
© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(3):1800-1814 | https://dx.doi.org/10.21037/qims-21-700

Original Article

Diagnosis of steatohepatitis and fibrosis in biopsy-proven 
nonalcoholic fatty liver diseases: including two-dimension  
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Background: The aim of this retrospective study was to evaluate the accuracy of two-dimension real-
time shear wave elastography (2D-SWE) for the diagnosis of steatohepatitis and fibrosis in a cohort patients 
confirmed nonalcoholic fatty liver diseases (NAFLD) by liver biopsy, and compare with four noninvasive 
fibrotic biomarker scores (NFS, FIB-4, BARD and APRI).
Methods: 116 NAFLD patients and 23 normal control group were enrolled. The diagnostic performance 
of 2D-SWE and four noninvasive fibrotic biomarker scores was evaluated based on histopathological 
inflammation grades and fibrosis stages (F) according to Kleiner/Brunt et al.’s criteria classification. 
5-fold cross validation and receiver operating characteristics curve (ROC) analyses were used to obtain an 
assessment of 2D-SWE and four noninvasive fibrotic biomarker scores; then cross validated area under the 
curves (AUCs) were compared using the test of Delong. Meanwhile, influence of steatosis on liver stiffness 
measurement (LSM) of 2D-SWE was also studied.
Results: Liver stiffness measured by 2D-SWE proved to be an excellent diagnostic indicator for detecting 
steatohepatitis (AUROC =0.88), and fibrosis: ≥F2 stage (AUROC =0.86), ≥F3 stage (AUROC =0.89) and =F4 
stage (AUROC =0.90) with the cutoff values were 7.3, 10.0, 11.6 and 12.6 kPa, respectively. Compared with 
fibrotic scores, 2D-SWE had the highest AUROC for predicting ≥F2, ≥F3, =F4 by Delong test (all P<0.05). 
No statistic differences of LSM were found among different steatosis levels (P=0.97).
Conclusions: The stiffness measured by 2D-SWE could be used to noninvasively identify steatohepatitis 
and stage fibrosis in NAFLD patients. Moreover, the diagnosis efficiency of the stiffness measured by 
2D-SWE could not be influenced by steatosis.

Keywords: Nonalcoholic fatty liver disease (NAFLD); nonalcoholic steatohepatitis (NASH); cirrhosis; shear wave 

elastography (SWE); K-fold-cross-validation

1814

^ ORCID: Jie Zhou, 0000-0003-0414-4581; Jinshun Xu, 0000-0003-2420-2320; Qiang Lu, 0000-0002-4057-1997; Xianglan Zhu, 0000-
0002-4918-0626; Binyang Gao, 0000-0002-2974-8691; Huan Zhang, 0000-0002-7292-5489; Rui Yang, 0000-0002-7733-0636; Yan Luo, 
0000-0003-2985-1768. 

https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-700


1801Quantitative Imaging in Medicine and Surgery, Vol 12, No 3 March 2022

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(3):1800-1814 | https://dx.doi.org/10.21037/qims-21-700

Introduction

In recent years, the prevalence of non-alcoholic fatty 
liver disease (NAFLD) has risen (1,2), along with the 
increasing prevalence of obesity, becoming the most 
common cause of chronic liver disease worldwide (3,4). The 
clinical spectrum of NAFLD ranges from simple steatosis 
(termed nonalcoholic fatty liver, NAFL) to nonalcoholic 
steatohepatitis (NASH), a progressive form resulting in 
cirrhosis, hepatic failure, and even hepatocellular carcinoma 
(HCC) (5-7). Prognosis strongly depends on histological 
severity (7-9). Therefore, it is important to accurately 
differentiate NAFL and NASH, which is attributed 
to formulate the optimum options for monitoring and 
treatment in NAFLD patients (6).

Although liver biopsy is still considered as the gold 
standard to evaluate NAFLD, it is an invasive procedure, 
with rare but potentially life-threatening complications, 
and is prone to sampling errors (5,10). Several non-invasive 
methods have been showed good capabilities for diagnosis 
of NAFL, NASH, and fibrosis, including cytokeratin-18 
fragments (CK-18) (11), NAFLD fibrosis score (NFS) (12),  
fibrosis 4 calculator (FIB-4) (13), and liver stiffness 
measurement (LSM) based on transient elastography (TE) 
imaging (14,15). However, none of them can substitute 
liver biopsy based on the convergent findings from 
recently critical appraisals (16-18). Furthermore, there 
has been no consensus on thresholds or strategies of non-
invasive methods when trying to avoid biopsy (5,17,18). 
Consequently, more preferable strategies are urgently 
needed to improve the capability of the non-invasive 
measurements for diagnosis of NAFLD subtypes.

Two-dimension real-time shear wave elastography 
(2D-SWE), is based on the combination of a radiation force 
induced in tissues by focused ultrasonic beams and a very 
high frame rate ultrasound imaging sequence capable of 
catching in real time the transient propagation of resulting 
shear waves (17). Recently, 2D-SWE is becoming widely 
used (19-24), and is recommended for the evaluation of liver 
fibrosis by some guidelines in patients with chronic liver 
diseases, such as viral hepatitis (17,25). However, except 
for fibrosis, steatosis would co-exist in the same NAFLD 
patient.

Thus, the primary aim of this study was to validate the 
diagnostic accuracy of 2D-SWE for NASH and quality 
criteria using histopathology as the reference. The second 
aim of this study was to evaluate and compare the accuracy 
of 2D-SWE and four previously reported noninvasive 
serum fibrosis scores (NFS, FIB-4 and BARD scores and 
APRI) for further staging fibrosis in NASH patients. The 
influence of steatosis on LSM of 2D-SWE in all NAFLD 
patients was also been investigated. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://dx.doi.org/10.21037/qims-21-
700). 

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This 
retrospective study was based on data collected in an 
electronic database and approved by the Institutional Review 
Board of West China Hospital of Sichuan University. 
Informed consent was waived because of the retrospective 
nature of the study. Patients with biopsy-proven NAFLD 
were included from September 2015 to February 2021 at 
West China hospital of Sichuan University. NAFLD was 
defined as liver steatosis on liver biopsy after excluded the 
following exclusion criteria: excessive alcohol intake (males 
were excluded if they consumed more than 30 g of alcohol 
per day, and females were excluded if they consumed more 
than 20 g per day); co-existing liver diseases: chronic virus 
hepatitis, autoimmune hepatitis, obstructive cholestasis 
and acute hepatitis; liver congestion, liver neoplasm, 
embolus that would affected blood or bile circulation, 
whatever conditions that might affect liver stiffness; drug-
induced fatty liver injury and other liver diseases associated 
with fatty liver, such as hepatolenticular degeneration. In 
general, the site of liver biopsy puncture usually located in 
the right liver. To ensure that the region of interest (ROI) of 
2D-SWE is close to the site of the liver biopsy puncture, we 
excluded patients whose puncture site was in the left liver or 
distant from the V, VII, VIII segment of liver by reading the 
original images. We also included patients who confirmed 
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normal background liver histology by liver mass resection 
and postoperative histology examination as a normal 
controlled group, and had negative hepatitis virus markers, 
no previous history of acute or chronic liver disease, no 
excessive alcoholic intake, no abnormal signs were found by 
liver ultrasound examination.

Clinical and laboratory assessments

Relevant clinical data: sex, age, weight, height, and alcohol 
intake (g/day), and laboratory results: total bilirubin (TB), 
blood glucose, triglyceride (TG), alanine transaminase 
(ALT), aspartate transaminase (AST), alkaline phosphatase 
(ALP), lactic dehydrogenase (LDH) were collected at the 
time of liver biopsy. Body mass index (BMI) was calculated 
as weight (kg) divided by height squared (m2).

To evaluate and compare the accuracy of 2D-SWE and 
four previously reported noninvasive fibrosis scores for 
further staging fibrosis in NASH patients, the results of 
2D-SWE were compared with that of other prediction 
scores (NFS, FIB-4 BARD, APRI): NFS was calculated 
according to the following formula: −1.675 + 0.037 × age 
(years) + 0.094 × BMI (kg/m2) + impaired fasting glycemia 
or diabetes (yes =1; no =0) + 0.99 × AST/ALT − 0.013 × 
platelet (109/L) − 0.66 × albumin (g/dL) (12). FIB-4 score 
was calculated by: age × AST (U/L)/platelet count (109/L) 
× √ALT (U/L) (13). BARD score was the weighted by the 
sum of three variables (BMI > 28 = 1 point; AST/ALT ratio 
≥0.8 = 2 points; and diabetes = 1 point) (26). APRI scoring 
formulation was AST level/upper limit of normal value 
(ULN)/PLT (109/L) × 100 (27).

US examination and 2D-SWE

All subjects underwent ultrasound examination by 
SuperSonic Imagine AixPlorer (SuperSonic Imagine, 
Aix-en-Provence, France) after fast for at least 8 hours. 
The same proficient sonographer performed ultrasound 
examinations, 2D-SWE measurement and needle biopsy 
continuously in one day. The examinees were placed in 
the supine position with the right-arm maximal extension. 
Two-dimension ultrasonic examination was first performed 
before select 2D-SWE mode. The convex probe (SC6-1)  
was positioned in the right lobe of the liver through 
the intercostal space (segment V, VIII, or VII) with the 
transducer at 90° in relation to the liver capsule in an area 
free of artifacts and large vessels. The ROI was placed a 
minimum of 1-2 cm and a maximum of 6 cm below the 

liver capsule. The analysis box was set to at least 10 mm,  
preferably 15 mm or more. A round shape is usually 
chosen. The patients transiently held their breath in 
a neutral position. Five successful measurements were 
repeated. Measurements were classified as failed when 
no or heterogeneous signal was obtained in the ROI. 
The mean of the five times 2D-SWE measurements 
expressed in kilopascals (kPa) was used as the representative 
measurement.

Histopathological assessment

We performed a biopsy in liver segment V, VII or 
VIII, close to where the sample box from the 2D-SWE 
examination was placed through the intercostal plane. 
Only liver biopsies with a minimum length of 2 cm and at 
least six complete portal tracts were considered suitable 
for further analysis. The liver biopsy specimens were 
stained with hematoxylin-eosin (HE), Foot and Masson 
stains. Histopathological diagnosis was conducted by the 
Department of Pathology of West China Hospital, Sichuan 
University. Biopsies were reviewed by a junior pathologist 
and then reviewed by a senior pathologist. Cases with 
discrepancies were simultaneously reviewed by the original 
two pathologists and a senior pathologist until a consensus 
was reached. The diagnostic performance of 2D-SWE was 
evaluated on based on histopathological inflammation and 
fibrosis stage according to Kleiner/Brunt et al.’s criteria 
classification (28-30):

Hepatosteatosis: the presence of hepatosteatosis was 
defined as steatosis >5% of hepatocytes with fatty change. 
Steatosis was graded 0–3 based on percent of hepatocytes 
in the biopsy involved (0 is less than 5%; 1 is 5–33%; 2 is 
33–66%; 3 is more than 66%).

Lobular inflammation: grade 0–3 based on inflammatory 
foci per 20× with a 20× ocular (0 is none; 1 is 1 to 2/20×; 2 
is up to 4/20×; 3 is .4/20×).

Fibrosis: the stage of liver fibrosis was divided into 0-4 
stages (F): F0 is none; F1, perisinusoidal/pericellular fibrosis 
around central veins (zone 3), focally or extensively present; 
F2, zone 3 perisinusoidal/pericellular fibrosis with focal 
or extensive periportal fibrosis; F3, zone 3 perisinusoidal/
pericellular fibrosis and portal fibrosis with focal or 
extensive bridging fibrosis; F4, cirrhosis.

Pure non-alcoholic fatty liver (NAFL): (I) pure steatosis; 
(II) steatosis and mild lobular or portal area inflammation 
without ballooning degeneration (hepatocytes become 
enlarged and the cytoplasm becomes irregularly clumped 
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with optically clear, non-vesiculated areas); (III) steatosis 
and ballooning degeneration without mild lobular and 
portal area inflammation.

Nonalcoholic steatohepatitis (NASH): early NASH, 
no or mild (F0–F1) fibrosis (F0 must have ballooning 
degeneration, mild lobular and portal area inflammation); 
Fibrotic NASH, significant (≥F2) or advanced (≥F3) 
fibrosis; NASH-Cirrhosis (F4).

Statistical analysis

SPSS 20.0 (IBM SPSS Statistics 20.0) statistical software 
and R (A language and environment for statistical 
computing, Vienna, Austria, ISBN 3-900051-07-0, URL 
http://www.R-project.org) was used for analysis. All 
continuous variables were confirmed normal distribution 
or analyzed after normal-scores transformation and were 
expressed as mean ± standard deviations (SD), otherwise, 
median and IQR (25th–75th percentile) were reported. 
Data were analyzed by using the Student t-test, the chi-
square test, Fisher’s exact test, and analysis of variance, as 
appropriate. The data got were divided into train sets and 
test sets, a ratio of 4:1 by 5-fold cross validation of R to 
calculate the cutoff value, sensitivity (Sen), specificity (Spe), 
positive predictive value (PPV), negative predictive value 
(NPV), accuracy (AU) and area under the receiver operating 
characteristic curves (AUROCs). AUROCs were compared 
using the DeLong test (31). One-way analysis of variance 
(One-way ANOVA) with Games-Howell tests was used for 
multiple comparisons. A P value of 0.05 was considered to 

be statistically significant.

Results

Patient characteristics

The institutional electronic database was collected from 
September 2015 to February 2021. A total of 420 patients 
were preliminary selected, and 304 of these patients were 
excluded for the following reasons: excessive alcohol 
intake (n=72), chronic virus hepatitis (n=151), autoimmune 
hepatitis (n=28), obstructive cholestasis (n=25), patients 
whose puncture site was in the left liver or distant from ROI 
of SWE (n=15), and other condition of exclusion criteria 
(n=13). In all, 116 NAFLD patients who fulfilled the 
study criteria were enrolled. We also included 29 patients 
confirmed normal background liver histology by liver mass 
resection and postoperative histology examination. Among 
them, two of the 29 who had excessive alcohol intake 
(see exclusion criteria), and four of them with elevated 
transaminase were excluded. Eventually, 23 control group 
were enrolled. The inclusion and exclusion flow chart of the 
retrospective study was depicted in Figure 1. The total of 
139 patients had an age range from 18 to 77 years, 45.3% 
were male. In 116 NAFLD patients group, 21 (18.10%) 
patients with no specific inflammation and fibrosis were 
diagnosed with NAFL, 78 (67.24%) patients had non-
cirrhosis NASH, 17 (14.66%) had cirrhosis NASH. The 
characteristics and histological findings of the independent 
study groups are shown in Table 1. Figure 2 showed the 

Figure 1 Flow chart of NAFLD patients and normal control group. 2D-SWE, real-time shear wave elastography; NAFLD, nonalcoholic 
fatty liver disease. ROI, region of interest.

Patient data were retrieved from the pathological data 
system and electronic hospital patient data system. 
Patients confirmed the accumulation of lipid within more 
than 5% hepatocytes and went liver SWE examination 
from September 2015 to February 2021 (n=420)

Excluded (n=304)
- Excessive alcohol intake (n=72)
- Chronic virus hepatitis (n=151)
- Autoimmune hepatitis (n=28)
- Obstructive cholestasis (n=25)
- Patients whose puncture site was distant from 
ROI of SWE (n=15)
-Other condition in exclusion criteria (n=13) 

Excluded (n=6)
- Excessive alcohol intake (n=2)
- Abnormal transaminase (n=4)

Control group (n=23)NAFLD Patients group (n=116)

Patient data were retrieved from the pathological data 
system and electronic hospital patient data system. 
Patients’ liver pathology showed normal and went liver 
SWE examination from September 2015 to February 
2021 (n=29)
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Table 1 Clinical characteristics and laboratory data of patients

Characteristics Normal controls (n=23) NAFLD (n=116) P value

Age (years) 44.30±13.31 46.40±16.45 0.62

Gender (male) 8 (34.78) 55 (47.41) 0.27

Metabolic syndrome indexes

BMI (kg/m2)

Overweight (BMI ≥25 kg/m2) 2 (8.7) 66 (56.90) <0.001

Obesity (BMI ≥30 kg/m2) 0 (0) 13 (11.20) 0.126

Diabetes 1 (4.34) 23 (19.82) 0.13

Hypertension 7 (30.43) 30 (25.86) 0.65

*Dyslipidemia 2 (8.70) 33 (28.45) 0.046

Metabolic syndrome 0 (0) 8 (7.90) 0.35

Biochemical indexes

ALT (IU/L) 25.73±10.63 127.46±183.14 <0.001

AST (IU/L) 25.61±9.64 102.73±188.21 <0.001

High density liptein cholesterol (mmol/L) 1.57±0.47 1.76±0.82 0.10

Low density liptein cholesterol (mmol/L) 2.44±0.56 2.19±1.08 0.09

Uric acid (μmol/L) 189.61±122.50 312.48±116.60 <0.001

Gamma glutamyl transpeptidase (IU/L) 70.39±62.22 252.22±438.70 <0.001

Alkaline phosphatase (IU/L) 96.87±43.11 185.11±174.40 <0.001

Lactic dehydrogenase (IU/L) 186.17±48.52 253.92±171.45 0.07

Hydroxybutyrate dehydrogenase (IU/L) 145.91±41.88 215.03±140.84 <0.001

Triglyceride (mmol/L) 1.09±0.39 1.55±0.80 <0.001

Cholesterol (mmol/L) 4.37±0.78 5.11±1.39 0.001

Total bilirubin (mg/dL) 16.49±8.38 22.24±28.21 0.38

Albumin (g/L) 52.83±7.25 48.54±9.13 0.032

Blood routine index

Platelet count (×109/L) 205.39±78.67 192.00±84.76 0.49

Hstopathologic examination

**NASH level (F0–1/2–3/4) 23/0/0 68/31/17 –

***Fibrosis stage (0/1/2/3/4) 23/0/0/0/0 22/46/23/8/17 –

SWE (kPa) 5.9±0.9 10.0±4.9 <0.001

The table shows the mean ± SD for normally distributed continuous variables or variables that underwent non-normal data distribution 
transformation, number (%) for binary variables. *, dyslipidemia: fasting blood triglyceride ≥1.7 mmol/L (150 mg/dL), and/or fasting blood 
high density liptein cholesterol <0.9 mmol/L (35 mg/dL) (male), <1.0 mmol/L (39 mg/dL) (female). **, NASH (Nonalcoholic steatohepatitis) 
level: Early NASH, no or mild (F0–F1) fibrosis (F0 must have ballooning degeneration, mild lobular and portal area inflammation); Fibrotic  
NASH, significant or advanced fibrosis (F2–F3); NASH-Cirrhosis (F4). ***, Fibrosis stage: The stage of liver fibrosis was divided into 0–4 
stages (F): F0 is none; F1, perisinusoidal/pericellular fibrosis around central veins (zone 3), focally or extensively present; F2, zone 3  
perisinusoidal/pericellular fibrosis with focal or extensive periportal fibrosis; F3, zone 3 perisinusoidal/pericellular fibrosis and portal fibrosis 
with focal or extensive bridging fibrosis; F4, cirrhosis. BMI, body mass index; AST, aspirate aminotransferase; ALT, alanine aminotransferase;  
NASH, nonalcoholic steatohepatitis; SWE, real-time shear wave elastography.
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Figure 2 Results of shear wave elastography images (the top row), HE (the second and third rows) and Masson (the bottom row) staining 
sections in patients with NAFL (the first column), non-cirrhosis NASH (the second column), and cirrhosis NASH (the last column). The 
mean liver stiffness was 5.5, 7.8, and 13.8 kPa, respectively. NAFL, nonalcoholic fatty liver; NASH, nonalcoholic steatohepatitis.
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example of 2D-SWE images, HE and Masson staining 
sections.

Predictors of non-cirrhosis NASH and cirrhosis NASH

The LSM (±SD) of normal control, NAFL, non-cirrhosis 
NASH and cirrhosis NASH group were 5.9±0.9, 6.2±0.6, 
9.0±2.6 and 15.9±4.0 kPa, respectively, (all P<0.001) 
(Figure 3). Non-cirrhosis NASH group (9.0±2.6 kPa)  
and cirrhosis NASH group (15.9±4.0 kPa) were higher 
than both normal control (5.9±0.9 kPa) and NAFL group  
(6.2±0.6 kPa) (all P<0.001). However, there was no statistical 
difference between the normal control (5.9±0.9 kPa)  
and NAFL group (6.2±0.6 kPa) (P=0.975).

For the diagnosis of non-cirrhosis NASH and cirrhosis 
NASH by 2D-SWE and calculated optimal cutoff value, 
the data obtained were randomly divided into train sets and 
testing sets (ratio of 4:1) by caret package, and then analyzed 
by pROC package of R. For differentiated non-cirrhosis 
NASH (5-fold validation results was demonstrated in Figure 
4), the mean AUROC (95% CI) in train sets was 0.88 (0.82-
0.95) when the cutoff was 7.3 kPa, whose Sen, Spe, PPV, 
NPV, and AC were 70.5%, 99.4%, 66.2%, 99.6% and 
80.9%, respectively. In test sets, the Sen, Spe, NPV, PPV, AC 
were 85.5%, 97.8%, 82.8%, 98.8% and 89.9%, respectively.

For differentiated cirrhosis NASH by 2D-SWE by k-fold 
validation (5-fold validation results was demonstrated in 
Figure 5), the mean AUROC (95% CI) for 5-fold cross 
validation train sets was 0.95 (0.89–1.00) when the cutoff 
was 12.6 kPa, and its Sen, Spe, PPV, NPV, and AC were 
88.1%, 91.2%, 98.2%, 59.2% and 90.8%, respectively. In 
test sets, the Sen, Spe, NPV, PPV, AC were 86.7%, 91.0%, 
98.4%, 75.6% and 90.6%, respectively. These results 
demonstrated 2D-SWE had a significantly high Sen, Spe, 
NPV, PPV and AC in both train and test sets for diagnosing 
non-cirrhosis NASH and cirrhosis NASH.

Predictors of fibrosis by 2D-SWE

Furthermore, diagnostic performance of 2D-SWE in 
separating patients’ fibrosis stage was evaluated. The mean 
LSM (± SD) of NAFLD patients from F0 to F4 were 6.1±0.8, 
8.0±2.1, 10.3±2.5, 11.7±2.3 and 15.9±4.0 kPa, respectively. 
The above data demonstrated a stepwise increase with 
increasing severity of hepatic fibrosis. Except for F2 and F3 
(P=0.596), the LSM between two adjacent fibrosis stages had 
statistic difference (P<0.05 for all) (Figure 6).

For diagnosing ≥F2, the best LSM cutoff was 10.0 kPa in 
train sets with the AUROC (95%CI) of 0.86 (0.77–0.94). For 
diagnosing F3 or greater disease, the best LSM cutoff was 
11.6 kPa in train sets with the AUROC of 0.89 (0.81–0.97).  
The optimal cutoff LSM for diagnosing F4 was 12.6 kPa,  
the AUROC showed 0.90 (0.79–1). The Sen, Spe, PPV, 
NPV, AC and AUROC in train sets were demonstrated in 
Table 2.

Liver stiffness assessment: comparison of 2D-SWE, NFS, 
FIB-4, BARD and APRI scores

Performance of the four noninvasive serum fibrosis scores: 
NFS, FIB-4, BARD and APRI scores were also assessed 
by 5-fold cross validation and compared with 2D-SWE. 

Figure 3 Distribution LSM by 2D-SWE of the normal control, 
NAFL, non-cirrhosis NASH and cirrhosis NASH group. The 
LSM (±SD) of non-cirrhosis NASH group (9.0±2.6 kPa) and 
cirrhosis NASH group (15.9±4.0 kPa) were higher than both 
normal control (5.9±0.9 kPa) and NAFL group (6.2±0.6 kPa) (all 
P<0.001). However, there was no statistical difference between 
the normal control (5.9±0.9 kPa) and NAFL group (6.2±0.6 kPa) 
(P=0.975). The bottom of each box, the line in the box, and the top 
of the box represent the 1st, 2nd, and 3rd quartiles, respectively. 
The bottom of each box, the line in the box, and the top of the box 
represent the interquartile range within which 50% of the values 
are located. ***, P<0.001. 2D-SWE, two-dimension real-time shear 
wave elastography; SD, standard deviation; NAFL, nonalcoholic 
fatty liver; NASH, nonalcoholic steatohepatitis; LSM, Liver 
stiffness measurement. 
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Significantly higher AUROCs were observed for 2D-SWE 
than for the four noninvasive serum fibrosis scores in the 
identification of each fibrosis stage (≥F2: 0.86 vs. (0.64, 
0.61, 0.58, 0.52); ≥F3 0.89 vs. (0.70, 0.63, 0.56, 0.51); 
=F4: 0.90 vs. (0.66, 0.66, 0.55, 0.51); all P<0.05) (Table 3). 
Nevertheless, the optimal applications for stage fibrosis 
using NFS, FIB-4, BARD and APRI scores were different: 

APRI is appropriate to ≥F2, NFS, FIB-4 and BARD 
score are more suitable for applying to ≥F3. In fact, best 
application of four serum fibrosis scores also showed lower 
AUROCs for their respective optimum when compared to 
2D-SWE. The LSM based on 2D-SWE was significantly 
superior by Delong test (all P<0.05) for diagnosis of liver 
fibrosis stage (F2–4), compared to the NFS, FIB-4, BARD 
and APRI scores respectively (Figure 7).

The influence of steatosis on LSM

The nonsteatotic (normal group: 5.9±0.9 kPa) and steatotic 
(NAFL: 6.2±0.6 kPa) groups showed no significant 
difference in LSM (± SD) (P=0.975). The LSM (±SD) 
of NAFL patients with 5–33%, 33–66% and ≥66% of 
steatosis hepatocytes were 6.3±0.6, 6.2±0.9 and 6.4±1.1 kPa,  
respectively, showing no statistic differences among 
different steatosis levels (P=0.97).

Discussion

The prognosis of NAFLD depends heavily on the 
histopathological severity (5). Liver biopsy is the traditional 
gold standard in the differential diagnosis of liver damage, 
but they cannot be performed as a follow-up test in short-
term intervals, carry a relevant procedure-related risk, and 
can lead to misclassification due to sampling error (5,10). 
Therefore, an ideal noninvasive surrogate marker or test is 
urgently needed.

Several blood biomarkers and score systems have been 

Table 2 Accuracy of SWE for diagnosing fibrosis in NAFLD patients

Stage AUROC (95% CI) Criteria Cut-off (kPa) DA (%) Sen (%) Spe (%) PPV (%) NPV (%) −LR +LR DOR

≥F2 0.86 (0.77–0.94) BCV 10.0 76.6 72.9 80.4 79.6 74.0 0.37 3.72 10.18

95 Sen 7.3 69.2 95.8 41.3 63.0 90.5 0.05 1.63 35.45

95 Spe 11.2 76.6 58.8 95.7 93.3 68.8 0.61 13.42 22.14

≥F3 0.89 (0.81–0.97) BCV 11.6 86.2 80.0 88.4 71.4 92.4 0.21 6.90 31.89

95 Sen 8.3 56.4 92.0 43.5 37.1 93.8 0.09 1.63 19.07

95 Spe 12.8 87.2 68.0 94.2 81.0 89.0 0.36 11.73 32.64

=F4 0.90 (0.79–1.00) BCV 12.6 89.4 76.5 92.2 68.4 94.7 0.26 9.81 38.46

95 Sen 8.6 55.3 94.1 46.7 28.1 97.3 0.13 1.77 14.05

95 Spe 13.5 89.4 70.6 93.5 70.6 93.5 0.61 10.87 34.56

AUROC, area under the receiver-operating characteristics curve; 95% CI, 95% confidence interval; BCV, the best diagnostic value; DA,  
diagnostic accuracy; Sen, sensitivity; Spe, specificity; NPV, negative predictive value; PPV, positive predictive value; −LR, negative  
likelihood ratio; +LR, positive likelihood ratio; DOR, diagnostic odds ratio.

Figure 6 The diagnostic performance of the LSM on 2D-SWE 
according to fibrosis stage. The mean LSM (±SD) of NAFLD 
patients from F0 to F4 were 6.1±0.8, 8.0±2.1, 10.3±2.5, 11.7±2.3 
and 15.9±4.0 kPa, respectively. Except for F2 and F3, the LSM 
between two adjacent fibrosis stages had statistic difference (P<0.05 
for all). ***, P<0.001; **, P<0.01; *, P<0.05. LSM, Liver stiffness 
measurement; 2D-SWE, two-dimension real-time shear wave 
elastography; SD, standard deviation; NAFLD, nonalcoholic fatty 
liver disease.
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Table 3 AUROCs of the non-invasive fibrosis tests and SWE

Fibrosis test
AUROC (95% CI)

≥F2 ≥F3 F4

The NAFLD fibrosis score (NFS) 0.64 (0.50–0.76) 0.70 (0.55–0.85) 0.66 (0.46–0.86)

FIB-4 0.61 (0.47–0.71) 0.63 (0.49–0.70) 0.66 (0.51–0.81)

BARD score 0.58 (0.45–0.71) 0.56 (0.42–0.69) 0.55 (0.39–0.70)

APRI score 0.52 (0.39–0.66) 0.51 (0.36–0.66) 0.51 (0.33–0.69)

SWE 0.86 (0.77–0.94) 0.89 (0.81–0.97) 0.90 (0.79–1.00)

AUROC, area under the receiver-operating characteristics curve; SWE, shear wave elastography; FIB, fibrosis.

proposed for differential diagnosis of simple steatosis from 
NASH. Among the clinical and laboratory parameters, the 
best representative biomarker is cytokeratin-18 with 66% of 
Sen and 82% of Spe (11). The NAFIC score, calculated from 
the levels of ferritin, fasting insulin, and type IV collagen 
7S, is useful for the diagnosis of NASH (32). However, the 
use of laboratory indexes above is uncommon and costly. 
Moreover, none of them are liver specific and their results 
may be influenced by changes in clearance and excretion of 
each individual parameter. Therefore, more longitudinally 
verifiable data are needed. It is known that the best-studied 
imaging modality is magnetic resonance elastography (MRE). 
Chen et al. demonstrated that MRE-based assessments of 
liver stiffness may have a high diagnostic accuracy (AUC 0.93) 
for differentiating NASH from simple steatosis, with a cut-
off of 2.74 kPa yielding a sensitivity of 94% with a specificity 
of 73% (33). However, the group design utilized in this study 
lacked the clear histological diagnosis between NASH and 
not-NASH disease. To date, noninvasive tests have not been 
validated for diagnosing NASH because of the small number 
of studies.

2D-SWE is an emerging noninvasive method based on 
shear waves implemented the diagnostic ultrasound system 
to provide quantitative analysis of tissue stiffness. In the 
present study, we evaluated the performance of 2D-SWE in 
the diagnosis of steatohepatitis and fibrosis in biopsy-proven 
nonalcoholic fatty liver diseases and compared it with the 
four fibrosis scores using histopathology as the reference. 
Liver stiffness measured by 2D-SWE was proved to be a 
reliable method that can bring potentially steatohepatitis 
hint and can roughly determine the stage of liver fibrosis. 
Importantly, liver stiffness measured by 2D-SWE was not 
influenced by steatosis.

In the present study, we evaluated the performance of 

2D-SWE in identifying NASH in NAFLD patients and 
confirmed the good performance of 2D-SWE to diagnose 
NASH with an AUROC of 0.88 (0.82–0.95) at a cutoff 
of 7.3 kPa. To the best of our knowledge, this is the first 
study to evaluate 2D-SWE in a biopsy-proven NASH, 
which was deemed to steatosis with lobular and portal area 
inflammation rather than minor inflammation.

As for staging fibrosis, dozens of noninvasive models 
composed of blood biochemical biomarkers were reported 
to be useful, including NFS (12), FIB-4 (13), APRI (26) 
and enhanced liver fibrosis (ELF) (34). However, APRI and 
FIB-4 were initially established for patients with hepatitis C 
virus (HCV) infection or HIV/HCV coinfection. ELF need 
some special tests (such as hyaluronic acid, amino-terminal 
propeptide of type III procollagen and tissue inhibitor 
of metalloproteinase-1). In this study, the AUROC of 
2D-SWE LSM on detection of fibrosis is superior to those of 
four scoring systems (NFS, FIB-4, BARD and APRI). This 
is reasonable because blood markers of the scoring systems 
are affected by races and diets. Comparing markers of the 
scoring systems, liver stiffness measured by 2D-SWE has 
the advantage of imaging liver stiffness in real time while 
guided by a higher frame-rate B-mode image. Transient 
elastography (TE) was initially shown to be reliable for 
assessing fibrosis in patients with chronic hepatitis C (14). 
TE also was reported to be useful to assess fibrosis in 
patients with NAFLD (21,35). However, there were some 
limitations of TE. The first is its one-dimensional imaging 
that may cannot obtain reliable LSM. Besides, TE has 
poor performance related to obesity, narrow intercostal 
space, and ascites (5). 2D-SWE is a more accuracy 
method of staging fibrosis than TE. Ferraioli et al. showed 
that 2D-SWE was more accurate than TE in assessing 
significant fibrosis (≥F2) in chronic hepatitis C (21).  
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Similarly, a recent meta-analysis studied for NAFLD 
patients (36) showed the pooled Sen and Spe for diagnosing 
F≥2, F≥3, and F=4 disease, TE were 76% and 65%, 75% 
and 74%, 88% and 82%, respectively, 2D-SWE were 
higher than TE, were 85% and 94%, 90% and 92%, 100% 
and 86%, respectively. 

As for NAFLD diseases, some animal studies have 
reported that 2D-SWE is an efficient technique to 
differentiate NASH from less severe NAFL (37,38). 
However, limited human data was available on NAFLD. 
Samir et al.’s study showed that the use of 2D-SWE 
provided an AUROC of 0.77 (95% CI: 0.68, 0.86), with 
an optimal cutoff of 7.29 kPa (Sen=91.4%, Spe=52.5%) 
for ≥ F2 patients with a varied spectrum of liver diseases 
(NAFLD included) (39). Garcovich et al. assessed 2D-SWE 
for diagnosing NASH in pediatric population and reported 
an AUROC of 0.96 to diagnose ≥F2 with a cutoff value 
of 6.7 kPa (Sen=87%, Spe=96%) (40). Ozturk et al. (41) 
demonstrated the lower threshold of 8.37 kPa than that of 
10.0 kPa in this study to diagnose high risk NASH (F≥2). 
These contrasts in results may be because of the difference 
in histopathological markers and patients samples. To 
date, apart from this study, there is no reliably diagnostic 
threshold to detect NASH in the general population.

In the present retrospective study, no statistical difference 
was noted in the levels of LSM between the normal control 
and NAFL groups (P=0.975). Similarly, Suh et al. used 
2D-SWE to study LSM and demonstrated no statistical 
difference between the normal control group and NAFL 
group (P=0.694) (42), suggesting that steatosis would not 
affect LSM of 2D-SWE. These results were consistent with 
findings of Samir et al. study that showed steatosis did not 
correlate with LSM of 2D-SWE (39). However, it cannot 
be ignored that the influence of severe steatosis on LSM, 
because fatty attenuation of severe steatosis may lead to 
2D-SWE measurement failure (24). Nevertheless, some 
literatures had inconsistent conclusions. In some transient 
elastography studies, steatosis has been reported to have 
an effect on LSM of TE (43-45). Takeuchi et al. found the 
median liver stiffness values measured using SWE showed 
a stepwise decrease with increasing hepatic steatosis stage 
(P=0.046) (46). Ogawa et al. also investigated the relationship 
between LSM and histological inflammation score, hepatic 
fibrosis stage, ballooning score, steatosis analyzed by 
SWE in rats with NASH, and found that median liver 
stiffness values measured using SWE showed a stepwise 
increase with increasing steatosis grade (P=0.03) (38).  
However, when discussing the effect of steatosis on LSM, 

the co-existence of inflammation and fibrosis must be 
considered, otherwise more confounding factors will greatly 
affect the results.

One strength of the study is that we consulted 
clinically concerned NAFLD classifications of EASL-
EASD-EASO (5): steatosis with minor inflammation 
is regarded as non-progressive and assigned to the 
NAFL group, rather than early NASH. So we can make 
a more obvious diagnosis between NASH and non-
NASH. Furthermore, we derived threshold to detect 
NASH and stage fibrosis. This result can be used for 
consensus establishment in clinical practice on thresholds 
or strategies for diagnosing NASH and differentiating 
fibrosis stage, or further trying to avoid liver biopsy. In 
addition, we evaluated four fibrosis scoring biochemical 
systems in Chinese population in this study. However, 
th i s  s tudy  has  some l imi ta t ions .  Because  of  the 
retrospective nature of the study, we cannot make sure 
the 2D-SWE measurement and needle biopsy were 
conducted always by the same ultrasonographer. But we 
make sure an same ultrasonographer performed 2D-SWE 
measurement and needle biopsy continuously (at our 
center ultrasound examinations, 2D-SWE measurement 
are routinely performed before needle biopsy). This 
retrospective study was not able to provide information 
on quality of 2D-SWE measurements and failure rate 
of 2D-SWE, since data was pooled only for successful 
2D-SWE readings. Patients in the control group need 
to meet both the indications of liver biopsy and the 
conditions of normal liver background, so the number is 
very limited. For heterogeneous fat deposition, perhaps 
MRE is more advantageous because SWE LSMs can only 
represent stiffness of ROI (47). Larger studies are needed 
to define the effect of these and other confounders and to 
establish 2D-SWE thresholds for various fibrosis stages 
in distinct diffuse liver disease.
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