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ARTICLE INFO ABSTRACT

Keywords: Aim: Patients with type 2 diabetes (T2D) and obesity are at increased risk of metabolic dysfunction-associated
Diabetology steatotic liver disease (MASLD) with advanced fibrosis (AF), requiring systematic non-invasive assessment
x:sﬁD using liver stiffness measurement (LSM) or the ELF test. However, access to these biomarkers remains limited in
Scresening diabetology. We therefore evaluated the diagnostic performance of a new point-of-care ultrasound device,

Hepatoscope, for the risk stratification of AF.

Methods: Participants with T2D and/or obesity and MASLD age 40-80 years, BMI <40 kg/m2 prospectively
included in a multi-centre study (NCT04435054) underwent LSM using vibration controlled transient elastog-
raphy (LSM-VCTE, FibroScan) and 2D-transient elastography (LSM-2DTE) using Hepatoscope version 1 and ELF.
Post-acquisition reprocessing of the LSM-2DTE data using the CE approved version 2 (LSM-2DTE-2) was per-
formed in a subgroup of n = 120 participants. The area under the ROC curve (AUROC) and 95% confidence
interval (CI) were assessed for the detection of intermediate to high-risk of AF, defined by LSM-VCTE > 8 kPa.
Results: Among 294 participants (83.3% T2D, 42.5% female, 71.4% obesity), 24.8% had LSM-VCTE > 8 kPa.
Significant correlation was observed between LSM-VCTE and LSM-2DTE-1 r: 0.37 [0.26-0.47], P < 0.001 and
was higher between LSM-VCTE and LSM-2DTE-2: r: 0.61 [0.47-0.71], P < 0.001. In the subgroup of 120 par-
ticipants, the AUROC (95%CI) of LSM-2DTE-2 for the detection of LSM-VCTE > 8 kPa was 0.81 (0.72-0.89)
compared to 0.64 (0.52-0.75) for ELF.

Transient elastography

Abbreviations: AF, advanced fibrosis; AUROC, area under the receiver operating characteristic curve; BMI, body mass index; B-mode, brightness mode ultrasound;
CAP, controlled attenuation parameter; CI, confidence interval; ELF, enhanced liver fibrosis; FIB-4, fibrosis-4 score; FDA, food and drug administration; HA, hyal-
uronic acid; HCC, Hepatocellular carcinoma; IQR, interquartile range; IQR/M, interquartile range to median ratio; IRB, institutional review board; LREs, liver-related
events; LSM, liver stiffness measurement; 2DTE, two-dimensional transient elastography; MASLD, metabolic dysfunction-associated steatotic liver disease; MASH,
metabolic dysfunction-associated steatohepatitis; MRE, magnetic resonance elastography; MRI, magnetic resonance imaging; NAFLD, nonalcoholic fatty liver disease;
NPV, negative predictive value; PDFF, proton density fat fraction; PIIINP, procollagen III N-terminal peptide; PPV, positive predictive value; QI, quality index;
STARD, standards for reporting diagnostic accuracy studies; TIMP-1, tissue inhibitor of metalloproteinase 1; VCTE, vibration-controlled transient elastography.
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Conclusion: This proof-of-concept study provides evidence supporting the role of LSM-2DTE using the Hepato-
scope in the risk stratification of AF in diabetology settings. Larger studies are needed to validate its performance.

Introduction

Patients with type 2 diabetes (T2D) or obesity are at high risk of
metabolic dysfunction-associated steatotic liver disease (MASLD) [1].
Both T2D and obesity are also known risk factors for the progression
towards metabolic dysfunction-associated steatohepatitis (MASH) and
liver fibrosis, which significantly increases the risk of liver-related
events (LREs) such as hepatocarcinoma (HCC), hepatic decompensa-
tion (ascites, variceal haemorrhage, hepatic encephalopathy or hep-
atorenal syndrome), liver transplant, and liver-related death [2]. Hence,
clinical guidelines from both diabetology and hepatology fields uni-
formly recommend a systematic screening and risk stratification for the
presence of hepatic advanced fibrosis (AF, histological stage F > 3) in
patients living with T2D, or obesity with at least one cardiometabolic
risk factor [1,3-7]. This screening enables to identify asymptomatic
patients with MASLD-related AF requiring specialized care in
hepatology.

The current recommended strategy relies on a two-step approach
using a first line FIB-4 score to rule out AF, followed by a second-line test
if FIB-4 is > 1.30, in order to determine the risk of AF with a higher
diagnostic accuracy. Liver stiffness measurement (LSM) by vibration-
controlled transient elastography (VCTE™, FibroScan®, Echosens,
France) is one of the currently recommended second-line imaging tests
as it has been extensively studied in large population with biopsy-proven
MASLD. Indeed, LSM using VCTE (LSM-VCTE) has a high accuracy (area
under the curve (AUROC > 0.8) for detecting AF [8]. Furthermore,
LSM-VCTE > 8 kPa has been identified as the optimal cut-off for hep-
atology referral as it captured patients with intermediate to high-risk of
AF while a threshold > 12 kPa for LSM-VCTE is associated with a
high-risk of AF [8].

The implementation of this two-step screening strategy is often
limited by the availability and accessibility of medical devices
measuring LSM such as FibroScan, which is mostly available in hep-
atology clinics. Alternative blood-based non-invasive tests such as
Enhanced Liver Fibrosis (ELF™) score are proposed with good diag-
nostic performance in patients with T2D and/or obesity [9], but ELF
utilization is also limited due to the lack of reimbursement in several
health care systems. Hence, there is a crucial need to improve the
availability and accessibility of second-line non-invasive tests measuring
LSM, especially in diabetology and nutrition clinics managing the ma-
jority of patients with at risk MASLD.

The Hepatoscope (E-Scopics, France) is a novel non-invasive ultra-
portable ultrasound-based imaging medical device for the non-invasive
assessment of chronic liver diseases, especially MASLD, and represents a
potential alternative to the use of LSM-VCTE in the screening strategy. It
performs LSM under anatomical image guidance (B-mode), using 50 Hz
two-dimensional transient elastography (2DTE) [10,11]. Hence, this
point-of-care system could be easily used in diabetology and nutrition
clinics for the evaluation of patients with MASLD.

Our main hypothesis was that Hepatoscope’s 2DTE® is a reliable
non-invasive technology for the assessment of MASH-related liver
fibrosis, which can be used as an alternative to LSM-VCTE for the risk
stratification of liver AF in diabetology and nutrition clinics. Therefore,
we performed a clinical investigation aiming at evaluating the diag-
nostic performance of Hepatoscope’s LSM-2DTE for the identification of
intermediate to high risk of AF, requiring referral to hepatology, in pa-
tients with T2D and/or obesity prospectively enrolled in a screening for
MASLD-related AF in diabetology and nutrition clinics.

Patients and methods
Study design and population

“NAFLD-Screen” Screening for NAFLD-related Advanced Fibrosis in
high-risk popuLation in Diabetology: uSe of the HepatosCope point-of-
caRe transiEnt Elastography ultrasouNd was an ancillary study per-
formed in participants prospectively recruited in four departments of
diabetology and nutrition in France (Lyon South, Lyon East, Nantes and
Dijon University Hospitals) between December 2022 and September
2024 in a larger NAFLD-Care study (NCT04435054) [9]. All participants
underwent a standardized research visit including medical history, and
comprehensive metabolic and liver assessment including blood-based
ELF test and LSM-VCTE using FibroScan on the same day. Participants
included in the ancillary NAFLD-Screen study agreed to undergo an
additional LSM-2DTE using the Hepatoscope on the same day. All par-
ticipants provided written informed consent prior to enrolment in the
study. The NAFLD-Screen study was approved by the French IRB Ile de
France XI number 2022-A01527-36. Patients who withdrew consent,
those for whom the FibroScan interquartile range (IQR) was unavai-
lable, or those with an IQR-to-median ratio greater than 0.3 were
excluded from the analyses. The final study sample included patients
with both an LSM-2DTE-1 and a valid LSM-VCTE (Fig. S1; see supple-
mentary materials associated with this article on line).

Inclusion/exclusion criteria

The inclusion and exclusion criteria for the ancillary study NAFLD-
Screen were identical to the main NAFLD-Care Study which have been
previously detailed [9]. Briefly, inclusion criteria were an age between
40 and 80 years, patients with diagnosis of T2D or obesity class I or II
(body mass index (BMI) > 30 kg/m2 and < 40 kg/mz), with hepatic
steatosis determined by conventional abdominal ultrasound, who
agreed to be included in the NAFLD-Screen ancillary study, who signed
the informed consent form and were affiliated to a healthcare insurance
plan.

The exclusion criteria were any other causes of chronic liver disease
than MASLD (such as viral hepatitis B and C, autoimmune hepatitis,
autoimmune cholestatic liver disorders, Wilson disease, alpha-1-
antitrypsin deficiency, hemochromatosis, drug-induced liver disease,
bile duct obstruction, known HIV infection, history of ingestion of
medications known to produce steatosis) and/or excessive use of alcohol
(defined as > 30 g/day for males and > 20 g/day for females) for a
period longer than 2 years at any time over the last 10 years. Patients
with known diagnosis of cirrhosis, with a life expectancy <5 years ac-
cording to the investigator, and/or history of type 1 diabetes were also
excluded.

Clinical assessment

Comprehensive clinical data were collected including demographic
data, blood pressure, anthropometric parameters, medical history and
metabolic co-morbid conditions including dyslipidaemia, hypertension,
diabetes-related complications and anti-diabetes medication. Alcohol
consumption was assessed using the Alcohol Use Disorders Identifica-
tion Test (AUDIT) and Skinner Lifetime Drinking history questionnaires.
Comprehensive laboratory testing including haemoglobin Alc (HbAlc)
and hepatic function panel were performed in local laboratories on the
same day as LSM at fasting state.
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The enhanced liver fibrosis (ELF™)

Fasting patients’ serum samples were collected and kept frozen at
—80 °C until analysis. ELF™ measurements were centrally performed at
the department of Biochemistry in Dijon University Hospital, using the
Atellica® Solution (Siemens Healthineers, USA) according to the man-
ufacturer’s protocol. ELF™ simultaneously measures three biomarkers:
hyaluronic acid (HA), tissue inhibitor of metalloproteinase 1 (TIMP-1),
and procollagen III N-terminal peptide (PIIINP) [9]. A low and high
thresholds of 9.8 and 11.3 were used to rule-in patients with a high
probability of AF [12].

LSM-VCTE® using FibroScan

LSM-VCTE coupled with the measurement of controlled-attenuation
parameter (CAP) were performed with FibroScan® (M Probe; XL Probe;
Echosens, Paris, France) by well-trained health workers according to
previously-described methods who were not blinded from clinical data
and were not involved in LSM-2DTE measurements [13,14] please see
supplemental data for detailed procedure. Technical failure was defined
as the inability to obtain ten valid measurements or as an IQR/M > 30%
[15]. A threshold of > 8 kPa was used to identify patients with inter-
mediate to high risk of AF and a threshold of > 12 kPa was used to
identify patients with a high probability of AF according to the most
recent guidelines [1,3,4,16,17].

LSM-2DTE using Hepatoscope

Hepatoscope is an ultraportable ultrasound system indicated for LSM
(kPa), which uses a unique curvilinear probe for all patients, connected
to a laptop via USB-C cable on, to mechanically induce the propagation
of low frequency (50 Hz) shear waves in the liver in a similar way to
VCTE (Fig. 1), please see supplemental data for detailed procedure. LSM-
2DTE was performed using the first prototype of the non-
commercialized FDA-cleared version (LSM-2DTE-1) of Hepatoscope.
To account for the latest algorithmic developments, per channel data
corresponding to each individual stiffness value was retrospectively re-
processed into LSM-2DTE-2, implemented in the commercialized CE-
marked version of Hepatoscope. However, due to a technical issue in
the data transfer, raw data was only available for 120 participants, for
whom retro-processing was possible.

Clinical indication for liver biopsy
As clinical practice may differ according to different centres, the

study centre agreed to follow a standardized clinical algorithm across all
study centres specified in the study protocol [9]. This clinical algorithm
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Fig. 1. LSM acquisition using Hepatoscope
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was used to determine the indication for a liver biopsy to determine the
stage of liver fibrosis. In case of clinically indicated liver biopsy, the
pathology results were collected in the study database. All the liver bi-
opsies performed in participants enrolled in the
NAFLD-Care/NAFLD-Screen study were centrally reviewed at Lyon
University Hospital by a senior MASH expert pathologist using the NASH
CRN scoring system. The median time between LSM and liver biopsy was
24 weeks.

Magnetic resonance magnetic imaging, including liver fat quantifi-
cation using proton density fat fraction (PDFF) and LSM using magnetic
resonance elastography (LSM-MRE), was performed in a subgroup of
participants. They were proposed to undergo an MRI assessment
randomly depending on slots availability at study sites, using commer-
cially available software and hardware (Resoundant, Inc., Rochester,
MN), please see supplemental data for detailed procedure [9,13]. The
presence of cirrhosis (stage F4) was defined by overt imaging diagnosis
of cirrhosis [18,19] and for patients without overt diagnosis of cirrhosis,
a high threshold > 3,62 kPa was used to rule-in the presence of AF [20].
The median time between LSM and MRI assessment was 3 weeks.

Reference standard

The reference standard use for the primary analyses was the indi-
cation for referral to specialized care in hepatology due to intermediate
to high-risk of AF, which was defined by a valid LSM-VCTE > 8 kPa
according to the current guidelines [1,3-5,7,16].

As secondary analyses, the presence of high-risk for AF defined by a
valid LSM-VCTE > 12 kPa was considered.

Sensitivity analyses

As LSM-VCTE has an excellent NPV to rule-out the risk of AF but have
a lower PPV for the diagnosis of the presence of AF [8], we also assessed
the indication for the referral to specialized care in hepatology using a
composite hierarchical criteria to provide an accurate assessment of the
presence of intermediate to high risk of AF requiring specialized care in
hepatology taking into account the results of the liver biopsy and MRE as
follow [9] :

1. If liver biopsy was performed: high risk of AF was defined by the
presence of histological stage of fibrosis F3 or F4, low risk of AF was
defined by histological stage of fibrosis < F2;

2. If liver biopsy was not performed and MRE available: high risk of
AF was defined by the presence of overt imaging diagnosis of cirrhosis or
LSM-MRE > 3,6 kPa, intermediate-risk of AF was defined by an LSM-
MRE > 2,6 and < 3,6 kPa and low-risk of AF was defined by LSM-
MRE < 2,6 kPa.

3. If a liver biopsy and MRE were not performed: high-risk of AF is

B
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Example of images of real-time B-Mode and region of interest with 2D shear wave elastography using Hepatoscope in patients included in the study. A image of a
participant with low 2DTE-V1 of 4.2 kPa and confirmed with histological liver fibrosis stage F1. B. Image of a participant with high 2DTE-V1 of 26.3 kPa and

confirmed presence of cirrhosis on MRI.
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defined by LSM-VCTE > 12 kPa, intermediate-risk was defined by LSM-
VCTE > 8 and < 12 kPa, and low-risk of AF was defined by LSM-VCTE <
8 kPa.

Statistical analysis

Continuous variables were described by median and interquartile
range; categorical variables were described by the frequency and per-
centage for each category. Comparisons between the population with
available LSM-2DTE-1 and LSM-2DTE-2 were performed using the Chi-
square or Fischer’s exact tests for categorical variables, and non-
parametric Wilcoxon test for continuous variables. Correlation and
agreement between continuous variables were assessed using Spear-
man's correlation coefficient and a Bland-Altman plot, respectively. The
diagnostic performances of LSM-2DTE-2 and ELF for the detection of
participants with risk of AF (defined by the VCTE or by the composite
hierarchical endpoint) were assessed using the area under the empirical
receiver operating characteristic curve (AUROC) with the 95% confi-
dence interval (CI) based on Delong method. The optimal threshold was
determined by Younden Index. Sensitivities and specificities for the
optimal threshold and for predefined thresholds were estimated with
their 95%IC based on the bootstrap method. Thresholds of 2DTE-2 for
fixed specificity or sensitivity at 80% were determined by computing
non-parametric ROC curve to identify the threshold achieving the target
sensitivity. Statistical analyses were performed using R software, version
4.4.1, SPSS Statistics ® Version 23 (SPSS IBM, New York, U.S.A.),
MEDCalc® V23.3.7 and GraphPad Prism version 9.4. All P-values were
two-tailed, and P-values < 0.050 were considered statistically signifi-
cant. The reporting of this study conformed to STARD guidelines is
presented in Table S1; see supplementary materials associated with this
article on line [21].

Results
Baseline characteristics

Among the 308 participants included in the study, 294 participants
with a valid VCTE and a LSM-2DTE-1 were analysed (Fig. S1; see sup-
plementary materials associated with this article on line). Additional
analysis on LSM-2DTE-2, which corresponds to the current commer-
cially available version of the Hepatoscope, was performed in a sub-
group of 120 participants with available raw data, after retro-processing
(Fig. S1; see supplementary materials associated with this article on
line). The LSM-2DTE-1 study population included 83.3% with T2D and
71.4% with class I-II obesity, 42.5% were female, with a median age of
61 years (IQR 53-67). The median BMI was 32.6 kg/m? (IQR
29.4-36.0), the median LSM-VCTE was 6.10 kPa and median LSM-
2DTE-1 was: 5.7 kPa. Among them, 24.8% had and VCTE > 8 kPa and
25.2% had intermediate to high-risk of AF requiring referral in hep-
atology using a composite hierarchical endpoint based upon a liver bi-
opsy for 27 participants, MRE for 55 participants and LSM-VCTE for the
remaining 212 including 178 with LSM-VCTE < 8 kPa (Fig. S2; see
supplementary materials associated with this article on line). The
baseline characteristics of the population with available LSM-2DTE-2
were similar with no statistical difference between the median LSM-
VCTE or the distribution of the risk of advanced fibrosis including
31.7% with VCTE > 8 kPa and 31.7% with intermediate to high risk of
AF requiring referral in hepatology using a composite hierarchical
endpoint based upon a liver biopsy for 19 participants, MRE for 26
participants and LSM-VCTE for the remaining 75 including 59 with LSM-
VCTE < 8 kPa (Table 1, Fig. S2; see supplementary materials associated
with this article on line).

Comparison between LSM using 2DTE and VCTE

LSM-2DTE-1 were significantly correlated with LSM-VCTE:

Diabetes & Metabolism 52 (2026) 101766

Table 1
Baseline characteristics of the study populations with Hepatoscope 2DTE-1
versus 2DTE-2 assessment.

Characteristics LSM-2DTE-1 LSM-2DTE-2 P-value

population population

(n = 294) (n = 120)
Anthropometrics
Age (years) 61.0 (53.3 - 67.0) 60.0 (53.8 - 65.3) 0.333
Female (n, %) 125 (42.5%) 44 (36.7%) 0.323
Clinics
T2D (n, %) 245 (83.3%) 97 (80.8%) 0.641
BMI (kg/m?) 32.6 (29.4 - 36.0) 32.3(29.0 - 35.7) 0.494
Obesity (n, %) 210 (71.4%) 83 (69.2%) 0.734
Blood Chemistry
ASAT (UI/1) 29.0 (23.0 - 38.0) 32.0 (24.0 - 41.0) 0.043
ALAT (UI/1) 32.0 (23.0 - 50.0) 38.0 (23.0 - 54.3) 0.154
GGT (UI/1) 40.0 (28.0 - 70.0) 42.0 (30.0 - 65.5) 0.721
Platelets (G/1) 240.5 (203.0 - 283.0) 251.0 (211.0 - 295.2) 0.121
HbAlc 7.30 (6.20- 8.45) 6.95 (6.03 - 7.88) 0.064
Non-invasive tests
FIB-4 1.34 (0.94 - 1.72) 1.31 (0.98 - 1.57) 0.563
LSM-VCTE (kPa) 6.10 (4.82 - 7.90) 6.80 (4.97 - 8.60) 0.159
ELF 9.24 (8.75 - 9.81) 9.20 (8.68 - 9.76) 0.591
XL probe (n,%) 122 (41.5%) 35 (29.2%) 0.025
LSM-2DTE-1 (kPa) 5.70 (4.50 - 7.47) 6.75 (5.38 - 9.50) <

0.001
LSM-2DTE-2 (kPa) NA 7.18 (6.01 - 10.09) NA
CAP (dB/m) 305.0 (273.0 —342.0) 301.50 (265.00 - 0.426
334.25)

Risk stratification for advanced fibrosis
LSM-VCTE > 8kPa 73 (24.8) 38 (31.7) 0.193
Comporsite criteria for advanced fibrosis liver biopsy/MRE/VCTE) 0.371
low risk 220 (74.8) 82 (68.3)
Intermediate risk 42 (14.3) 23(19.2)
high risk 32(10.9) 15 (12.5)

Spearman correlation r (95% confidence interval (CI): 0.37 [95%CI:
0.27-0.47], P < 0.001 (Fig. 2A). The correlation between LSM-2DTE-2
and LSM-VCTE was higher: 0.61 [95%CIL: 0.49-0.71], P < 0.001
(Fig. 2B). No significant bias was observed between LSM-2DTE-1 or
LSM-2DTE-2 and LSM-VCTE as shown by the Bland-Altman analysis
(Fig. 2C-D).

LSM-2DTE-2 diagnostic performance for the detection of patient at risk for
AF

The diagnostic performance of LSM-2DTE-2 was assessed in a sub-
group of 120 participants with available data. The AUROC of LSM-
2DTE-2 for the detection of LSM-VCTE > 8.0 kPa was 0.81 (95% Con-
fidence Interval (CI): 0.72-0.89) (Fig. 3A). The optimal threshold of
LSM-2DTE-2 was similar 8.0 kPa (Table 2). The AUROC using the
composite endpoint for the detection of patient at risk of AF was lower
0.75 (95%CI: 0.65-0.84) with a higher optimal threshold of 8.7 kPa
(Fig. 3B, Table 2). Compared to LSM-2DTE-2, the AUROC of ELF™ for
the detection of both LSM-VCTE > 8 kPa and composite endpoint were
lower: 0.64 (95% CI: 0.52-0.75) and 0.68 (95% CI: 0.58-0.79),
respectively (Fig. 3A-B, Table 2).

LSM-2DTE-2 diagnostic performance for the detection of high-risk of AF

The AUROC of LSM-2DTE-2 for the detection of LSM-VCTE > 12 kPa
was 0.81 (95% Confidence Interval (CI): 0.66-0.96) (Fig. 3C). The
optimal threshold of LSM-2DTE-2 for the detection of LSM-VCTE was
10.7 kPa with a slightly higher sensitivity compared to the pre-specified
threshold of 12 kPa: 85.3% versus 54.5%, respectively (Table 3). The
AUROC using the composite endpoint for the detection of high-risk of AF
was higher 0.84 (95%CI: 0.73-0.95) with an optimal thresholds of 9.4
kPa (Fig. 3D, Table 3). Compared to LSM-2DTE-2, the AUROC of ELF for
the detection of both LSM-VCTE > 12 kPa was lower: 0.71 (95% CI:
0.51-0.92), but similar for the detection of high-risk of AF: 0.84 (95%
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Spearman correlation between LSM-VCTE and A. LSM-2DTE-1 and B. LSM-2DTE-2 in a subgroup of 120 participants. Bland-Altman plot of the difference of C. LSM-

2DTE-1 and LSM-VCTE and D. LSM-2DTE-2 and LSM-VCTE.
CI: 0.72-0.95), respectively (Fig. 3C-D, Table 3).
Discussion

Main findings

In this proof-of-concept ancillary investigation of a prospective
multicentre study, we report good diagnostic performance of the novel
point-of-care device Hepatoscope’s LSM-2DTE for identifying patient at
risk for AF who require specialized care in hepatology, following a
systematic screening in diabetology and nutrition clinics. This investi-
gation of the diagnostic performance of LSM-2DTE using the Hepato-
scope compared to LSM-VCTE indicates that it could be used as an
alternative to LSM-VCTE in the recommended two-step screening
strategy for the risk stratification of AF. In addition, LSM-2DTE exhibi-
ted a higher AUROC than ELF™ for identifying patients who require
referral to hepatology for specialized care.

In context with published literature

This is the first clinical investigation assessing the use of LSM-2DTE
using the Hepatoscope in patients with T2D and/or obesity and MASLD
in diabetology and nutrition departments

A strong correlation between LSM-2DTE and LSM-VCTE have been
previously reported in Mexican-origin adults from a variety of
community-based settings in Southern Arizona [10] and in a prospective
cross-sectional study performed in 100 patients with chronic liver dis-
eases from diverse aetiologies [11]. This later study also reported a good
intra- and inter-user repeatability of LSM-2DTE [11]. Interestingly, the
optimal threshold of LSM-2DTE-2 in our study was 8.04 kPa for the
identifying patients at risk of AF. This suggests that LSM-2DTE-2 can be
used as an alternative to LSM-VCTE using the same recommended
threshold of > 8 kPa. Furthermore, LSM-2DTE-2 had a higher AUROC

compared to ELF™ for the detection of patients at risk of AF which
confirms previous larges studies reporting that ultrasound-based
markers such as LSM-VCTE outperform ELF™ for the detection of pa-
tients at risk of advanced fibrosis [22,23]. However, the AUROC of
ELF™ and LSM-2DTE-V2 were similar for the detection of high-risk for
advanced fibrosis using the composite hierarchical endpoint including,
liver biopsy, MRE or LSM-VCTE. This indicates that both ELF™ and
LSM-2DTE have good diagnostic accuracy for identifying patient with
highest risk of advanced fibrosis.

Strengths and limitations

The main strength of our study relies on the prospective head-to-
head comparison of the diagnostic performance of the novel LSM-
2DTE and currently recommended LSM-VCTE and the alternative pro-
posed patented blood-based biomarker ELF. All participants underwent
a comprehensive liver assessment for the risk stratification of MASLD-
related AF and the LSMs (2DTE and VCTE) were performed on the
same day under identical condition. Likewise, ELF™ assessment was
performed using fasting serum collected on the same day of LSMs, which
limits measurement bias, temporal variability and potential confound-
ing factors.

The use of LSM-VCTE as the reference standard in this study limits
the ability to determine the diagnostic accuracy for the detection of
biopsy-proven advanced fibrosis which remain the gold standard for the
precise determination of liver fibrosis stages. However, it would have
been unethical to perform a liver biopsy in the overall study population
as the majority of the population screened in diabetology clinics exhibit
low risk for advanced fibrosis including a majority (75%) of participants
with low LSM-VCTE < 8 kPa. However, as the LSM-VCTE can be
considered as an imperfect gold standard mainly limited by potential
false positive cases, we used of a secondary composite endpoint enables
to provide sensitivity analyses which confirm the good diagnostic
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Fig. 3. AUROC of 2DTE-2 for the detection of AF
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using a composite endpoint.

Table 2

LSM-2DTE-V2
ELF

LSM-2DTE-V2
ELF

Diagnostic performance of 2DTE-V2 and ELF for the detection of intermediate to

high risk of AF requiring referral in hepatology.

AUROC  (95%CI) Threshold Sensitivity % Specificity
(95%CI) %
(95%CI)
VCTE > 8kPa
2DTE- 0.81 0.72-0.89  Optimal: 68.4 (NA) 78.0 (NA)
V2 8.04 kPa
Fixed 80.0 (NA) 56.1
sensitivity (41.5-78.0)
80%: 6.8 kPa
Fixed 65.8 80.0 (NA)
specificity (47.4-84.2)
80%: 8.3 kPa
> 8kPa 68.4 75.6 (64.9 -
(51.3-82.5) 84.4)
ELF™ 0.64 0.52-0.75 >9.8 43.2 84.1
(27.1-60.5) (74.4-91.3)
Composite criteria : (liver biopsy/MRE/VCTE)
2DTE- 0.75 0.65 - Optimal: 57.9 (NA) 79.3 (NA)
V2 0.84 8.7 kPa
Fixed 80.0 (NA) 53.7
sensitivity (39.0-71.9)
80%: 6.8
Fixed 55.3 80.0 (NA)
specificity (36.8-71.0)
80%:
8.9 kPa
> 8kPa 63.2 73.2 (62.2-
(46,0-78,2) 82.4)
ELF™ 0.68 0.57-0.79  >9.8 44.7 85.2
(28.6-61.7) (75.6-92.1)

performance of LSM-2DTE for the identification of patient at risk of AF
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0.50

specificity

LSM-2DTE-V2
ELF

LSM-2DTE-V2

- ELF

Diagnostic performance of 2DTE-V2 and ELF for the detection of high-risk of AF.

AUROC  (95%CI) Threshold Sensitivity %  Specificity %
(95%CI) (95%CI)
VCTE > 12kPa
2DTE- 0.81 0.66-0.96 Optimal: 10.7 85.3 (NA) 72.7 (NA)
V2 kPa
Fixed 80% (NA) 67.9
sensitivity (25.7-90.8)
80%: 8.0 kPa
Fixed 72.7 80% (NA)
specificity (41.8-90.9)
80%: 10.2
kPA
> 12kPa 54.5 91.7
(23.4-83.3) (84.9-96.2)
ELF™ 0.71 0.51 - >11.3 9.1 100
0.92 (0.2-41.3) (96.6-100)
Composite criteria: (liver biopsy/MRE/VCTE)
2DTE- 0.84 0.73-0.95 Optimal: 9.4 80.0 (NA) 79.0 (NA)
V2 kPa
Fixed 80.0 (NA) 79.0
sensitivity (35.2-94.3)
80%: 9.4 kPa
Fixed 73.3 80 (NA)
specificity (40.0-93.3)
80%: 9.6 kPa
>12.0 kPa 53.3 93.3
(26.6-78.7) (86.7-97.3)
ELF™ 0.84 0.71-0.95 >11.3 6.7 100
(0.2-31.9) (96.5-100)

while minimizing potential false positive cases with VCTE > 8 kPa.
Importantly, as clinical practice may differ according to different
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centres, the study centre agreed to follow a standardized clinical algo-
rithm across all study centres specified in the study protocol using and
LSM-VCTE threshold fixed at 7 kPa which further limits selection bias
[9].

However, the study population excluded patients with class III
obesity in which LSM-VCTE has been reported to be difficult to perform
and less reliable [13,24]. Whether LSM-2DTE encounters the same
limitation is unknown and would need to be assessed in a dedicated
investigation. In addition, due to a technical issue with data transfer, the
re-processing of LSM-2DTE-1 into LSM-2DTE-2, currently implemented
in the commercial CE-marked version of the Hepatoscope, was available
only for a subset of the initial study population. However, there were no
statistical differences in the baseline characteristics between the 2DTE-1
and 2DTE-2 groups except for the median LSM-2DTE-1, suggesting that
the LSM-2DTE-2 subset remains representative of the population
enrolled in the study and is potentially generalizable to the usual pop-
ulation screened in diabetology and nutrition clinics. However, we
acknowledge that we cannot exclude non-random selection bias and that
the analysis performed in the LSM-2DTE-2 population may lack of sta-
tistical power to determine to precise diagnostic performance of
LSM-2DTE-2 for the risk stratification for AF. Hence, larger independent
studies are needed to further validate this proof-of-concept findings.

We also acknowledged some limitation in the analyses of the optimal
threshold of LSM-2DTE. The Youden index identifies the threshold that
maximizes sensitivity and specificity by assuming equal weighting of
false positives and false negatives. Because it does not account for dis-
ease prevalence, it effectively optimizes performance in a context where
the two outcome classes are balanced. Therefore, the thresholds for fixed
specificity or sensitivity at 80% were also provided in order to better
inform the clinicians on the use of LSM-2DTE depending on the clinical
context and desired sensitivity or specificity. However, further studies,
in larger population are needed to better define the optimal threshold of
LSM-2DTE for the detection of AF.

Clinical impact and future direction

Given the large population affected by MASLD worldwide, including
its high prevalence among patients with T2D or obesity, wide avail-
ability of non-invasive tests for detecting patients at risk for advanced
fibrosis is crucial for implementing care pathways and ensuring optimal
patient management. This is all the more important as patients can
benefit from optimization of anti-diabetes, or anti-obesity medication
which improves MASLD [1,5,6]. Patients may also benefit from
approved therapies for fibrotic MASH, such as resmetirom or semaglu-
tide 2.4 mg weekly [25,26]. In addition, initiation and monitoring of
these approved therapies rely on LSM-VCTE, which further reinforces
the clinical need for widely available and affordable LSM within
healthcare systems [25,26]. LSM-2DTE using the Hepatoscope could
represents a reliable alternative to LSM-VCTE as it combines the 50 Hz
vibration for shear wave generation similarly to VCTE, with the
two-dimensional estimation of the propagation, enabling liver stiffness
imaging with the advantage of a real-time assessment of the quality of
each individual measurement. Finally, it can be processed by
off-the-shelf mobile platforms, making this technology affordable and
easily deployable anywhere, thereby ensuring broad availability and
supporting the implementation of effective care pathways. The Hep-
atoscope can also provide quantitative ultrasound measurements for the
assessment of steatosis-related parameters, and further investigations
are needed to evaluate the diagnostic performance of these non-invasive
tests for hepatic steatosis and cost-effectiveness compared to LSM-VCTE
or ELF, which are beyond the scope of this study.

In conclusion, the study provides evidence that LSM measured with
2DTE, available on a novel point of care device the Hepatoscope has an
utility for the risk stratification of AF in diabetology setting. Hence, LSM-
2DTE represent an interesting alternative to LSM-VCTE and its diag-
nostic performance will need to be further confirmed in larger
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prospective studies in order to determine the optimal thresholds and
validate its clinical utility in various clinical settings.

Appendix supplementary material

Supplementary materials (Figs. S1-S2 and Table S1) associated with
this article can be found at http://www.scincedirect.com at doi ...
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