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Abstract

Purpose To compare point shear wave elastography (pSWE, ElastPQ®) and transient elastography (TE) with Liver Biopsy
in order to evaluate fibrosis stage in non-alcoholic fatty liver disease (NAFLD).

Methods Our prospective study from September 2017 to October 2020 included 50 consecutively enrolled patients with
NAFLD (52.2 +13.0 years, 32 male). All patients underwent clinical evaluation, B-mode ultrasound, pSWE, TE and liver
biopsy in a single evaluation. The clinical, laboratory and liver biopsy data were compared with liver stiffness (LS) measure-
ment obtained with pSWE and TE. TE and pSWE diagnostic accuracy for the diagnosis of the different fibrosis stages were
evaluated using the area under receiver operating characteristic curve (AUROC).

Results Only fibrosis stage was independently associated with TE and pSWE. The median liver stiffness measurement for
fibrosis stages FO, F1, F2, F3, and F4 using TE was 4.8 (4.7-6.1) kPa, 5.5 (4.4-7.3) kPa, 7.7 (6.1-9.1) kPa, 9.9 (8.8-13.8)
kPa, and 20.2 kPa, respectively. The corresponding median liver stiffness measurement using pSWE was 4.2 (4.0-4.8) kPa,
4.7 (4.2-5.8) kPa, 5.1 (4.1-6.9) kPa, 8.5 (5.2-13.3), and 15.1 kPa, respectively. The AUROC of TE for diagnosis of fibrosis
stage F1,>F2,>F3, and F4 were 0.795, 0.867, 0.927, and 0.990, respectively. The corresponding AUROC of pSWE was
0.717, 0.733, 0.908, and 1.000, respectively. No association was observed with other histological parameters.

Conclusion TE was significantly better than pSWE for the diagnosis of fibrosis stage >F2. No statistically significant dif-
ferences were found between TE and pSWE AUROC of fibrosis stage > F1,>F3, and F4.

Keywords Point shear wave elastography - Transient elastography - Liver stiffness - Non-alcoholic fatty liver disease -
Liver biopsy

Introduction

Non-alcoholic fatty liver disease (NAFLD) is increasingly
recognized as the most common form of chronic liver dis-
ease worldwide and is defined as the presence of 5% of
hepatic steatosis (HS), in the absence of competing liver dis-
ease aetiologies, such as chronic viral hepatitis [1]. NAFLD
is divided into two major subtypes: non-alcoholic fatty liver
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(NAFL, also termed simple steatosis), and NASH (non-alco-
holic steatohepatitis), the progressive form of NAFLD that
can lead to cirrhosis, hepatocellular carcinoma (HCC) and
liver-related mortality that is characterized by the presence
of steatosis, ballooning degeneration and lobular inflamma-
tion [2]. The most accurate estimation of the global preva-
lence of NAFLD is 24-25% of the general population, a
figure reported for the first time in Italy by the Dionysos
study [3] and recently confirmed by Younossi [1, 4]. Liver
biopsy was typically performed in chronic liver disease with
the aim to assess liver fibrosis, and it is required for the diag-
nosis of NASH. However, the invasiveness of the procedure
entail risk for the patient [5, 6]. In patients with NAFLD is
important to know the degree of liver disease, and surrogate
markers of fibrosis (NFS, FIB-4, ELF or FibroTest) should
be used for every patient, in order to rule out significant
fibrosis (F>2).
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If significant fibrosis cannot be ruled out with other
methods, patients should be referred to a liver evaluation
with transient elastography (TE) [7]. Several studies about
TE were reported in NAFLD and NASH. Wong et al. com-
pared TE with liver biopsy in 246 consecutive patients with
NAFLD and revealed 91% sensitivity and 75% specificity
for predicting severe fibrosis (F > 3), using a cut-off value of
7.9 kPa [8]. A recently developed method for liver stiffness
assessment is point Share Wave Elastography (pSWE). It
is already standardized to use in other chronic liver disease
[9, 10], although to date only few pSWE studied were per-
formed in NAFLD and NASH [11, 12].

TE is used for liver stiffness measurement. An automated
movement of a piston, which is also a disc-shaped ultra-
sound transducer, applies a single push to the body surface
with controlled applied force. The transient shear defor-
mation created in this way propagates into the tissue. Its
near constant speed for about 4 cm in the liver is measured
by a straight line automatically fitted to the displacement
M-mode, obtained by processing the ultrasound radio fre-
quency echo signal versus time, and then generating val-
ues in kPa. In pSWE method the shear-wave is generated
using a probe and its arrival time at nearby A-lines is meas-
ured to provide the average shear-wave speed between two
points bounded by a measurement region of interest (ROI).
The speed can be measured to depths of about 8 cm and is
reported in units of ms~! or converted to Young’s modulus
in kPa. Although ultrasound imaging is used to guide place-
ment of the ROI, no elasticity images are produced [9].

Materials and methods

Between September 2017 and October 2020 50 adult patients
with NAFLD diagnosis were prospectively enrolled in our
hospital. Diagnosis of NAFLD was achieved on the basis
of ultrasound fatty liver characteristics, and excluding all
the other evaluable etiologies of chronic liver disease. HCV
and HBV patient were excluded; patient’s informed consent
was obtained. Each patient was evaluated with demographic,
anthropometric, clinical and laboratory data, b-mode ultra-
sound, point Shear Wave Elastography, Transient Elastog-
raphy, and then on the same day underwent liver biopsy. All
patients were studied after fasting for at least 6 h.
Conventional ultrasonography (US) of the liver was
performed to evaluate echogenicity of liver parenchyma.
TE (Fibroscan Echosense® 402) was performed in fasting
patient with M probe by a single operator (G S B) with over
10 years experience. A TE examination was recognized as
adequate if there were > 10 acceptable assessment and reli-
able if the interquartile range (IQR)/median for liver stiffness
measurement was <30% or if the liver stiffness measure-
ment was < 7.1 kPa when the IQR/median was > 30%. When
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less than ten acceptable evaluations were attained after 30
attempts an examination was regarded as unsuccessful. XL
probe was used after failed evaluation with the M probe,
and successful XL probe examinations were included in the
analysis [13]. pSWE (ElastPQ® Philips healthcare Affin-
ity® 70) measurements were performed by a single radiolo-
gist (G A) with over 10 years experience. In all patients,
measurements were taken on the same day of TE and before
liver biopsy. Patients were evaluated in the supine position,
at least 1.5-2 cm beneath the right liver capsule in order
to avoid reverberation artefact and away from the intrahe-
patic vessels and the gallbladder [14]. When the elasticity
imaging mode was selected, the patient held the breath
for 3—5 s. When the target area was located, the operator
initiated the SWE sequence measurements. A rectangular
quantitative sampling frame with a diameter of 10 mm was
used to evaluate the region of interest. Mean speed values
were calculated on the basis of 10 measurement and the
software automatically calculated the median elastic modu-
lus (Young’s modulus) in kPa within the region of interest
[9]. For both methods the operators had an adequate train-
ing period respecting the learning curve. Ultrasound guided
liver biopsy was performed using 18G BioPince™ (Argon
Medical Devices, Athens, Texas, USA) and was analyzed by
pathologists of our institute that were blinded to US. Liver
biopsy was performed in the same segments of liver elas-
tography assessment. The adequate liver specimen criteria
were defined as follows: >20 mm in length and > eight portal
tracts [15]. Histopathological findings were reported accord-
ing to the Non-Alcoholic Steatohepatitis Clinical Research
Network Scoring System [16]. Steatosis, lobular inflamma-
tion, and ballooning with or without fibrosis defined NASH.
Fibrosis stages were: FO =no fibrosis, F1 = perisinusoidal
fibrosis, F2 = perisinusoidal with portal/periportal fibrosis,
F3 =bridging fibrosis, and F4 =cirrhosis.

Statistical analysis

Continuous and categorical variables were presented as
mean + standard deviation and as absolute figures, respec-
tively. Univariate and multivariate linear regression analyses
were performed in order to assess the existence of independ-
ent factors associated with TE and pSWE. The area under
receiver operating characteristic curve (AUROC) using
four sets of examinations was performed in order to assess
diagnostic accuracy for TE and pSWE for the diagnosis of
fibrosis stages. AUROC 0.90-1.00 was assesses as excel-
lent, 0.80-0.90 good, 0.70-0.80 fair, and lower than 0.70 as
poor. The liver stiffness value that yield the highest sum of
sensitivity and specificity for the diagnosis of each specific
fibrosis stage was assumed as the optimal cut-off. On the
basis of this optimal cut-off for each specific fibrosis stage
were evaluated sensitivity, specificity, positive predictive
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value, and negative predictive value of liver stiffness meas-
urement for the diagnosis of that particular fibrosis stage.
A p value <0.05 was considered statically significant. All
statistical analyses were performed using MedCalc Software
v. 15.8 (Ostend, BEL).

Results

Patient characteristics and clinical and histological data are
shown in Table 1.

Liver biopsy length and numbers of portal tracts were
adequate in all patients.

Liver stiffness measurement according to fibrosis stages
were the follows: the median liver stiffness measurement
for fibrosis stages FO, F1, F2, F3, and F4 using TE was 4.8
(4.7-6.1) kPa, 5.5 (4.4-7.3) kPa, 7.7 (6.1-9.1) kPa, 9.9
(8.8-13.8) kPa, and 20.2 kPa, respectively. The correspond-
ing median liver stiffness measurement using pSWE was
4.2 (4.0-4.8) kPa, 4.7 (4.2-5.8) kPa, 5.1 (4.1-6.9) kPa, 8.5
(5.2-13.3), and 15.1 kPa, respectively.

Accuracy of transient elastography and point shear
wave elastography for the diagnosis of the different fibro-
sis stages were evaluated. The AUROC, optimal cut-off,
sensitivity, specificity of TE and pSWE for the diagnosis
of fibrosis stages >F1 (p=0.252),>F2 (p =0.035),>F3
(p=0.734), and F4 (p =0.479) are shown in Table 2. All
patients had pSWE measurements that were obtained with
an IQR/M <30%. As regards transient elastography the XL
probe was used in 17 (34%) patients.

A statistically significant difference between the two
methods showed that TE was better than pSWE for the
diagnosis of fibrosis stage > F2. No statistically significant
differences were found between TE and pSWE AUROC of
fibrosis stage > F1,>F3, and F4.

The AUROC of TE and pSWE for the diagnosis of fibro-
sis stage > F1 (Fig. 1),>F2 (Fig. 2),>F3 (Fig. 3), and F4
(Fig. 4) are shown.

Biochemical data about all patients were acquired, and no
patient had ALT or AST > 5 times the upper limit of normal,
but no associations were observed with other histological
parameters.

Discussion

Liver biopsy is the gold standard for the diagnosis of NASH
and is the only procedure that reliably differentiates NAFLD
from NASH. The aims of non-invasive markers are: predict
treatment response, identify severe NASH and monitor dis-
ease progression without complications of liver biopsy.
EASL-EASD-EASO Clinical Practice Guidelines
recommends using TE as non-invasive method for
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Table 1 Characteristics of the study population
Age, years 522+13.0
Male, n (%) 32 (64)
Body mass index, kg/m? 29.4+4.1
Overweight or obesity, n (%) 45 (90)
Hypertension, n (%) 19 (38)
FBS, mmol/L 5.3(5.1-5.5)
Triglyceride, mmol/L 3.6 (3.14.1)
Total cholesterol, mmol/L 4.6 (4.3-4.9)
HDL, mmol/L 1.7 (1.4-1.9)
LDL, mmol/L 2.2(1.9-2.4)
ALT, TU/L 61 (52-69)
AST, IU/L 34 (29-40)
GGT, IU/L 64 (52-77)
Liver biopsy length, mm 19 (18-20)
Number of portal tracts 12 (11-14)
NASH, n (%) 34 (68)
Steatosis, n (%)
S0 1 (2
S1 31 (62)
S2 8 (16)
S3 10 (20)
Lobular inflammation, n (%)
0 16 (32)
1 25 (50)
2 9 (18)
3 0(0)
Ballooning, n (%)
0 36 (72)
1 12 (24)
2 24
Fibrosis, n (%)
FO 21 (42)
F1 6 (12)
20 15 (30)
F3 6 (12)
F4 24

FSB Fasting blood sugar (normal range 3.9 mmol/L-5.6 mmol); HDL
High density lipoproteins; LDL Low density lipoproteins; ALT Ala-
nine-aminotransferase (normal value <40 U/L); AST, Aspartate-ami-
notransferase (normal value <40 U/L); GGT Gamma-glutamyl trans-
ferase (normal value <48 U/L); NASH Non-alcoholic steatohepatitis

identification of cases at low risk of advanced fibrosis/
cirrhosis. There is no consensus about the use of TE in
combination with biomarkers in order to evaluate patients
who have high risk of advanced fibrosis/cirrhosis. Conse-
quently, it is necessary to assess new methods, and pSWE
is a promising tool [7].

In the management of patients with NAFLD is possible
to avoid liver biopsy when surrogate markers (NFS, FIB-
4, ELF or FibroTest) could rule out significant fibrosis
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Table2 The AUROC, optimal cutoff, sensitivity, specificity, PPV, and NPV of TE and pSWE for the diagnosis of steatosis

grade >F1,>F2,>F3, and F4

TE >F1 >F2 >F3 F4

N 29 23 8 2

AUROC (95% CI) 0.795 (0.657-0.896) 0.867 (0.741-0.946) 0.927 (0.817-0.981) 0.990 (0.910-1.000)
Optimal cutoff, kPa 5.20 5.30 8.75 14.60

Sensitivity, % 89.66 95.65 87.50 100.00

Specificity, % 66.67 62.96 85.71 97.92

pSWE >F1 >F2 >F3 F4

AUROC (95% CI) 0.717 (0.572-0.835) 0.733 (0.589-0.848) 0.908 (0.792-0.971) 1.000 (0.929-1.000)
Optimal cutoff, kPa 4.23 4.63 7.39 14.20

Sensitivity, % 82.76 7391 87.50 100.00

Specificity, % 57.14 62.96 88.10 100.00

p value for AUROC between  0.2521 0.0356 0.7343 0.4795

TE and pSWE

The number of patients with FO fibrosis was 21, F1 fibrosis was 6, F2 fibrosis was 15, F3 fibrosis was 6, and F4 fibrosis was 2. Optimal cutoff is
the kPa value that provided the greatest sum of sensitivity and specificity for estimation of fibrosis stage equal to or greater than the respective
stage. AUROC Area under receiver operating characteristic curve; CI Confidence interval; pSWE, Point shear wave elastography; TE Transient

elastography

Sensitivity

100-Specificity

Fig.1 ROC curves for TE and pSWE for the diagnosis of fibrosis
stage >F1

(F>2). If significant fibrosis cannot be ruled out, patients
should be referred to a liver clinic for TE study [7].

Furthermore, some studies suggest that non-invasive
methods in patients suspected of having NAFLD can be
used in order to select patients who may benefit from liver
biopsy. In fact, patients with a liver stiffness value lower
than 6 kPa have none or minimal fibrosis and can be moni-
tored non-invasively [5].
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Fig.2 ROC curves for TE and pSWE for the diagnosis of fibrosis
stage > F2

We found that pPSWE was poor for the diagnosis of fibro-
sis stage > F1, fair for the diagnosis of fibrosis stages >F2
and excellent for fibrosis stage > F3 and F4, whereas TE was
fair for the diagnosis of fibrosis stages >F1, good for the
diagnosis of fibrosis > F2, and excellent for > F3 and F4. Our
study showed that TE was significantly better than pSWE
for the diagnosis of fibrosis stage > F2. However, statisti-
cally significant differences were not found between TE and
pSWE AUROC of fibrosis stage > F1, >F3, and F4.
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Fig.3 ROC curves for TE and pSWE for the diagnosis of fibrosis
stage >F3
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Fig.4 ROC curves for TE and pSWE for the diagnosis of fibrosis
stage F4

To the best of our knowledge, only few published stud-
ies evaluated TE, pSWE and liver biopsy in patients with
NAFLD [11, 17-21]. However, some of these studies
assessed patients with various etiologies of chronic liver
disease including NAFLD [17, 22]. Moreover, some pre-
vious studies used different techniques such as Supersonic
Imaging and Virtual Touch Quantification. In our study,

acoustic radiation force impulse (ARFI) was used in order
to stimulate the liver tissue and to generate shear waves that
propagate into the liver.

Only a previous study clearly showed that TE was sig-
nificantly better than pSWE for the diagnosis of fibrosis
stage > F2 and > F3, similarly to our data [11]. However,
one of the strengths of our study is that all the biopsied
liver specimens conformed to international standards for
adequacy, which was not the case for the study by Leong
et al. despite their samples being deemed subjectively ade-
quate by the pathologist. Furthermore, the patient popula-
tion in Leong et al. study showed a higher mean fast blood
glucose, hypertension and fibrosis prevalence. Therefore,
the two study populations are not similar, and the results
could not be comparable. Our optimal cut off values were
4.23 and 4.63 kPa, respectively, for the diagnosis of fibro-
sis stages > F1 and > F2 with pSWE method, and 5.20
and 5.30 kPa, respectively, for the diagnosis of fibrosis
stages > F1 and > F2 with TE. This values are lower than
the ones obtained by Leong et al. probably due to the fact
that in our population many patients (42%) had a FO fibrosis
stage and only few patients (4%) had F4 fibrosis.

Observing AUROC curves in Lee et al. study it seems
that ARFI showed lower performance for the diagnosis of
fibrosis stage > F2. However, patients mean body mass index
in Lee et al. study is lower than in our study (27.1 vs. 29.1);
therefore, the study populations are different [18].

For the diagnosis of significant fibrosis (> F2) Cassinotto
et al. reported that TE had a better diagnostic performance
than ARFI; however, this difference was not statistically
significant [19]. Similarly, for the diagnosis of severe fibro-
sis and cirrhosis Friedrich-Rust et al. showed a lower but
not statistically significant ARFI AUROC than TE AUROC
[20].

On the contrary, for the diagnosis of significant fibrosis
(=F2) in obese patients Attia et al. reported a better ARFI
performance compared to TE one. However, no significant
difference was detected between liver stiffness measurement
using ARFI and TE for the diagnosis of fibrosis stage > F3
and >F4 in overweight and obese patients. In this study, a
Virtual Touch Tissue Quantification technique was used;
therefore, the authors argue that the different results between
their study and this one could be justified by the use of dif-
ferent techniques [21].

In a recent meta-analysis Selvaraj et al. showed accept-
able diagnostic accuracy for advanced fibrosis and cirrhosis
for both pSWE and TE in adult patients with NAFLD [23].

Finally, Lafebvre et al. reported no significant differences
in AUROCSs between TE and pSWE for the diagnosis of
fibrosis stages > F1,>F2,>F3 and F4 [22].

The current study has some limitations. It is a single-
institution analysis, with a limited number of patients, par-
ticularly with fibrosis stages > F3 and F4. Moreover, pSWE
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inter-observer variability was not evaluated. However, very
few studies were published in this field. What is more, a
strength of this study was that all the biopsied liver speci-
mens conformed to international standards for adequacy.
In conclusion, our study indicates that TE is significantly
better than pSWE in the diagnosis of advanced fibrosis in
patients with NAFLD; therefore, TE could be used in asso-
ciation with other non-invasive methods in these patients.
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