
ever, a comparison of SCD, M-TE, and 2D-SWE showed a
low rate of accuracy in the group with SCD over 22.5 mm
(Fig. 4). In the case of M-TE, the reason stemmed from
the measurement depth of the M probe, as mentioned
above. The reason that 2D-SWE showed low accuracy
was unclear. It might have been due to the cut-off value
for diagnosis of F >3 fibrosis. There are no reports of the
optimal cut-off value for 2D-SWE; therefore, the cut-off
value should be investigated in a future study.
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Alternatively, for steatosis, CAP and ATTI are useful for
diagnosis [21-25]. However, there are no reports of a direct
comparison in which biopsy was used as the reference stand-
ard for the diagnostic accuracy of CAP and ATT for steatosis.
In the present study, there was no difference in the AUROC
between CAP and ATI in terms of the diagnostic accuracy
for steatosis. Therefore, we concluded that the diagnostic
accuracy of ATI was as good as that of CAP. In a compari-
son by SCD, each modality showed at least 71.4% accuracy
for S >1 steatosis despite the SCD.

This study had some limitations. First, the number of
patients per group was small (in particular, the F3 and F4
groups). And the number of patients who had extremely high
SCDs was small. Therefore, the assessment of the diagnostic
efficacy of elastography may be insufficient. Second, this
study was retrospective in nature and from a single institu-
tion, and additional multicenter studies with larger sample
sizes are needed to validate the findings.

Conclusion

The diagnostic ability of FibroScan was as good as that of
2D-SWE for fibrosis and steatosis. However, for measure-
ment in patients with high SCDs, FiborScan (XL probe)
might be better for the diagnosis of fibrosis stage. How-
ever, 2D-SWE had the advantage of the reliability of its
acquisition rate being high regardless of the SCD with one
probe. Moreover, 2D-SWE had the advantage of allowing
both ultrasound examinations to be performed, as well as
fibrosis and steatosis measurements concurrently, as it is
integrated into a conventional ultrasound system. As such,
we concluded that 2D-SWE could be useful as a screening
test because of the convenience and high reliability of the
acquisition rate.

Declarations

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical approval All procedures were followed in accordance with the
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of
1964 and later versions.

References

1. Singal AG, El-Serag HB. Hepatocellular carcinoma from epide-
miology to prevention: translating knowledge into practice. Clin
Gastroenterol Hepatol. 2015;13:2140-51.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Jaime B, Annalisa B, Juan CG, et al. The management of portal
hypertension: barional basis, available treatments and future
options. J Hepatol. 2008;48:S68-92.

Schuppan D, Afdhal NH. Liver cirrhosis. Lancet.
2008;371:838-51.

Rockey DC. Noninvasive measures of liver fibrosis. Hepatology.
2006;43:s113-20.

Westheim BH, Agenas I, Ostensen AB, et al. Effect of operator
experience and frequency of procedure performance on compli-
cation rate after ultrasound-guided percutaneous liver biopsied.
J Pediatr Gastroenterol Nutr. 2013;57:638—43.

Yamada N, Sanada Y, Tashiro M, et al. Serum Mac-2 binding
protein glycosylation isomer predicts grade F4 liver fibrosis in
patients with biliary atresia. J gastroenterol. 2017;52:245-52.
Guido M, Rugge M. Liver biopsy sampling in chronic viral
hepatitis. Semin Liver Dis. 2004;24:87-97.

Yoneda M, Honda Y, Nogami A, et al. Advanced in ultrasound
elastography for nonalcoholic fatty liver disease. ] Med Ultra-
son. 2020;47:521-33.

Imajo K, Honda Y, Yoneda M, et al. Magnetic resonance imag-
ing for the assessment of pathological hepatic findings in non-
alcoholic fatty liver disease. J] Med Ultrason. 2020;47:535-48.
Tada T, Nishimura T, Yoshida M, et al. Nonalcoholic fatty liver
disease and nonalcoholic steatohepatitis: new trends and role of
ultrasonography. J Med Ultrason. 2020;47:511-20.

. de Lédinghen V, Vergniol J, Foucher J, et al. Feasibility of liver

transient elastography with FibroScan using a new probe for
obese patients. Liver Int. 2010;30:1043-8.

Myers RP, Pomier-Layrargues G, Kirsch R, et al. Feasibility
and diagnostic performance of the FibroScan XL probe for liver
stiffness measurement in overweight and obese patients. Hepa-
tology. 2012;55:199-208.

Ichida F, Tsuji T, Omata M, et al. New Inuyama classification;
new criteria for histological assessment of chronic hepatitis. Int
Hepatol Commun. 1996;6:112-9.

Kleiner DE, Brunt EM, Van Natta M, et al. Nonalcoholic Steato-
hepatitis Clinical Research Network. Design and validation of a
histological scoring system for nonalcoholic fatty liver disease.
Hepatology. 2005;41:1313-21.

Arieira C, Monteiro S, Xavier S, et al. Transient elastography:
should XL probe be used in all overweight patients? Scand J
gastroenterol. 2019;54:1022-6.

Kumagai E, Korenaga K, Korenaga M, et al. Appropriate
use of virtual touch quantification and FibroScan M and XL
probes according to the skin capsular distance. J gastroenterol.
2016;51:496-505.

Staugaard B, Christensen PB, Mossner B, et al. Feasibility of
transient elastography versus real-time two-dimensional shear
wave elastography in difficult-to-scan patients. Scand J Gastro-
enterol. 2016;51:1354-9.

Furlan A, Tublin ME, Yu L, et al. Comparison of 2D shear wave
elastography, transient elastography, and MR elastography for
the diagnosis of fibrosis in patients with nonalcoholic fatty liver
disease. AJR Am J Roentgenol. 2020;214:W20-6.

Leung YV, Shen J, Wong WV, et al. Quantitative elastography
of liver fibrosis and spleen stiffness in chronic hepatitis B car-
riers. Radiology. 2013;269:3.

Thiele M, Detlesen S, Moller LS, et al. Transient and 2-dimen-
sional shear-wave elastography provide comparable assess-
ment of alcoholic liver fibrosis and cirrhosis. Gastroenterology.
2016;150:123-33.

Lee DH, Cho EJ, Bae JS, et al. Accuracy of two-dimensional
shear wave elastography and attenuation imaging for evaluation
of patients with nonalcoholic steatohepatitis. Clin Gastroenterol
Hepatol. 2021;19:797-805.

@ Springer



450

Journal of Medical Ultrasonics (2022) 49:443-450

22. Eddowes PJ, Sasso M, Allison M, et al. Accuracy of fibroscan
controlled attenuation parameter and liver stiffness measurement
in assessing steatosis and fibrosis in patients with nonalcoholic
fatty liver disease. Gastroenterology. 2019;156:1717-30.

23. Hsu PK, Wu LS, Yen HH, et al. Attenuation imaging with ultra-
sound as a novel evaluation method for liver steatosis. j Clin Med.
2021;10:965.

24. Chimoriya R, Piya MK, Simmons D, et al. The use of two-
dimensional shear wave elastography in people with obesity for
the assessment of liver fibrosis in non-alcoholic fatty liver disease.
J Clin Med. 2020;10:95.

@ Springer

25. Ferraioli G, Maiocchi L, Savietto G, et al. Performance of the
attenuation imaging technology in the detection of liver steatosis.
J Ultrasound Med. 2021;40:1325-32.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	The effect of the skin–liver capsule distance on the accuracy of ultrasound diagnosis for liver steatosis and fibrosis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Exclusion criteria
	Transient elastography and controlled attenuation parameter
	Two-dimensional shear wave elastography and attenuation imaging
	Skin and liver capsule distance (SCD)
	Definition of measurement reliability
	Liver biopsy and hepatopathologic evaluation
	Statistical analysis

	Results
	Study 1: the adequate measurement rate of TE2D-SWE and CAPATI
	Patient background characteristics
	Histopathologic evaluation
	The effect of skin–liver capsule distance on measurement reliability

	Study 2: the diagnostic accuracy of TE2D-SWE and CAPATI
	Patient background characteristics
	The validity of the liver stiffness measurements obtained with TE and 2D-SWE
	The validity of liver steatosis measurements obtained with CAP and ATI
	The effect of SCD on diagnostic performance of TE2D-SWE and CAPATI


	Discussion
	Conclusion
	References




