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ABSTRACT

Background & Aims: Transient elastography (TE) is routinely undertaken for non-invasive assessment of liver fibrosis and ste-
atosis, but is limited by its bulky design, inadequate imaging guidance and conventional algorithmic framework. Thus, we report
a real-time B-mode image-guided, artificial intelligence-assisted, point-of-care TE (AI-POC-TE) system, providing simultane-
ous liver stiffness measurement (LSM) and a novel multi-domain attenuation parameter (MAP) for fat quantification. We aimed
to determine the accuracy of LSM and MAP in diagnosing histology-confirmed fibrosis and steatosis in patients with chronic
liver disease. Exploratory analyses assessed the minimum number of measurements required.

Methods: This prospective study included 138 patients who underwent liver biopsy and AI-POC-TE simultaneously, and diag-
nostic performance was evaluated by area under the receiver operating characteristic curve (AUROC). Another larger cohort of
1455 patients was examined to benchmark AI-POC-TE against conventional TE (Fibroscan).

Results: LSM by AI-POC-TE identified patients with fibrosis with AUROCs of 0.79 for >F2, 0.79 for >F3, 0.97 for F4.
Corresponding Youden's cut-offs were 8.2, 9.1 and 14.4kPa. MAP detected steatosis of >S1, >S2, S3 with AUROCS of 0.92,
0.70, 0.76 and Youden's cut-offs were 244, 278 and 294 dB/m, respectively. Among 1455 patients using both TE techniques, liver
stiffness was highly correlated (r=0.86) and MAP also correlated well with CAP (r=0.80). Fewer than 10 measurements suffice
to maintain accuracy; four measurements were statistically non-inferior to the standard 10, supporting a streamlined protocol.

Abbreviations: Al artificial intelligence; AI-POC-TE, artificial intelligence-enabled point-of-care transient elastography; APRI, aspartate aminotransferase-to-
platelet ratio index; ATI, attenuation imaging; AUROC, area under the receiver operating characteristic curve; BMI, body mass index; CAP, controlled attenuation
parameter; CI, confidence interval; CLD, chronic liver disease; HSI, hepatic steatosis index; ICC, intraclass correlation coefficient; IQR, interquartile range; LSM, liver
stiffness measurement; MAP, multi-domain attenuation parameter; MASLD, metabolic dysfunction-associated steatotic liver disease; NFS, NAFLD fibrosis score;
POCUS, point-of-care ultrasound; RF, radiofrequency; ROC, receiver operating characteristics; ROI, region of interest; SCD, skin-liver capsule distance; TE, transient
elastography; USG-LSM, ultrasonography-guided liver stiffness measurement.
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Conclusion: We found AI-POC-TE to accurately assess fibrosis and steatosis, comparable to conventional TE but with added

values of portability, B-mode guidance and deep learning-based analytics.

1 | Background

Chronic liver disease (CLD) and cirrhosis account for approx-
imately 2 million deaths worldwide each year [1]. Metabolic
dysfunction-associated steatotic liver disease (MASLD), affecting
over 30% of adults, is now emerging as the predominant cause [2, 3].
Hepatic fibrosis and steatosis are the hallmarks of CLD across the
disease spectrum, which necessitate accurate assessment. Biopsy
remains the gold standard, but is invasive, costly and associated
with morbidity [4]. Therefore, it is imperative to assess CLD in a
manner that is non-invasive and affordable by healthcare systems.

Transient elastography (TE), most commonly marketed as
FibroScan (Echosens, Paris, France), is the best validated and
widely used non-invasive technology for CLD management [5, 6].
By means of vibroacoustic excitation, TE provides liver stiffness
measurement (LSM) as a surrogate of liver fibrosis. Besides, liver
fat can be simultaneously assessed by controlled attenuation pa-
rameter (CAP) [7], a quantitative imaging biomarker that mea-
sures the attenuation of ultrasonic signal through the liver. Major
clinical practice guidelines from hepatology and endocrinology
organizations recommended TE for routine patient care [8-10].
Nevertheless, technical challenges remain toward a more accessi-
ble and efficient examination procedure, as conventional TE pos-
sesses a bulky size, requires wired connection and lacks sufficient
imaging guidance for liver localization [11-14]. Furthermore, CAP
relies on the attenuation analysis from a single ultrasonic beam
rather than a larger 2D region of interest (ROI) [15, 16]. This lim-
ited sampling setting is considered a possible source of variability
and inaccuracy in fat quantification. Existing TE also employed
traditional algorithms that have remained noticeably less updated
for decades. In this connection, another room to improve TE is the
incorporation of artificial intelligence (AI) into data processing
and analytics [17-19].

To mitigate the above concerns, a new TE framework has been
developed with the integration of (1) Al (2) wireless point-of-care
ultrasound (POCUS) and (3) real-time B-mode imaging guidance.
It is generally referred to as Al-enabled, point-of-care TE (AI-
POC-TE) in this study. AI-POC-TE allows simultaneous LSM and
multi-domain attenuation parameter (MAP, a refined algorithmic
method compared to CAP) during B-mode liver imaging to assess
fibrosis and steatosis, respectively. To our best knowledge, the di-
agnostic accuracy of imaging-guided LSM and ultrasound attenu-
ation measurement has not yet been established in the literature,
although conventional unguided methods are extensively studied
[5-9]. Moreover, uncertainty remains about whether a downsized
design would compromise diagnostic accuracy. Another related
question is how many measurements suffice to ensure accurate
TE, assuming the liver is “on-target” while guided. The practice of
acquiring 10 valid measurements is indeed established in the field
[6]; however, it appears to be a common convention rather than a
standard derived from systematic evaluation.

The primary objective of this study was to examine the diagnos-
tic performance of AI-POC-TE, including LSM and MAP, for

staging liver fibrosis and steatosis in patients with biopsy-proven
CLD. We further compared the performance of AI-POC-TE with
other established non-invasive tests, using histologic analysis as
the reference standard. The secondary objective was to perform
a prospective validation study between conventional TE and AI-
POC-TE in a large cohort of over 1400 study participants. We hy-
pothesized that AI-POC-TE is non-inferior to conventional TE in
terms of both liver fibrosis and fat quantification. Additionally, we
sought to evaluate how the number of measurements affects accu-
racy, and to determine the minimum number and optimal combi-
nation of measurements required for LSM and M AP, respectively.

2 | Methods

2.1 | Introduction of AI-Empowered, 2D
Imaging-Guided, POC-TE System

AI-POC-TE was conducted with a prototypical device developed
under the Liverscan (Eieling Technology, Hong Kong, China)
system framework [11, 12, 20]. An overview of the system and
study design is provided in Figure 1.

2.1.1 | Hardware

The system comprises a TE probe and a mobile-based termi-
nal, which are wirelessly communicated via Wi-Fi. The probe
is made of a 50-Hz vibrator, a 3.5-MHz phased array transducer
and miniaturized control electronics in a fully integrated for-
mat. The user interface displays real-time B-mode images,
measurement results and control panels, while embedded deep
learning algorithms process the acquired signals.

2.1.2 | Parameters and AI Algorithms

AI-POC-TE leverages the technological principles from both
B-mode ultrasonography and TE, where AI was applied to en-
hance its algorithmic framework. Parts of the work have been
published [11, 12, 21]. This technique provided two investiga-
tional measures—ultrasonography-guided LSM (USG-LSM,
in kPa) and MAP (in dB/m). Specifically, USG-LSM utilized
an elastogram to quantify shear wave propagation velocity
at 50Hz. Elastograms were constructed from temporal RF
signals using a texture disturbance detection approach [11].
As part of quality control, a ConvNeXt V2-based deep learn-
ing model [22] was employed to assess elastogram quality.
Criteria used to train this binary classifier (high- vs. poor-
quality elastograms) included signal intensity, length, linear-
ity, continuity, parallelism of the primary wave trajectory, as
well as background noise level. Subsequently, a Transformer-
enhanced Hough Transform-based deep learning model [21]
was employed to identify the wave trajectory on high-quality
elastograms. Its slope was then used to estimate the Young's
modulus of the liver.
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Key Points

« We evaluated a newly developed, B-mode image-
guided, artificial intelligence-assisted, point-of-care
transient elastography system (AI-POC-TE) for assess-
ing liver fibrosis and steatosis.

Using biopsy-proven and paired TE cohorts, this sys-
tem shows diagnostic performance comparable to
conventional TE while providing advantages in size
and Al-based algorithmic analysis.

Statistical non-inferiority analyses demonstrate that
accurate results can be achieved with as few as four
measurements.

Another deep learning algorithm was developed to autonomously
determine an appropriate measurement mode for different pa-
tient morphotypes. Using the YOLOv8 model [23], subcutaneous

A

tissues were segmented on B-mode images to compute the
midline skin-liver capsule distance (SCD). Upon detecting an
SCD>20mm, the software automatically activates the “en-
hanced” mode from the default “standard” mode to accommodate
obese patients. Specific differences between modes include their
B-mode image depth (180 vs. 140 mm), overall gain (70 vs. 50dB),
peak-to-peak vibration amplitude (3 vs. 2mm), and measurement
range below the skin surface (35-75 vs. 25-65mm).

MAP is an estimate of ultrasound attenuation over multiple sets
of radiofrequency (RF) echo signals at 3.5MHz, specifically tar-
geting the liver parenchyma through a proprietary spatial aver-
aging-spectral analysis approach. For this purpose, 256 RF lines
were obtained from the 20-100mm depth range to construct a
spatial greyscale image. A BiSeNet V2-based deep learning model
[24] was employed to segment the liver border, while a signal gra-
dient-based denoising algorithm excluded heterogeneous signals,
such as intra-hepatic vessels. This combined approach allowed
for the full extraction of liver parenchymal regions, which varied
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FIGURE1 | Study design overview. (A) Schematic representation of B-mode ultrasound-guided, Al-enabled, point-of-care TE (AI-POC-TE): Both
measures were collected simultaneously with B-mode images, which is an explicit imaging-guided measurement procedure of the liver; (B) Example

results of AI-POC-TE in comparison of histology and conventional TE.
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FIGURE1 | (Continued)

according to the probe's location or patients' morphotype. MAP
quality control was conducted independently of LSM, the latter of
which relied on elastogram characteristics; a mask qualified for
subsequent frequency-domain analyses if liver tissues constituted
>80% of the mask area. To eliminate operator or instrument set-
ting dependencies, the power spectrum of different adjacent fre-
quencies was normalized and finally calibrated against reference
phantoms with known attenuation coefficients. MAP was com-
puted from an average spectrum across the same depth range,
with values ranging from 100 to 400dB/m. Major improvements
of MAP over CAP included an increased sampling volume (32 RF
lines vs. single line), an optimized measurement depth (adaptive
vs. fixed ROI), a comprehensive domain analysis (time—frequency
vs. frequency domain), and stringent quality control (independent
criteria vs. reliance on LSM quality).

2.2 | Study Design and Participants

The single-institution research generally contains two pro-
spective study cohorts. The biopsy cohort was a diagnostic ac-
curacy study. It was designed to identify the optimal USG-LSM
and MAP cut-offs for evaluating fibrosis and steatosis, with
the reference standard of liver biopsy. The paired TE cohort
was another trial which adopted a head-to-head comparison
design to validate AI-POC-TE against conventional TE; par-
ticipants from this cohort underwent both TE examinations
on the same day. Consecutive patients were recruited between
October 2023 and September 2025 from a tertiary care liver
clinic at The First Affiliated Hospital of Wenzhou Medical
University. The hospital ethics committee approved this
trial, and we followed the STARD guidelines to report study
outcomes.

2.2.1 | Inclusion and Exclusion Criteria

We included adults with a spectrum of known or suspected
chronic liver disease, who had (1) a scheduled liver biopsy

MAP
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or (2) a clinical indication for TE examination. Patients who
underwent conventional TE and AI-POC-TE on the day
of liver histology analysis were assigned to the biopsy co-
hort, whereas those with only concurrent TE data (without
histologic data) comprised the paired TE cohort. Exclusion cri-
teria for both cohorts were patients with ascites, active cardiac
implant, prior liver transplantation, or refusal to take paired
TE examinations. All eligible participants gave informed
consent.

2.3 | Histologic Examination

In the biopsy cohort, liver histology serves as the reference for de-
termining the diagnostic accuracy of AI-POC-TE. Percutaneous
liver biopsy procedure was performed using a 16-gauge Hepafix
needle. Specimens were fixed in formalin and stained with at
least haematoxylin and eosin and Masson's trichrome. An ex-
perienced hepatopathologist independently analysed slides
without knowledge of liver ultrasound and other clinical data.
Biopsies shorter than 15mm in length were deemed uninterpre-
table and excluded. For patients with MASLD, fibrosis (FO-F4)
was staged according to the NASH Clinical Research Network
scoring system. For patients with other liver disease contexts, in-
cluding chronic hepatitis B (CHB), fibrosis was staged according
to the Scheuer system. Steatosis and lobular inflammation were
scored ordinally from O to 3, and hepatocellular ballooning was
scored from 0 to 2.

2.4 | Clinical Examination

All participants underwent a standardized clinical evaluation
on the day of enrollment, including medical history, demo-
graphic and anthropometric examinations, and biochemical tests.
Significant alcohol intake above the recommended limits (>70g/
week for women and >140g/week for men) was documented. A
fasting venous blood sample was taken for investigation of basic
liver biochemistry and clinical laboratory parameters. In patients
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with complete biochemical data, the performance of LSM by AI-
POC-TE was compared with the other three fully validated fibrosis
biomarkers: the FIB-4, the AST-to-platelet ratio index (APRI) and
the NAFLD fibrosis score (NFS). Likewise, MAP was assessed
against the hepatic steatosis index (HSI), a readily available com-
posite score for detecting fatty liver.

2.5 | TE Examination
2.5.1 | Conventional TE (FibroScan LSM and CAP)

Conventional TE was performed using the FibroScan system
(Model Pro-E) by an independent, experienced, certified tech-
nician blinded to the TE results of others. The new features
such as SmartExam and continuous CAP were not available
during the study period. All participants fasted for over 3h
before TE. Following the standard procedure described previ-
ously [5, 6], the transducer tip was placed onto an appropriate
intercostal space over the right liver lobe, with patients lying
in the dorsal decubitus position. The use of M or XL probe de-
pends on an automatic probe selection tool embedded in the
device. LSM and CAP by FibroScan were obtained simultane-
ously. Only examinations with > 10 valid individual measure-
ments were considered valid. The median of 10 valid LSM and
CAP values were included for statistical analysis.

2.5.2 | AI-POC-TE (USG-LSM and MAP)

In the session of AI-POC-TE using the prototypical AI-POC-TE
system, the same examination procedure, including patient po-
sitioning and measurement protocol, was applied as outlined
above. Five trained novice operators performed the AI-POC-TE
examination as per the manufacturer's recommendations. The
inter-operator reliability of this technique has been previously
established [11]. Guided by real-time B-mode, a sufficiently
thick portion of the liver parenchyma free of large vessels was
identified and consecutively measured 10 times. A single probe
was designed for universal use across varying patient morpho-
types. The standard or enhanced mode of measurement was au-
tomatically selected according to the real-time SCD assessment,
as indicated by the device software. Ten valid repetition mea-
surements were recorded according to the outputs of the elas-
togram quality control algorithm. The median LSM and MAP
were derived and used in this study as the per-patient right-lobe
AI-POC-TE result.

2.6 | Statistical Analysis
2.6.1 | Sample Size Estimation

The sample size was calculated for the primary objective of
estimating the AI-POC-TE accuracy to achieve a clinically ac-
ceptable AUROC with a 5% standard error in the subgroup of
biopsy study. Given an expected AUROC of 0.80 for detecting
any steatosis (> 5% hepatocytes affected on histology) and an
estimated 95% confidence interval (CI) of 0.74-0.86 (CI width:
0.125) at a prevalence of 30%, 107 participants were projected.
The final sample size was set at 130 to allow for a 20% dropout.

2.6.2 | Descriptive Statistics

Cohort characteristics were descriptively summarized as me-
dian with interquartile range (IQR) for continuous variables and
absolute figures with percentages for categorical variables. The
Kruskal-Wallis test was used to compare liver stiffness and at-
tenuation parameters between groups at different stages of fi-
brosis and grades of steatosis, respectively.

2.6.3 | Diagnostic Performance

Overall accuracy of AI-POC-TE-based LSM and MAP was as-
sessed using receiver operating characteristic (ROC) curve. We
used Youden's index to estimate the optimal cut-offs, together
with its performance metrics: area under the receiver operating
characteristic curve (AUROC), sensitivity, specificity, positive
predictive value, and negative predictive value. Pearson's cor-
relation coefficients were separately calculated for LSM versus
fibrosis stage and M AP versus steatosis grade. Secondary analy-
ses compared AI-POC-TE with conventional TE and serum bio-
markers for identifying those clinically relevant events of fibrosis
(>F2 and F4) and steatosis (> S1, > S2 and S3). AUROC compari-
son between TE techniques was done using DeLong's test.

2.6.4 | Classification

Stage-based concordance was evaluated using confusion matri-
ces, overall agreement and weighted Cohen's kappa statistics.

2.6.5 | Validity Statistics

In the paired TE cohort, the association between the attenuation
measure pair (CAP vs. MAP) was examined using Pearson's cor-
relation and simple linear regression. Further analysis of agree-
ment was performed by a Bland-Altman plot, with CAP as the
benchmark technique. We also applied the same set of analyses
to the LSM pair (LSM vs. USG-LSM).

2.6.6 | Exploratory Research

To evaluate the effect of the number of measurements on accu-
racy, subgroup ROC analyses were conducted for USG-LSM and
MAP, respectively, using various median subsets (i.e., medians
derived from 1 measurement to 10 measurements). AUROCS
obtained using 1-9 measurements were compared with the ref-
erence AUROC derived from 10 measurements, and paired
DeLong's tests were applied to evaluate statistical non-inferiority.
Additionally, intraclass correlation coefficient (ICCs), Spearman’s
rank correlation coefficient and mean difference were reported for
each median subset in comparison with the reference subset of 10
measurements.

3 | Results

In this prospective study, we screened 1603 potentially eligible par-
ticipants, 146 of whom had undergone liver biopsy. The study flow-
chart is shown in Figure S1. Consequently, 138 and 1455 patients
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were included in the biopsy cohort and the paired TE cohort for
analysis, respectively. Baseline characteristics for both populations
are listed in Table 1, with overweight and obesity being more prev-
alent in the biopsy cohort. According to the automatic measure-
ment mode selection algorithm, the enhanced mode of AI-POC-TE
was applied to approximately 30% of biopsied patients. They had a
significantly higher median BMI (30 vs. 26kg/m?) and SCD (23 vs.
17mm) compared to patients measured with the standard mode.
Of these patients with paired conventional TE (FibroScan) results,
104 (75%) were evaluated with the M probe and 34 (25%) with the
XL probe. The measurement failure rate was comparable between
conventional TE and AI-POC-TE (18 of 1473 [1.2%] vs. 16 of 1473
[1.1%], p=0.86) in the whole population.

3.1 | Accuracy of AI-POC-TE for Hepatic Fibrosis
and Steatosis

Of 138 patients with interpretable biopsies and valid USG-LSM
values, the fibrosis stage distribution was 11%, 41%, 28%, 12%, 7%
for FO, F1, F2, F3, F4, respectively. The boxplot of USG-LSM vs.
fibrosis stage is shown in Figure 2A. USG-LSM values showed a
significant upward trend across fibrosis stages (Kruskal-Wallis
p<0.001). USG-LSM values were moderately correlated with fi-
brosis stage (r=0.60, p<0.001), and had a weak correlation with
ballooning grade (r=0.23, p=0.01). The AUROC of USG-LSM in
detecting >F1, >F2, >F3 and F4 was 0.83 (95% CI: 0.75-0.89),
0.79 (95% CI: 0.71-0.86), 0.79 (95% CI: 0.72-0.86), and 0.97 (95%
CI: 0.93-0.99), respectively. The corresponding optimal cut-off
values maximizing Youden's index were 5.8, 8.2, 9.1 and 14.4kPa,
respectively.

Of 136 patients with interpretable biopsies and valid MAP values,
the steatosis grade distribution was 7%, 32%, 40%, 21% for SO, S1, S2,
S3, respectively. MAP values significantly increased with increas-
ing steatosis grade (Kruskal-Wallis p <0.001) with the exception
of S1 and S2 (p=0.26). There was a moderate positive correlation
between MAP and steatosis grade (r=0.47, p<0.001). MAP also
weakly correlated with ballooning grade (r=0.21, p=0.02) and
inflammation grade (r=0.28, p=0.001). The AUROC of MAP in
detecting steatosis >S1, >S2, and S3 was 0.92 (95% CI: 0.86-0.96),
0.70 (95% CI: 0.61-0.77) and 0.76 (95% CI: 0.68-0.83), respectively.
Their corresponding optimal cut-off values maximizing Youden's
index were 244, 278 and 294 dB/m. The diagnostic statistics of AI-
POC-TE at each optimal cut-off are detailed in Table 2 and the
ROC curve is given in Figure S2. We also provided the ROC re-
sults of conventional TE for the same cohort in Table S1.

To explore the impact of disease aetiology, subgroup analyses
were performed in patients with MASLD and CHB (Table S2).
The diagnostic performance and optimal cut-offs of AI-POC-TE
were broadly comparable across aetiologies.

3.2 | Comparison of AI-POC-TE With Other
Non-Invasive Tests

Table 3 summarizes the inter-technique comparisons of AUROC
for four clinically significant histologic features: significant fibro-
sis (> F2), cirrhosis (F4), mild steatosis (> S1), moderate steatosis
(>S2) and severe steatosis (S3). Direct comparisons showed that

LSM by conventional TE was as accurate as AI-POC-TE for di-
agnosing cirrhosis, with no significant difference as assessed by
DeLong's test (AUROC: 0.91 vs. 0.97, p=0.40). Similar accuracy
was observed for predicting >F2; the two techniques showed
comparable AUROCS (0.77 vs. 0.81, p=0.18). Furthermore, the
performance of AI-POC-TE was compared pairwise with other
fibrosis biomarkers in 132 patients with available serologic data.
USG-LSM significantly outperformed FIB-4 (AUROC=0.65;
p=0.01) and NFS (AUROC =0.60; p <0.001) for the diagnosis of
>F2, and APRI (AUROC =0.80; p =0.01) for the diagnosis of F4.

MAP had an AUROC of 0.92 for classifying any steatosis from
no steatosis (S1-S3 vs. S0), which was nominally higher than
CAP (0.86, no statistical difference by DeLong's test p=0.25).
On the other hand, MAP and CAP exhibited similar AUROCs
in the diagnosis of >S2 (0.70 vs. 0.72, p=0.52) and S3 (0.75 for
both, p=0.99). Performance of MAP was also compared with
HSI in a subset of patients (n=134, due to 2 missing sero-
logic data). Although not statistically different (DeLong's test,
p>0.05 for all), both MAP and CAP had nominally higher
AUROCSs than HIS and were shown to be superior in deter-
mining different steatosis grades. Subgroup analyses (Table S2)
confirmed that the AUROCS of AI-POC-TE remained compara-
ble to conventional TE across the MASLD and CHB subgroups.

3.3 | Correlation Analysis Between Conventional
TE and AI-POC-TE

LSMs with both TE techniques were obtained in 1455 patients
of the paired TE cohort. As shown in Figure 3A, liver stiffness
as assessed by the LSM and USG-LSM methods was highly cor-
related and the linearity was strong (r=0.86, R>=0.73). This re-
lationship was confirmed in a Bland-Altman plot (Figure 3B),
demonstrating minimal bias of 0.6 kPa and limits of agreement
(LoA)within +5kPa. Variability between LSMs, as indicated by
the IQR/median ratio, was significantly higher in AI-POC-TE
than conventional TE (median IQR/median value: 21 vs. 12%;
p<0.001). We further reported the influence of variability on
diagnostic performance (see Table S3 for results).

Figure 3C,D illustrate the results of the corresponding 1455
paired CAP and MAP measurements. Similarly, MAP is moder-
ately correlated to and linear with CAP (r=0.80, R?=0.64). The
mean bias was 29dB/m with 95% LoA between —40 to 97dB/m.
As a reliability indicator of attenuation measurement, the IQR/
median was not significantly different between CAP and MAP
(median IQR/median value: 10% for both; p=0.12). An additional
exploratory analysis examining the influence of overweight and
obesity (i.e., BMI > 25kg/m?) on the correlation between conven-
tional TE and AI-POC-TE is illustrated in Figure S3 and Table S4.
The correlation between techniques was comparable among pa-
tients with BMI <25 and >25kg/m?, for both LSMs (r=0.89 vs.
0.83) and attenuation measurements (r=0.80 vs. 0.73).

3.4 | Multiclass Classification Concordance

Crosstabulation analyses showed substantial stage-by-stage
agreement between techniques and with histologic reference,
and the results are presented in Figures S4-S6.
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TABLE1 | Baseline patient characteristics of the two study cohorts.

Variable Biopsy cohort (n=138) Paired TE cohort (n=1455)
Demographics

Male 98 (71%) 977 (69%)

Age, years 47 [34-54] 46 [37-54]

Significant alcohol intake 22 (16%) 214 (15%)
Anthropometrics

BMI, kg/m? 27.3 [24-29] 25.0 [23-28]

SCD, mm 18 [16-21] 17 [14-19]
Metabolic factor

Overweight & obese 97 (70%) 754 (52%)

Diabetes 18 (13%) 164 (11%)

Hypertension 35(25%) 317 (22%)
Liver disease aetiology

Viral (CHB, CHC) 19 (14%) 622 (43%)

MASLD 110 (80%) 572 (39%)

ALD 5 (4%) 73 (5%)

Other 4 (3%) 188 (13%)
Imaging biomarker

LSM by conventional TE, kPa 7.1 [5.8-9.5] 6.1[5.0-7.8]

CAP by conventional TE, dB/m 281 [232-314] 258 [212-303]

XL probe of conventional TE 34 (25%) 263 (18%)

USG-LSM by AI-POC-TE, kPa 8.5[6.4-11.0] 6.8 [5.3-8.9]

MAP by AI-POC-TE, dB/m

Enhanced mode of AI-POC-TE
Blood

Albumin, mg/dL

ALT, IU/L

AST, IU/L

Triglyceride, mmol/L

Fasting glucose, mmol/L

HbAlc, %

Platelet count, X10°/L

302 [270-339]

37 (27%)

46 [43-48]

52 [31-94]

39 [27-66]

1.7 [1.1-2.6]
5.5[4.9-6.3]
5.9 [5.5-6.2]

230 [184-276]

286 [248-327]
210 (14%)

46 [44-48]
36 [24-72]
30 [23-44]
1.7 [1.1-2.5]
5.4[4.9-6.1]
5.5[5.5-6.3]
225 [184-264]

FIB-4 1.1[0.7-1.8] 1.1[0.7-1.5]

APRI 0.5[0.3-0.8] 0.4 [0.3-0.6]

NFS —2.6 [-3.5to —1.3] -1.9 [-3.1to —0.4]

HSI 39 [35-44] 35[32-40]

Fibrosis stage
FoO 15 (11%) —
F1 57 (41%) —
(Continues)
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TABLE1 | (Continued)

Variable Biopsy cohort (n=138) Paired TE cohort (n=1455)
F2 39 (28%) —
F3 17 (12%) —
F4 10 (7%) —

Steatosis grade

S0 10 (7%) —
S1 43 (32%) —
S2 54 (40%) —
S3 29 (21%) —

Lobular inflammation grade

10 3(2%) —
nn 64 (48%) —
12 66 (49%) —
13 1(1%) —
Ballooning grade
BO 16 (12%) —
Bl 61 (45%) —
B2 58 (43%) —

Note: All data are median [25th-75th percentile] or figure (percentage), unless otherwise indicated. The analyses include only patients with available data.

Conventional TE was performed using the Fibroscan system.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Haemoglobin Alc, HbAlc; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MASH, Metabolic dysfunction-associated steatohepatitis; NAS, NAFLD Activity Score; SCD, skin-liver capsule distance.
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FIGURE2 | Distribution of (A) USG-LSM values stratified by fibrosis stage (Kruskal-Wallis test: H=51.08, df =4, p <0.001; post hoc Dunn's test:
p=0.76 for F2 and F3, p<0.05 otherwise); (B) MAP values stratified by steatosis grade (Kruskal-Wallis test: H=234.25, df=3, p<0.001; post hoc

Dunn's test: p=0.26 for S1 and S2, p <0.05 otherwise).

3.5 | Effect of Repetition Measurement on
Diagnostic Performance

We generated a series of median sets derived from varying
sample sizes (i.e., medians of 1 to all 10 repetition measure-
ments). This analysis focused on five key histologic endpoints,
and applied two mathematical approaches for median deriva-
tion. Table 4 details the results from the sequential selection

method, taking the median of all 10 measurements as the
reference. For LSM, the ICCs between the median of the first
1 through 9 measurements and the reference median of 10
measurements ranged from 0.90 to 0.99. The corresponding
Spearman's correlation coefficients were all above 0.9, except
for the 1-measurement subset (r,=0.86). Bland-Altman anal-
yses showed that both the systematic biases against the refer-
ence median and its 95% LoA range decreased progressively
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TABLE 2 | Diagnostic test characteristics of AI-POC-TE for hepatic fibrosis and steatosis.
Cut-off Cut-off,
AUROC selection kPa or
Prevalence (95% CI) criterion dB/m  Sensitivity Specificity PPV NPV
USG-LSM by n=138
AI-POC-TE
>F1 89% 0.83(0.75-0.89) Youden's index 5.8kPa 0.89 0.67 0.96 0.43
Fixed sensitivity 5.7kPa 0.91 0.60 0.95 0.45
>0.9
Fixed specificity 8.8kPa 0.46 0.93 0.98 0.18
>0.9
>F2 48% 0.79 (0.71-0.86) Youden's index 8.2kPa 0.79 0.72 072  0.79
Fixed sensitivity 6.0kPa 0.91 0.31 0.55 0.79
>0.9
Fixed specificity =~ 10.6kPa 0.44 0.90 0.80  0.64
>0.9
>F3 20% 0.79 (0.72-0.86) Youden's index 9.1kPa 0.74 0.72 0.40 0.92
Fixed sensitivity 7.0kPa 0.93 0.42 0.29  0.96
>0.9
Fixed specificity =~ 12.6kPa 0.52 0.90 0.57 0.88
>0.9
F4 7% 0.97 (0.93-0.99) Youden's index 14.4kPa 0.90 0.93 0.49 0.99
Fixed sensitivity ~ 14.4kPa 0.90 0.93 049  0.99
>0.9
Fixed specificity =~ 13.7kPa 0.90 0.91 0.43 0.99
>0.9
MAP by n=136
AI-POC-TE
>S1 93% 0.92 (0.86-0.96) Youden'sindex  244dB/m 0.94 0.80 098  0.50
Fixed sensitivity =~ 255dB/m 0.90 0.80 0.98  0.38
>0.9
Fixed specificity = 276dB/m 0.75 0.90 099 0.21
>0.9
>S2 61% 0.70 (0.61-0.77) Youden's index 278dB/m 0.82 0.53 0.73 0.65
Fixed sensitivity =~ 264dB/m 0.90 0.36 0.69  0.70
>0.9
Fixed specificity =~ 349dB/m 0.25 0.91 0.81 044
>0.9
S3 21% 0.76 (0.68-0.83) Youden'sindex  294dB/m 1.00 0.54 0.37  1.00
Fixed sensitivity ~ 301dB/m 0.93 0.60 0.38 0.97
>0.9
Fixed specificity = 368dB/m 0.17 0.91 0.33  0.80
>0.9

Abbreviations: AI-POC-TE, artificial intelligence-enabled point-of-care transient elastography; AUROC, area under the receiver operating characteristics curve; MAP,
multi-domain attenuation parameter; NPV, negative predictive value; PPV, positive predictive value; USG-LSM, ultrasonography-guided liver stiffness measurement.

with an increasing number of measurements. The AUROC
for diagnosing >F2 fibrosis was highest (0.79, 95% CI:
0.71-0.86) when using the 10-measurement median subset. In

comparison, the AUROC significantly decreased to 0.74 when
only a single measurement was used (DeLong's test, p=0.03).
A progressive decline in AUROC was observed as the number
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TABLE 3 | Comparative diagnostic accuracy of imaging versus serum biomarkers for clinically significant histologic findings.

p-value® (vs.

AUROC (95% CI) Optimal cut-off  Sensitivity Specificity PPV NPV  AI-POC-TE), p

>F2 n=132

USG-LSM by AI-POC-TE 0.81 (0.74-0.88) 8.5kPa 0.76 0.80 0.78 0.78 e

LSM by conventional TE* 0.77 (0.69-0.84) 6.8kPa 0.79 0.65 0.68 0.77 0.181

FIB-4 0.65 (0.56-0.73) 1.03 0.65 0.61 0.61 0.65 0.009

APRI 0.73 (0.64-0.80) 0.67 0.51 0.87 0.78 0.66 0.079

NES 0.60 (0.51-0.68) -2.51 0.59 0.65 0.61 0.63 <0.001
F4 n=132

USG-LSM by AI-POC-TE 0.97 (0.92-0.99) 14.4kPa 0.90 0.93 0.49 0.99 —

LSM by conventional TE* 0.91 (0.84-0.95) 14.3kPa 0.90 0.98 0.77 0.99 0.397

FIB-4 0.94 (0.88-0.97) 1.50 1.00 0.75 0.23 1.00 0.368

APRI 0.80 (0.72-0.87) 0.44 1.00 0.49 0.13 1.00 0.011

NES 0.92 (0.85-0.96) -1.08 0.80 0.86 0.30 0.98 0.270
>S1 n=134

MAP by AI-POC-TE 0.92 (0.86-0.96) 244dB/m 0.94 0.80 0.98 0.50 —

CAP by conventional TE* 0.86 (0.79-0.91) 237dB/m 0.74 0.90 0.99 0.21 0.250

HIS 0.84 (0.77-0.90) 33.3 0.85 0.80 0.98 0.29 0.342
>S2 n=134

MAP by AI-POC-TE 0.70 (0.62-0.78) 278dB/m 0.82 0.53 0.73 0.65 —

CAP by conventional TE* 0.72 (0.64-0.80) 261dB/m 0.75 0.64 0.77 0.62 0.520

HSI 0.68 (0.59-0.76) 38.9 0.62 0.68 0.75 0.53 0.692
S3 n=134

MAP by AI-POC-TE 0.75 (0.67-0.82) 294dB/m 1.00 0.53 0.36 1.00 —

CAP by conventional TE* 0.75(0.67-0.82) 280dB/m 0.90 0.59 0.37 0.96 0.990

HSI 0.68 (0.59-0.76) 40.3 0.66 0.65 0.33 0.88 0.290

Note: Due to missing serological data, the head-to-head comparison analyses were performed on 132 and 134 patients for the fibrosis and steatosis category,

respectively.

of measurements decreased from 9 to 2. The Wilcoxon tests
further indicated significant differences between the medians
derived from the first 1 and 2 measurements vs. the reference
median (p=0.01 and 0.03, respectively). By contrast, accuracy
for cirrhosis remained stable across different measurement
numbers, with AUROCs ranging from 0.93 to 0.97.

For MAP, both the ICC and Spearman correlation relative to
the reference median increased progressively as the median in-
cluded more measurements, from 1 up to 9. Accuracy was gener-
ally lower with fewer MAP measurements. Notably, the highest
accuracy for each steatosis category was achieved using the me-
dian of 7 or 8 measurements, rather than the full set of ten. The
AUROC:s for severe steatosis were consistent across the medians
of 1 to 10 measurements (0.73-0.76).

Similar patterns were observed under the random selection
method (Table 5). Statistically significant differences were found
in the AUROCS between the medians of 1-3 randomly selected
measurements and that of 10 measurements for diagnosing

>F2, F4, >S1 and >S2 (DeLong's test, p<0.05). In summary,
these data generally suggest lower diagnostic performance with
fewer than 4 measurements.

4 | Discussion

The role of TE in the monitoring of liver diseases is well estab-
lished; however, technology-related limitations persist regarding
its accessibility and utility, such as large footprint, inadequate
imaging guidance, and traditional algorithmic frameworks.
Addressing these issues requires bioengineering innovation.
This is our motivation to develop a new form of TE—AI-POC-TE
which integrates AI-driven analysis and B-mode as visual guid-
ance for the point-of-care assessment. In the prospective study,
we introduce this new TE iteration and report its diagnostic
performance compared to liver histology. Furthermore, we in-
vestigated the ideal number of LSM and MAP from which to
obtain repetition measurements. Our findings demonstrate
three major contributions to the field: (1) AI-POC-TE achieved
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FIGURE 3 | Comparison of LSM obtained from conventional TE and AI-POC-TE: (A) Scatterplot with Pearson correlation and linear regression
and (B) Bland-Altman plot for 1455 participants; comparison of CAP from conventional TE and MAP from AI-POC-TE: (C) Scatterplot with Pearson
correlation and linear regression and (D) Bland-Altman plot for 1455 participants.

robust accuracy for staging fibrosis and steatosis, with AUROCs
comparable to conventional TE and exceeding other established
serologic tests; (2) the MAP, a novel ultrasound attenuation
computation method in AI-POC-TE, provided methodological
advantages over CAP for steatosis detection; (3) the number of
measurements required to maintain accuracy is only 4, which
is fewer than the conventionally mandated 10 and indicates the
potential for workflow optimization.

4.1 | Fibrosis and Steatosis Quantification Using
AI-POC-TE

AI-POC-TE showed good performance for assessing dichoto-
mized stages of fibrosis, with AUROC values ranging from 0.79
to 0.96. While diagnostic accuracy was modest for early stages,
the results were broadly consistent with prior reports on con-
ventional TE in biopsy-controlled cohorts [25, 26]. This suggests
that AI-POC-TE maintains the established strengths of TE in fi-
brosis diagnosis, while miniaturizing the hardware, introducing

a wireless workflow, and providing B-mode guidance that may
reduce the risk of off-target measurement and sampling error.
We also confirmed a strong correlation between liver stiffness
measured using both TE techniques (r=0.86) in nearly 1500 pa-
tients. On the other hand, the correlation between techniques
was less pronounced for attenuation measurements (r=0.80)
than for LSMs. This likely reflected methodological differences
in the attenuation computation process, whereas liver stiffness
was derived based on the same physical principle. Indeed, MAP
nominally improved the discrimination of any steatosis com-
pared with CAP (AUROC: 0.92 vs. 0.86), highlighting the poten-
tial of spatially averaged, multi-domain analysis for more robust
fat quantification. However, MAP yielded suboptimal ability to
distinguish moderate-to-severe steatosis, with the small cut-off
difference between S2 and S3. This phenomenon has also been
reported for other ultrasound attenuation-based methods in
literature, including CAP [7, 25] and attenuation imaging [27].
Additionally, AI-POC-TE outperformed the studied serum bio-
markers in assessing fibrosis and steatosis, a finding that con-
firms prior reports from conventional TE [7, 25].
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4.2 | Clinical Implications of POCUS and AI
Integration

Al-driven approaches show promise in CLD management, but
mainly for diagnosis and prediction tasks [17, 18]. Only a few
studies have by far applied AI in the context of liver elastogra-
phy [19]. Furthermore, there is a paucity of literature report-
ing adding AI to TE. In this study, we made the first attempt
to utilize a range of deep learning algorithms to optimize the
entire TE workflow: a segmentation model selected the appro-
priate measurement mode by adapting acquisition parameters
to abdominal wall thickness; a binary classifier ensured elas-
togram quality; a line-detection model enhanced shear wave
trajectory detection; and another segmentation model iden-
tified parenchymal regions to improve attenuation computa-
tion. Future studies will explore radiomics of B-mode data,
which is concurrently available, and develop stacked ensemble
learning models for assessing MASLD spectrum, particularly
MASH. Another direction is to enhance workflow efficiency
and support novice operators. Specific Al applications include
elastogram quality enhancement through generative models,
as well as scan guide based on B-mode liver segmentation or
reinforcement learning.

With the recent approval of resmetirom [28] and semaglutide
[29] as treatment for MASH with fibrosis, and with non-invasive
markers being considered by regulatory authorities as non-
histological surrogate clinical endpoints, the clinical demand
for TE examination is anticipated to rise [10]. Indeed, the incor-
poration of POCUS into liver elastography or quantitative fat
analysis has been recently explored for improved technology ac-
cessibility [30-32]. To our best knowledge, this study employed
the most compact TE system ever reported, which may facili-
tate the widespread uptake in both clinical and public health
settings. It will be critical for the roll-out of the technique in
resource-limited regions.

4.3 | How Many Measurements Are Really
Necessary?

Another novel contribution of this study was quantifying the
trade-off between measurement number and diagnostic accu-
racy. Current consensus requires 10 measurements for TE [6];
but it is somewhat surprising that, what constitutes an ade-
quate number of TE has never been examined empirically and
is largely a matter of opinion. This opinion is taken for granted
in various clinical practice guidelines and large studies. In
contrast, pPSWE and 2D-SWE acquisition protocols have been
well investigated, and their findings continuously inform
guideline updates [6, 33-35]. We speculated that conventional
TE, without B-mode guidance to ensure continuous targeting
of the liver parenchyma, may explain such a difference. Thus,
we employed B-mode guided TE to bridge the knowledge gap.
Results suggest that fewer than 10 measurements, selected
either randomly or in sequence, had a limited effect on the
performance of both LSM and MAP, potentially saving clinic
time. Even with 1 available acquisition, whether random or
serial, the AUROCS for diagnosing fibrosis and steatosis were
acceptable; nevertheless, at least 4 acquisitions were generally
required. This finding aligns with the recommended range

of 3-5 acquisitions for SWE-based techniques [6, 34, 35]. We
speculated that this might also be the case for conventional
TE (Fibroscan), as the comparable measurement results (i.e.,
median value and variability) between two methods were
demonstrated in this study. Yet one study alone is rarely suf-
ficient evidence to justify a change in clinical practice. Larger
external validation cohorts are warranted to examine our em-
piric data.

4.4 | Strengths and Limitations

There were several notable strengths of the current study. The time
interval between biopsy and TE was limited to the same day, min-
imizing temporal bias and generally shorter than in most previ-
ous biopsy-controlled studies. By directly comparing AI-POC-TE
with well-validated conventional TE in the same patient group,
the study allowed a rigorous, unbiased evaluation of system per-
formance. The cut-offs for both conventional TE and AI-POC-TE
derived in this study are broadly in keeping with those reported
in meta-analyses of CLD patients [26, 36]. We first defined a min-
imally sufficient number of measurements, thereby providing
evidence-based recommendations for refining the existing TE pro-
tocol. Another novelty is that, for the first time, AI was incorpo-
rated into TE as part of data processing and analytics.

Some limitations are acknowledged. First, our subgroup anal-
yses (Table S2) demonstrated robust accuracy for both MASLD
and CHB, but should be interpreted cautiously due to the
limited sample size of CHB patients. The diagnostic cut-offs
require future validation in larger, aetiology-specific inter-
national populations. Second, we investigated only the diag-
nostic accuracy of B-mode guided TE, although additional
performance characteristics, including reliability, repeatabil-
ity, construct validity as well as examination time against other
elastography techniques, also merit mention. However, some
of these, such as operator ICC and correlation with 2D-SWE,
have been reported elsewhere [11, 12, 20]. Third, because this
was a single-centre study in a highly specialized tertiary care
setting, the generalizability of its findings to other clinical set-
tings is unknown. Extrapolation to primary care (e.g., commu-
nity screening) is promising but needs further confirmation.

5 | Conclusions

The newly developed and validated AI-POC-TE can accurately
assess histology-confirmed fibrosis and steatosis, with perfor-
mance comparable to conventional TE. Another main finding
suggests that, at least in a B-mode image guided setting, surpris-
ingly four measurements were sufficient for diagnostic purposes.
Al-driven analysis was demonstrably feasible in this study, but
its performance in pediatric and obese populations warrants
further investigation. Future research should involve multi-
centre cohorts and establish cut-offs for different aetiologies.
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