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INTRODUCTION: To evaluate the diagnostic performance of ultrasound attenuation parameter (UAP) and liver stiffness

measurement (LSM) by FibroTouch for diagnosis of hepatic steatosis and fibrosis in patients with

nonalcoholic fatty liver disease (NAFLD).

METHODS: We recruited 237 patients undergoing FibroTouch and liver biopsy within 2 weeks. The pathological

findings of liver biopsy were scored byNonalcoholic Steatohepatitis Clinical ResearchNetwork, and the

diagnostic accuracy of UAP for steatosis and LSM for fibrosis was evaluated by area under the receiver

operating characteristic curve (AUROC). The impacts of histological parameters on UAP and LSMwere

analyzed, and diagnostic performance of FibroTouch UAP and LSM was compared with other

noninvasive biomarkers.

RESULTS: The success rate of FibroTouch examinationwas 96.51%. The AUROC ofUAP for diagnosis of steatosis

‡S1, ‡S2, and S3 was 0.88, 0.93, and 0.88, and the cutoff values were 244, 269, and 296 dB/m,

respectively. The AUROC of LSM for the diagnosis of fibrosis stages ‡F2, ‡F3, and F4 was 0.71, 0.71,

and 0.77, and the cutoff values were 9.4, 9.4, and 11 kPa, respectively. Multiple regression analysis

showed that LSM was positively correlated with degree of fibrosis and NAFLD activity score. UAP was

positively correlated with liver steatosis. The diagnostic performance of UAP for steatosis was

significantly superior to that of the hepatic steatosis index.

DISCUSSION: FibroTouch has a low failure rate with moderate to high diagnostic performance for discriminating the

steatosis degree and fibrosis stage and is suitable for clinical evaluation andmonitoring of patients with

NAFLD.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A526, http://links.lww.com/CTG/A527, http://links.lww.com/CTG/A528, http://

links.lww.com/CTG/A529, http://links.lww.com/CTG/A530, http://links.lww.com/CTG/A531, http://links.lww.com/CTG/A532, http://links.lww.com/CTG/A533.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is one of the most
important causes of chronic liver diseases (CLDs) and should be
the leading cause of end-stage liver disease in the coming decades
(1). The global prevalence of NAFLD is 25.24%, with the highest
prevalence in the Middle East (31.79%) and South America
(30.45%), followed by Asia (27.37%), North America (24.13%),
and Europe (23.71%), whereas NAFLD is less common in Africa
(13.48%) (2). With change of lifestyle, the increase of NAFLD in
China has become a major public health concern, and the prev-
alence of NAFLD in Shanghai has been as high as 38.17% (3). It is
predicted that by 2030, the number of NAFLD cases will be
around 314.58 million, suggesting the tremendous impacts of
NAFLD in the later decades (4).

NAFLDmight progress to liver cirrhosis and even hepatocellular
carcinoma. Itwas found that inChina, 58.9%ofpatientswithNAFLD
had nonalcoholic steatohepatitis (NASH) morphology; significant
fibrosis and advanced fibrosis account for 40% and 13.7%, re-
spectively (5). NAFLD is also closely associated with increased risk of
extrahepatic diseases, such as diabetes mellitus, cardiovascular dis-
ease, and metabolic syndrome, and is also positively correlated with
incidence of extrahepatic tumors (6). Therefore, detection of liver
steatosis and fibrosis in NAFLD is clinically significant. Transient
elastography FibroTouch (FT; FibroTouch-FT5000, iLivTouch se-
ries, Wuxi Hisky Medical Technologies, China) measures the degree
of hepatic fibrosis by detecting the liver stiffnessmeasurement (LSM)
based on the vibration-controlled instantaneous elastography. Liver
steatosis is quantitatively assessed by measuring the extent of atten-
uation of ultrasound signal occurs in liver, referred as the ultrasound
attenuation parameter (UAP). Transient elastography could be a
promising technique for the clinical diagnosis and evaluation of he-
patic steatosis and fibrosis (7). However, there is still a lack of large-
scale clinical research for NAFLD with FT, comparing with liver
biopsy as gold standard. Therefore, a large collaborative prospective
study including 9 medical centers was performed for assessing the
accuracy of UAP and LSM by FT in patients with NAFLD. It might
provide a basis for the noninvasive clinical diagnosis of hepatic
steatosis and fibrosis by FT in patients with NAFLD.

MATERIALS AND METHODS

Study design and participants

This was amulticenter study to assess the diagnostic performance
of UAP for hepatic steatosis and LSM for liver fibrosis by using
FT. By comparing the results of FT with that of liver biopsy, the
specificities, sensitivities, and accuracies for diagnosis of liver
steatosis and fibrosis would be defined. Themethods used and the
ranges of results followed the Standards for Reporting Diagnostic
Accuracy Studies guidelines (8). Consecutive patients in 9 med-
ical centers in China from April 1, 2014, to September 30, 2018,
were recruited.

The study (Clinical Trials No: NCT02456766) was approved
by Shanghai General Hospital, Shanghai Jiao Tong University
School of Medicine, and was conducted in accordance with the
declaration of Helsinki, and all the participating subjects had
provided their written informed consent.

Study population

Patients with clinically suspicion to have NAFLD and who re-
quired liver biopsymeeting the following inclusion and exclusion
criteria were enrolled.

Inclusion criteria included (i) subject age 18–65 years, sex not
limited, (ii) accepting liver biopsy within 2 weeks of FT exami-
nation, (iii) willing and able to abide all the principles and com-
plete all the study procedures, and (iv) willing to provide written
informed consent either by patient or patient’s legal guardian.

Exclusion criteria included (i) subject with active or suspected
cancer or history of malignant tumor within 5 years, (ii) with a
history of significant alcohol consumption or drug abuse, (iii)
hepatitis C infection, (iv) pregnant or nursing woman, (v) with
history of organ transplantation or functional grafts, (vi) with
nonhealing wound on the right upper abdomen at this moment,
(vii) unsuitable to participate in the study as having other serious
disease or a history of other serious illness, and (viii) participating
in other clinical trial at the same time. Note that the definition of
significant alcohol consumption was 40 g/d for male and 20 g/
d for female. Alcohol intake (g)5 the volume of drinking (mL)3
alcohol percentage (%, vol/vol)3 0.8 (g/mL).

Patient characteristics

The following demographic data were recorded: age, sex, height,
weight, and body mass index (BMI). An overnight fasting blood
sample was collected on the day of the FT procedure for the
assessment of following laboratory parameters: alanine trans-
aminase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase, total bilirubin (TBIL), direct bilirubin, total protein,
albumin, gamma-glutamyl transferase, total cholesterol, tri-
glyceride, high-density lipoprotein, low-density lipoprotein,
glycated hemoglobin A1c, fasting plasma glucose, alpha-
fetoprotein, hemoglobin, white blood cells, and platelets.

Histopathologic evaluation

In this study, liver histology served as the gold standard for
evaluating the diagnostic accuracy of FT. All the patients received
liver biopsy within 2 weeks after FT examination. A quick-cut
(purchased from Japan) or Menghini needle (16G) was used in
this procedure, and tissue sample was obtained. The biopsy
specimen was fixed with 10% formalin, routinely embedded in
paraffin, and tissue sectionswere processedwith hematoxylin and
eosin, and Masson trichrome staining. A minimum length of 1.0
cm of the liver tissue with at least 6 portal tracts was required for
the diagnosis. All the sections were blindly and independently
assessed by 3 pathologists. When the 3 pathologists did not agree
with each other, the specimen was re-examined to analyze the
discrepancies for reaching a consensus. Pathological examination
was performed by Xiqi Hu, Hongguang Zhu, and Xiuping Liu
fromDepartment of pathology, ShanghaiMedical College, Fudan
University, Shanghai, China.

Steatosis, hepatocyte ballooning, lobular inflammation, and
fibrosis were scored using the NASH Clinical Research Network
scoring system (9). Fibrosis of other liver diseases was staged
according to the Scheuer system (10).

FibroTouch UAP and LSM

FT measurements were performed by experienced and certifi-
cated physicians (who had performed more than 500 examina-
tions) without knowledge of the results of hepatic histology. FT
integrates a 2-dimensional image-guided system for precise po-
sitioning and measures the speed of the shear wave propagation.
Velocity indicates the stiffness depending on the quantity of fi-
brotic tissues. Therefore, liver stiffness can be measured with
specific scientific algorithms, and LSM could reflect the stage of
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liver fibrosis. Meanwhile, FT tracks the energy attenuation of
ultrasound signal during the propagation process and obtain the
quantitative result of UAP quickly, which indirectly assesses the
degree of liver steatosis. According to manufacturer instructions,
the patient was at supine positionwith the right hand behind head
to expand the intercostal space. An image-guided probe was se-
lected to detect the region through the seventh–ninth intercostal
space avoiding the cysts and blood vessels in the liver. The probe
was kept in a vertical position to the skin surface with pressure
maintained the appropriate range. The detection started whenM
waveform intensity distributed uniform and A waveform was
linear. The median value of the 10 acceptable LSMs (kPa) and
UAPs (dB/m) with interquartile range was expressed as the
representative measurement of FT. In this study, LSM and UAP
were considered as reliable only if 10 successful measurements
were obtained, and with an interquartile range/median of LSM
and UAP of #30% and a success rate of $60% (11).

Sample size estimation

It was hypothesized that the estimated area under the receiver
operating characteristic curve (AUROC) of diagnostic perfor-
mance for FT to detect steatosis (S. S0) is not less than 0.80 (12),
and a 95% confidence interval (CI) for P value to be nowider than
0.07, so the required sample size was 223. We anticipated 240
patients would enroll this study with an expected 7% drop-out
rate.

Statistical analysis of the data was performed with SAS9.4
software (SAS Institute, Cary, NC) and stata12.0 (StataCorp LLC,
College Station, TX). The data measured were described as mean
6 SD for normal distribution and as median (lower quartile–
upper quartile) if not normally distributed. Categorical variables

were described using frequency (percentage). Differences be-
tween steatosis grades were compared using 1-way analysis of
variance (ANOVA), and the Student–Newman–Keuls (SNK) test
was used for the multiple comparisons between different grades.
Differences between fibrosis stages were compared using the
Kruskal–Wallis test; the aligned rank transform technique was
used to perform multiple comparisons of SNK. P , 0.05 was
considered as statistically significant. The diagnostic efficacy of
UAP and LSMwas evaluated usingAUROC. The cutoff values for
UAP and LSM were selected to maximize Youden index, sensi-
tivity (Se) 90%, and specificity (Sp) 90% (13). For each cutoff
value, Se, Sp, positive predictive value (PPV), negative predictive
value (NPV), positive likelihood ratio, negative likelihood ratio
and corresponding 95% CI were calculated. PPV and NPV were
also detected for different prevalence rates. Independent variable
candidates and steatosis, balloon degeneration, intralobular in-
flammation and portal inflammation, and hepatic fibrosis were
regressed against the dependent variable UAP and LSM, re-
spectively, using stepwise regression with an entry and exit sig-
nificance level of 0.05 to find the best histological parameters and
assess their effects on UAP and LSM.

RESULTS

General information and histopathologic evaluation

Among 270 potential eligible participants, 258 were enrolled in
FT examination. The success rate of FT was 96.51% (249/258); 9
patients had ineligible FT results. Twelve patients were excluded
for unqualified biopsy sample, therefore, a total of 237 patients
werefinally evaluated for analyzing the accuracy ofUAP andLSM
in detecting liver steatosis and fibrosis, respectively (Figure 1).
Among 237 patients, 140 had steatosis from S1 to S3. The mean

Figure1.Flow chart of study design andpatient enrollment. Of 270patients enrolled, 12were eligible, 258had the FibroTouch examination performed, and
249 had a valid FibroTouch examination. Twelve cases had unqualified biopsy samples. Eventually, 237 patients had a valid UAP and LSMwith liver biopsy.
IQR, interquartile range; LSM, liver stiffness measurement; UAP, ultrasound attenuation parameter.
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age was 42 years. The mean BMI was 25.65 kg/m2, ranging from
15.6 to 44.73 kg/m2 (Table 1). Besides, 14 patients have the history
of type 2 diabetes.

All the 237 patients received liver biopsy and had valid UAP.
The prevalence and grades of lobular inflammation, fibrosis,
steatosis, ballooning, portal inflammation, and NAS score are
shown in Table 1. For hepatic steatosis, 97 (40.93%) were S0, 56
(23.63%) were S1, 56 (23.63%) were S2, and 28 (11.81%) were S3.
There were no serious complications in all the patients after liver
biopsy. Statistical analysis was conducted to evaluate the accuracy
of LSM for hepatic fibrosis based on liver biopsy.

Assessment of steatosis using UAP

Themean6 SD of UAP in 4 groups (S0–S3) was 214.636 28.12,
244.84 6 34.70, 295.96 6 33.89, and 312.89 6 32.54 dB/m, re-
spectively. Statistically, 1-way ANOVA showed that significant
differences in UAP among these 4 groups. Post hoc analysis with
the SNK test showed that each pair comparison also reached
significant difference.

AUROC as well as the diagnostic performance of UAP with
cutoff value optimized using the Youden index with a 0.90 Se and
a 0.90 Sp for $S1,$S2, and S3 was shown in Table 2. Accuracy
was the highest at the $S2 threshold, with an AUROC of 0.93
(95%CI 0.89–0.97), and Se of 0.87, Sp of 0.90 at a threshold of 269
dB/m selected by maximizing the Youden index. Accuracy
dropped at $S1 threshold with AUROC of 0.88 (95% CI
0.84–0.92) and the corresponding Se of 0.79 and Sp of 0.86 at the
threshold of 244 dB/m selected bymaximizing the Youden index.
At S3 threshold, the AUROC was 0.88 (95% CI 0.81–0.94), with
the corresponding Se of 0.89, and Sp of 0.83 at the threshold of 296
dB/m selected bymaximizing the Youden index. TheAUROC for
each grade of hepatic steatosis and the UAP box plots for each
grade of hepatic steatosis were shown in Figure 2.

For determining influence of serum ALT, TBIL, and BMI on
UAP diagnostic performance, patients were stratified by ALT
values (#1xULN, .1xULN), TBIL (#1xULN, .1xULN), and
BMI (BMI ,25, 25 # BMI , 30 and $30 kg/m2). However,
results showed that the stratification did not influence UAP

Table 1. Patients’ characteristics: demographic data and

laboratory findings (n 5 237)

Characteristics Distribution

Age (yr) 41.71 6 12.49

Female 90 (37.97)

Height (cm) 166.376 7.91

Weight (kg) 71.30 6 14.27

BMI (kg/m2) 25.65 6 4.27

AST (U/L) 40 [26.40–62.45]

ALT (U/L) 55 [29.5–97.0]

TBIL (mmol/L) 15 [11.0–21.4]

DBIL (mmol/L) 4.3 [3.1–6.7]

ALP (U/L) 89 [72–119]

GGT (U/L) 53 [31–102]

TPr (g/L) 71.05 6 6.70

ALB (g/L) 42.66 6 5.16

TC (mmol/L) 4.94 6 2.25

TG (mmol/L) 1.85 6 1.22

HbA1c (%) 5.75 6 1.08

HDL (mmol/L) 1.21 6 0.40

LDL (mmol/L) 2.85 6 0.83

FPG (mmol/L) 5.19 6 1.15

AFP (mg/L) 3.22 [2.01–6.67]

HB (g/L) 141.93 6 20.23

WBC (3109/L) 6.11 6 1.74

PLT (3109/L) 195.78 6 61.44

UAP (dB/m) 252.59 6 49.75

LSM (kPa) 8.4 [6.1–13.6]

Fibrosis stage

F0 19 (13.57)

F1 36 (25.71)

F2 35 (25.00)

F3 45 (32.14)

F4 5 (3.57)

Steatosis grade

S0 97 (40.93)

S1 56 (23.63)

S2 56 (23.63)

S3 28 (11.81)

Ballooning grade

B0 32 (13.5)

B1 75 (31.65)

B2 130 (54.85)

Lobular inflammation grade

I0 27 (11.39)

I1 84 (35.44)

Table 1. (continued)

Characteristics Distribution

I2 45 (18.99)

I3 81 (34.18)

Portal inflammation 85 (35.86)

Pathological diagnosis

No steatosis group 97 (S5 0)

NAFLD group 140 (S $ 1)

Distribution is expressed as mean 6 SD or median [lower quartile–upper
quartile] or figure (percentage).
AFP, alpha-fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine
transaminase AST, aspartate aminotransferase; BMI, body mass index; DBIL,
direct bilirubin; FPG, fasting plasma glucose; GGT, gamma-glutamyl
transferase; HB, hemoglobin; HbA1c, glycated hemoglobin A1c; HDL, high-
density lipoprotein; LDL, low-density lipoprotein; LSM, liver stiffness
measurement; NAFLD, nonalcoholic fatty liver disease; PLT, platelets; TBIL,
total bilirubin; TC, cholesterol; TG, triglyceride; TPr, total protein; UAP,
ultrasound attenuation parameter; WBC, white blood cell.
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AUROC (see Supplementary Table 1, Supplementary Digital
Content 1, http://links.lww.com/CTG/A526).

In the diagnosis of liver steatosis, UAP was significantly superior
to that of the hepatic steatosis index (HSI) (14) (S$ S1 [P5 0.0001],
S$ S2 [P5 0.0000]). Although the difference was not significant in
S3 (P 5 0.0532), the AUROC was numerically higher than that of
HSI (see Supplementary Table 2, Supplementary Digital Content 2,
http://links.lww.com/CTG/A527). The AUROC plots for compari-
son between the 2 groups are presented in Figure 3.

Among 140 patients with NAFLD, 83 cases were diagnosed as
liver steatosis by ultrasound with an accuracy rate of only 59.3%.
Using UAP 214 dB/m as cutoff, 127 cases can be diagnosed by FT
and sensitivity could reach 90.7%. Using 244 dB/m as cutoff, 111
cases could be diagnosed, and the sensitivity was 79.3%. Choosing
254dB/mas cutoff to excludeNAFLD, 87 cases could be excludedby
FT, with a specificity of 89.7%.

Assessment of fibrosis using LSM

Among 237 cases, 52 cases of chronic hepatitis B virus (HBV)
infection and 45 cases of other causes (etiology non-NAFLDnon-
HBV) were excluded for assessment of fibrosis. Fibrosis stage of
140 cases with NAFLDwere F0: 19 (13.57%), F1: 36 (25.71%), F2:
35 (25.00%), F3: 45 (32.14%), and F4: 5 (3.57%), respectively. SNK
comparison showed that differences between F1 and F3, F1, and
F4 were statistically significant.

The AUROC of LSM for the diagnosis of fibrosis stages$F2,
$F3, and F4 was 0.71, 0.71, and 0.77 in the NAFLD group, 0.88,
0.89, and 0.89 in theHBV infection group, and 0.74, 0.70, and 0.60
in other groups (etiology non-NAFLD non-HBV). AUROC as
well as diagnostic performance of LSM with cutoff values opti-
mized using the Youden index, andwith an Se of 0.90 and an Sp of
0.90 for $F2, $F3, and F4, was shown in Table 3.

Accuracy was highest at the F4 threshold, with an AUROC of
0.77 (95%CI0.58–0.97), andSeof 0.80, Spof 0.71 at a thresholdof 11
kPa selected bymaximizing the Youden index. Accuracy dropped at
$F3 threshold with an AUROC of 0.71 (95% CI 0.62–0.80) and
corresponding Se of 0.68 and Sp of 0.72 at a threshold of 9.4 kPa
selected by maximizing the Youden index. At $F2 threshold, the
AUROCwas of 0.71 (95% CI 0.63–0.80), with the corresponding Se
of 0.58 and Sp of 0.82 at the threshold of 9.4 kPa selected by maxi-
mizing the Youden index. AUROC for$F2,$F3, and F4 and box
plots of LSM for each stage of hepatic fibrosis are shown in Figure 4.

For determining the influence of ALT and TBIL on LSM di-
agnostic performance, patients were stratified by ALT values
(#1x ULN, .1xULN) and TBIL (#1x # ULN, .1xULN);
however, results showed that stratification did not influence
AUROC of LSM (see Supplementary Table 3, Supplementary
Digital Content 3, http://links.lww.com/CTG/A528).

Performance of LSM was compared with other fibrosis bio-
markers, including fibrosis-4 (FIB-4) (15), Hui (16), S index (17),
Forns (18),AST toplatelet ratio index (19), andNAFLDfibrosis score
(20). Diagnostic performances in term of AUROC for each fibrosis
stage ($F2,$F3, and F4)were shown in SupplementaryTable 4 (see
Supplementary Digital Content 4, http://links.lww.com/CTG/A529).
AlthoughAUROC in each stage of LSMwas numerically higher than
that of the fibrosis biomarkers, this was not statistically significant.

Impact of prevalence of steatosis and fibrosis on predictive value

of LSM and UAP

The impact of prevalence of steatosis and fibrosis on PPV and
NPV values was determined by using a range of different pretest

probability values (prevalence). Steatosis prevalence figures used
the represented values from this cohort (59%, 35%, and 12% for
$S1,$S2, and S3, respectively) and values seen in patient cohorts
with type 2 diabetes mellitus and the general population (21,22).
For diagnosis of $S1, $S2, and S3 in general population, there
was a marked reduction in PPV because the prevalence of stea-
tosis was lower. On the contrary, there was an increase in PPV in
patients with diabetes because the prevalence of steatosis was high
(see Supplementary Table 5, Supplementary Digital Content 5,
http://links.lww.com/CTG/A530). It showed impact of preva-
lence of$S1,$S2, and S3 on PPV and NPV of UAP, and for the
cutoff for Se5 0.90, cutoff for the Youden index, and cutoff for Sp
5 0.90. The fibrosis prevalence figures used the represent values
from this cohort (61%, 36%, and 4% for $F2, $F3, and F4,
respectively) and values seen in cohorts of patients with type 2
diabetes mellitus, patients at risk of liver disease and the general
population (21,23–25). For diagnosis of$F2,$F3, and F4 in the
general population, there was amarked reduction in PPV because
the prevalence of fibrosis in general population was low (see
Supplementary Table 6, Supplementary Digital Content 6, http://
links.lww.com/CTG/A531).

Influence of histological parameters on UAP and LSM

The relationship between liver histological parameters and liver
steatosis/fibrosis in patients with NAFLD was assessed by ana-
lyzing the influence of histological parameters on UAP and LSM,
including steatosis, balloon degeneration, lobular inflammation,
and portal inflammation. Univariate analysis was performed by
1-way ANOVA. Multiple stepwise regression was used for
selecting influencing factors to construct the model in which
interface hepatitis and liver fibrosis were the candidate in-
dependent variables, and LSM andUAPwere the result variables.
Results of multiple stepwise regression showed that there was a
positive correlation between fibrosis stage, NAS score, and LSM.
UAP was associated with hepatic steatosis, and grade (S0–S3) of
hepatic steatosis was positively correlated with UAP.

DISCUSSION
NAFLD is now the leading cause of CLD and is a major hazard to
people’s health (26). Hepatic steatosis and its extent are closely
related to inflammatory damage and fibrosis and predict the risk
of metabolic disease and type 2 diabetes mellitus (26). FibroScan
(FS) and FT as noninvasive diagnostic techniques are used to
assess the fibrosis and steatosis. In our study, FT was found to
have high diagnostic performance, and the proportion of gray
zone by using the dual cutoffs (cutoff for Se$0.90 and cutoff for
Sp ,0.90 determined in the present cohort) were 28%, 6%, and
8% for the diagnosis of steatosis $S1, $S2, and S3, respectively
(see Supplementary Table 7, Supplementary Digital Content 7,
http://links.lww.com/CTG/A532), suggesting FT could accu-
rately distinguish fatty liver, especially moderate and severe fatty
liver. Recently, Zhu et al. (27) reported the AUROCs of UAP by
FT were 0.70–0.80 for assessing hepatic steatosis severity. The
different thresholds may be attributed to study design, in-
terobserver variability, and source of patients. As a single-center
study, all patients in Zhu’s study are from the same hospital, and
all the diagnoses of liver biopsy samples are from only 1 liver
pathologist, which may lead to a higher risk of bias. Moreover, all
enrolled patients were suspected to have fatty liver disease, and
less than 10% cases of S0 were found in Zhu’s study; therefore,
sampling errors may exist because of heterogeneous fatty liver.
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Our previous study shown that the liver-controlled attenuation
parameter (CAP) value and UAP value in 1,621 subjects by the
same examiner are consistent (r 5 0.62, P , 0.01), and these 2
values are closely related and can be exchanged by formula: CAP
value (FT) 5 134.71 1 0.456 3 CAP (FS) (28). A large sample
study focusing on the performance of FS for patients with CLD
from multiple centers worldwide (including China) showed that
the cutoff values of CAP for diagnosis of$S1,$S2, and5S3were
248, 268, and 280 dB/m (29). Many studies used CAP for de-
tection of moderate-severe hepatic steatosis in patients with CLD
(i.e., significant steatosis in Zhu’s work), and the documented

optimal cutoff values range from 255 to 299 dB/m (30), which are
lower than the cutoff values from Zhu’s data. Our study is a
prospective randomized clinical study from 9 hospitals in dif-
ferent regions of China, and all the eligible pathological sections
were blindly and independently assessed by 3 pathologists. The
indications of liver biopsy in our study included not only sus-
pected fatty liver but also other CLD. The ratio of$S1 to5S0 is
140:97 in our study, which is close to the real-world population
distribution in clinical practice. Therefore, the optimal cutoff
values for different degrees of steatosis in our study are more
accurate and reliable.

Table 2. Diagnostic performance of UAP for hepatic steatosis S ‡ S1, S ‡ S2, and S5 S3

S ‡ S1 (‡5%) S ‡ S2 (‡34%) S5 S3 (‡67%)

AUROC (95% CI) 0.88 (0.84–0.92) 0.93 (0.89–0.97) 0.88 (0.81–0.94)

Prevalence (N) 0.59 (140/237) 0.35 (84/237) 0.12 (28/237)

Youden index

Cutoff (dB/m) 244 269 296

Se (95% CI) 0.79 (0.73–0.86) 0.87 (0.80–0.94) 0.89 (0.78–1.00)

TP/(TP 1 FN) 111/(111 1 29) 73/(73 1 11) 25/(25 1 3)

Sp (95% CI) 0.86 (0.79–0.93) 0.90 (0.85–0.94) 0.83 (0.78–0.88)

TN/(TN 1 FP) 83/(83 1 14) 137/(137 1 16) 173/(173 1 36)

PPV (95% CI) 0.89 (0.83–0.94) 0.82 (0.74–0.90) 0.41 (0.29–0.53)

NPV (95% CI) 0.74 (0.66–0.82) 0.93 (0.88–0.97) 0.98 (0.96–1.00)

LR1 (95% CI) 5.49 (3.36–8.98) 8.31 (5.19–13.31) 5.18 (3.75–7.17)

LR2 (95% CI) 0.24 (0.17–0.34) 0.15 (0.08–0.25) 0.13 (0.04–0.38)

Se 5 0.90

Cutoff (dB/m) 214 260 296

Se (95% CI) 0.91 (0.86–0.96) 0.90 (0.84–0.97) 0.89 (0.78–1.00)

TP/(TP 1 FN) 127/(127 1 13) 76/(76 1 8) 25/(25 1 3)

Sp (95% CI) 0.54 (0.44–0.64) 0.86 (0.80–0.91) 0.83 (0.78–0.88)

TN/(TN 1 FP) 52/(52 1 45) 131/(131 1 22) 173/(173 1 36)

PPV (95% CI) 0.74 (0.67–0.80) 0.78 (0.69–0.86) 0.41 (0.29–0.53)

NPV (95% CI) 0.80 (0.70–0.90) 0.94 (0.90–0.98) 0.98 (0.96–1.00)

LR1 (95% CI) 1.96 (1.57–2.44) 6.29 (4.25–9.32) 5.18 (3.75–7.17)

LR2 (95% CI) 0.17 (0.10–0.30) 0.11 (0.06–0.22) 0.13 (0.04–0.38)

Sp 5 0.90

Cutoff (dB/m) 254 275 311

Se (95% CI) 0.69 (0.61–0.76) 0.82 (0.74–0.90) 0.71 (0.55–0.88)

TP/(TP 1 FN) 96/(96 1 44) 69/(69 1 15) 20/(20 1 8)

Sp (95% CI) 0.90 (0.84–0.96) 0.90 (0.85–0.95) 0.90 (0.86–0.94)

TN/(TN 1 FP) 87/(87 1 10) 138/(138 1 15) 188/(188 1 21)

PPV (95% CI) 0.91 (0.85–0.96) 0.82 (0.74–0.90) 0.49 (0.33–0.64)

NPV (95% CI) 0.66 (0.58–0.75) 0.90 (0.85–0.95) 0.96 (0.93–0.99)

LR1 (95% CI) 6.65 (3.66–12.09) 8.38 (5.13–13.69) 7.11 (4.45–11.36)

LR2 (95% CI) 0.35 (0.27–0.45) 0.20 (0.12–0.31) 0.32 (0.18–0.57)

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; FP, false positive; FN, false negative; LR1, positive likelihood ratio; LR2, negative
likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TP, true positive; TN, true negative; UAP, ultrasound attenuation
parameter.
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Figure 2.Receiver operating characteristic (ROC) curve of ultrasound attenuation parameter (UAP) for identifying hepatic steatosis$S1 (a),$S2 (b), and
S3 (c). Box plots of UAP and hepatic steatosis grade (Student–Newman–Keuls for paired comparisons, both statistically significant, P, 0.0001) (d).
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Figure 3. Comparison of AUROC of UAP and HSI for diagnosis of hepatic steatosis groups$S1 (a),$S2 (b), and S3 (c). AUROC, area under the receiver
operating characteristic curve; HSI, hepatic steatosis index; UAP, ultrasound attenuation parameter.
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FT has an ultrasound image probe, which can assist posi-
tioning during detection, avoiding interference factors such as
intrahepatic cysts, nodules, and large blood and bile vessels, and
reduces errors caused by blind measurement. Skin capsular dis-
tance can affect the accuracy in patients with NAFLD by FS
(31,32). FT’s proprietary algorithm includes the variable of BMI
and the spectral analysis of ultrasonic echo signals in determining
skin capsular distance. The diagnostic accuracy of FT in quanti-
fication of liver fat is more superior because the algorithm is
capable of reducing the effect of subcutaneous fat on the UAP
computation. In a cohort study, it was found that the success rate

of FS detection was 94.96% vs 100% for FT (28). Serra’s study
showed diagnostic effect of FT was not as good as FS (33), and it
may be due to the fewer practices of the operators and limited
technical guidance received from the manufacturers. The CAP/
UAP values such asHSI can also be applicable to supplement liver
biopsy and imaging diagnosis of fatty liver. The comparison of
diagnostic capacity of serological markers, such as HSI and UAP,
showed the significant advantages of UAP in NAFLD detection,
suggesting the higher value of UAP in NAFLD diagnosis.

The progression of liver steatosis and fibrosis is dynamic and is
not always parallel. Data from last few years suggested an

Table 3. Diagnostic performance of LSM for fibrosis F ‡ F2, F ‡ F3, and F 5 F4

F ‡ F2 F ‡ F3 F 5 F4

AUROC (95% CI) 0.71 (0.63–0.80) 0.71 (0.62–0.80) 0.77 (0.58–0.97)

Prevalence (N) 0.61 (85/140) 0.36/(50/140) 0.04 (5/140)

Youden index

Cutoff (kPa) 9.4 9.4 11

Se (95% CI) 0.58 (0.47–0.68) 0.68 (0.55–0.81) 0.80 (0.45–1.00)

TP/(TP 1 FN) 49/(49 1 36) 34/(34 1 16) 4/(4 1 1)

Sp (95% CI) 0.82 (0.72–0.92) 0.72 (0.63–0.81) 0.71 (0.63–0.79)

TN/(TN 1 FP) 45/(45 1 10) 65/(65 1 25) 96/(96 1 39)

PPV (95% CI) 0.83 (0.73–0.93) 0.58 (0.45–0.70) 0.09 (0.006–0.18)

NPV (95% CI) 0.56 (0.45–0.66) 0.80 (0.72–0.89) 0.99 (0.97–1.00)

LR1 (95% CI) 3.17 (1.76–5.72) 2.45 (1.67–3.59) 2.77 (1.66–4.62)

LR2 (95% CI) 0.52 (0.39–0.68) 0.44 (0.29–0.68) 0.28 (0.05–1.63)

Se 5 0.90

Cutoff (kPa) 5.3 6.1 11

Se (95% CI) 0.92 (0.86–0.98) 0.88 (0.79–0.97) 0.80 (0.45–1.00)

TP/(TP 1 FN) 78/(781 7) 44/(44 1 6) 4/(4 1 1)

Sp (95% CI) 0.22 (0.11–0.33) 0.27 (0.18–0.36) 0.71 (0.63–0.79)

TN/(TN 1 FP) 12/(12 1 43) 24/(24 1 66) 96/(96 1 39)

PPV (95% CI) 0.64 (0.56–0.73) 0.40 (0.31–0.49) 0.09 (0.006–0.18)

NPV (95% CI) 0.71 (0.49–0.92) 0.80 (0.66–0.94) 0.99 (0.97–1.00)

LR1 (95% CI) 1.17 (1.01–1.37) 1.20 (1.02–1.41) 2.77 (1.66–4.62)

LR2 (95% CI) 0.38 (0.16–0.90) 0.45 (0.20–1.03) 0.28 (0.05–1.63)

Sp 5 0.90

Cutoff (kPa) 13.3 15 21.4

Se (95% CI) 0.34 (0.24–0.44) 0.40 (0.26–0.54) 0.40 (0.03–0.83)

TP/(TP 1 FN) 29/(29 1 56) 20/(20 1 30) 2/(2 1 3)

Sp (95% CI) 0.91 (0.83–0.99) 0.90 (0.84–0.96) 0.90 (0.85–0.85)

TN/(TN 1 FP) 50/(501 5) 81/(81 1 9) 122/(122 1 13)

PPV (95% CI) 0.85 (0.73–0.97) 0.69 (0.52–0.86) 0.13 (0.04–0.31)

NPV (95% CI) 0.47 (0.38–0.57) 0.73 (0.65–0.81) 0.98 (0.95–1.00)

LR1 (95% CI) 3.75 (1.55–9.11) 4.00 (1.97–8.11) 4.15 (1.26–13.67)

LR2 (95% CI) 0.72 (0.61–0.86) 0.67 (0.53–0.84) 0.66 (0.32–1.36)

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; FP, false positive; FN, false negative; LR1, positive likelihood ratio; LR2, negative
likelihood ratio; LSM, liver stiffness measurement; NPV, negative predictive value; PPV, positive predictive value; Se, sensitivity; Sp, specificity; TP, true positive; TN, true
negative.
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Figure 4.Receiver operating characteristic (ROC) curve of liver stiffnessmeasurement (LSM) for identifying liver fibrosis$F2 (a),$F3 (b), and F4 (c). Box
plot of a LSM vs fibrosis stage (Student-Newman-Keuls comparison showed that differences between F1 and F3, F1, and F4 were statistically significant)
(d).
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exponential increase in the risk of liver-related mortality in
NAFLD as fibrosis progressed (1,34–36). A study on the medical
costs of patients with NAFLD found that the average outpatient
annual cost (adjusted for inflation) increased from $2,624 6
3,308 in 2005 to $3,6086 5,132 in 2010 (37). The EASL-EASO-
EASD 2016 (38) guidelines recommended using biomarkers
(NAFLD fibrosis score, FIB-4) and transient elastography to
screen patients with NAFLD for advanced fibrosis and cirrhosis.
We used FT to detect the severity of fibrosis in patients with
NAFLD. The AUROC in$F2,$F3, and5F4 was 0.71, 0.71, and
0.77, respectively, and those reported by Eddowes et al. (39) were
0.77, 0.80, and 0.89, respectively, and those reported by Siddiqui
et al. (40) were 0.79, 0.83, and 0.93, respectively. Considering the
possibility for inclusion of less severe degree of fibrosis, our trial
was based on themaximumYonden index cutoff value of 11 KPa,
whereas the latter 2 reports were 13.6 and 13.1 KPa, respectively.
The proportion of gray zone by using the dual cutoffs (cutoff or Se
$0.90 and cutoff for Sp,0.90 determined in the present cohort)
were 62%, 58%, and 20% for the diagnosis of fibrosis stage$F2,
$F3, and F4, respectively (see Supplementary Table 8, Supple-
mentary Digital Content 8, http://links.lww.com/CTG/A533),
similar to Eddowes et al.’s results (39), suggesting a certain
overlapping area for the diagnosis of significant and advanced
fibrosis. The limitations of transient elastography include over-
lapping LSM range and false positivity affected by inflammation,
nonfasting, exercise, hepatic venous congestion, alcohol excess,
cholestasis, steatosis, and portal vein thrombosis (41).

The diagnosis accuracy of fibrosis by LSM is affected by dif-
ferent etiologies. Although in a study of patients with CLD
(mainly HBV infection), the overall diagnostic accuracy of FT for
significant fibrosis, advanced fibrosis, and cirrhosis was 73.3%,
83.2%, and 84.1%, respectively, and was equivalent to FS and
superior to AST to platelet ratio index and FIB-4 (42). The pre-
vious study showed that FT had high AUROC value in detecting
hepatitis B–related fibrosis (43). However, the AUROC value of
NAFLD is lower and may need to be validated in other NAFLD
clinical trials, such as diabetic patients or multiethnic cohorts.
LSM was positively correlated with NAS score, which may be the
factor that causes the low value of the AUROC. A more diverse
approach to study the diagnostic performance of FT and
threshold setting for NASH-related fibrosis staging might be
required.

PPV and NPV were significantly affected by the prevalence.
The effects of the changing of prevalence were demonstrated, and
the cutoff value could be selected appropriately according to the
clinical situation. A negative test will be very reassuring and will
play an important role in screening and secondary prevention.

This is a large, multicenter study of FT for evaluating the
detection of steatosis and fibrosis stage in patients with potential
NAFLD, and for recommending the borderline values for clinical
use, and calculating the PPV and NPV in combination with
prevalence. The liver biopsy as the reference standard is normally
limited by sampling error and by interobserver variability. To
reduce these limitations, we excluded all patients with biopsies
that did not meet specific quality criteria and all the sections were
blindly and independently assessed by 3 experienced patholo-
gists. Another limitation of our study is that there are very few
patients in steatosis S3. When comparing ROC among groups,
although the difference between the areas of ROC has reached the
clinical significance, because of the small sample size, the differ-
ence did not reach the statistical significance.

In conclusion, our study has demonstrated that FT is highly
applicable andhas a low failure rate inpatientswithNAFLD.Wealso
demonstrated that the UAP value would not be affected by other
histological components; the extent of fibrosis and inflammation
could affect the LSM results. The cutoff values of degree of hepatic
steatosis and stageoffibrosis obtained in this studyprovideda critical
FT reference value for the diagnosis and evaluation of patients with
NAFLD. FT is convenient for clinical practice.
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Study Highlights

WHAT IS KNOWN

3 FibroTouch vibration-controlled transient elastography is an
alternative of FibroScan.

3 Ultrasound attenuation parameter and liver stiffness
measurement by FibroTouch are widely used in China.

WHAT IS NEW HERE

3 The success rate of FibroTouch is very high in patients with
chronic liver disease.

3 FibroTouch has good diagnostic performance for hepatic
steatosis and fibrosis.

TRANSLATIONAL IMPACT

3 Ultrasound attenuation parameter and liver stiffness
measurement can be used to assess steatosis and fibrosis in
clinical practice.
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