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Abstract

Background and Aims: Metabolic dysfunction–associated steatotic liver

disease (MASLD) imposes significant health care burdens. Early detection of

advanced fibrosis and cirrhosis in MASLD is essential due to their

unfavorable outcomes. This multilevel random-effects meta-analysis aimed

to provide the best evidence for the diagnostic accuracy of 2-dimensional

shear wave elastography in detecting liver fibrosis in biopsy-proven MASLD.

Approach and Results: This study involves systematic search in PubMed/

MEDLINE, Embase, Scopus, Web of Science, LILACS, and Cochrane Library

electronic databases for full-text articles published in any language up to

February 26, 2024. Included studies reported liver stiffness measurement by

2-dimensional shear wave elastography and used histological diagnosis as

the gold standard. A linear mixed-effects multiple thresholds model was

employed, and summary estimates for sensitivity, specificity (Sp), and sum-

mary area under the receiver operator characteristic curve were computed.

Twenty observational studies (SuperSonic Imagine, General Electric Health-

care, and Canon Medical Systems) fulfilled the inclusion criteria, comprising
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2223 participants with biopsy-proven MASLD. The prevalence of mild fibrosis

(F1), significant fibrosis (F2), advanced fibrosis (F3), and cirrhosis (F4) was

30.0%, 18.5%, 17.9%, and 10.9%, respectively. The summary area under the

receiver operator characteristic curve [95% CI] in detecting ≥F1, ≥F2, ≥F3,

and F4 for all ultrasoundmachines considered together were 0.82 [0.16–0.98],

0.82 [0.76–0.88], 0.86 [0.77–0.93], and 0.89 [0.80–0.95], respectively. The

optimal cutoff values were 6.432 kPa for ≥F1, 8.174 kPa for ≥F2, 9.418 kPa

for ≥F3, and 11.548 kPa for F4, respectively.

Conclusions: Our meta-analysis identified optimized cutoffs for fibrosis

staging by 2-dimensional shear wave elastography in etiology-specific chronic

liver diseases (MASLD), with excellent diagnostic performance, underscoring

the potential for standardizing cutoff values.

Keywords: 2-dimensional shear-wave elastography, cirrhosis, liver imaging,
metabolic dysfunction–associated steatotic liver disease, noninvasive tests

INTRODUCTION

NAFLD, newly redefined as metabolic dysfunction–
associated steatotic liver disease (MASLD),[1] repre-
sents a real challenge for the health care system.[2–4]

Liver fibrosis is associated with long-term outcomes
in patients with MASLD,[4] and fibrosis progression
to advanced stages (F3-F4) leads to an increased risk
of liver-related mortality, all-cause mortality, and
higher incidence of major cardiovascular events.[5–7]

This prompts the need for adequate identification
of liver fibrosis stages, especially the advanced
ones.[8–11]

Liver biopsy (LB) is the gold standard for assessing
liver fibrosis, but its invasive nature, risk of sampling
errors, and interobserver and intraobserver variability
limit its use.[12,13] To address these limitations, various
noninvasive tests, including vibration-controlled tran-
sient elastography (VCTE; FibroScan, Echosens), have
been developed and validated for measuring liver
stiffness.[14,15] However, challenges may arise in set-
tings with limited access or among patients with higher
body mass index, potentially affecting performance and
accessibility.[9] These considerations highlight the need
for ongoing exploration of complementary liver stiffness
measurement (LSM) approaches.[16]

Two-dimensional shear-wave elastography (2D-
SWE) is a promising alternative technique for LSM.[17]

Most new ultrasound (US) machines now come
equipped with elastography modules, making 2D-SWE
potentially valuable for assessing patients with MASLD
in primary, secondary, and tertiary care settings,
especially when supported by well-validated cutoff
values. One advantage of 2D-SWE is its ability to
integrate LSM with US-based structural liver evaluation
in a multiparametric approach. Some devices also

include features for assessing liver steatosis and
inflammation, though further validation is needed to
confirm their accuracy in routine clinical practice.[18–20]

However, variations in hardware and software among
different manufacturers of 2D-SWE elastography can
lead to inconsistencies in cutoff values.[21,22] If thor-
oughly validated, 2D-SWE could be integrated into
referral pathways for identifying or predicting liver
fibrosis,[23] similar to current practices with VCTE.[24]

While most patients at risk for MASLD undergo US
scans, only a fraction receive LSM with VCTE. The
rapid advancement of US technology incorporating 2D-
SWE suggests that future assessments for LSM in
MASLD patients could favor this method over VCTE.
Establishing reliable thresholds for fibrosis assessment
to maximize the global application of 2D-SWE is
urgently globally warranted.

Therefore, we aimed to perform a systematic review
and multilevel random effects model meta-analysis to
provide the best evidence for the diagnostic accuracy of
2D-SWE in patients with biopsy-proven MASLD and to
propose reliable cutoffs for different stages of liver
fibrosis that could present adequate applicability in the
clinical practice.

METHODS

Registration of review protocol

A systematic review and a multilevel random effects
model meta-analysis were conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA, http://links.lww.com/HEP/
J662) guidelines.[25–27] The protocol was registered on
OFS (https://doi.org/10.17605/OSF.IO/9WV8F).
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Search strategy and selection criteria

We systematically searched PubMed/MEDLINE,
Embase, Scopus, Web of Science, LILACS, and
Cochrane Library electronic databases for full-text
articles published in any language from inception to
February 1, 2023, and subsequently updated the
search to February 26, 2024 (Supplemental Materials,
http://links.lww.com/HEP/J663, Supplemental Table S1,
http://links.lww.com/HEP/J663).

We included studies meeting the following prespeci-
fied criteria: (i) population—biopsy-proven NAFLD/
NASH (MASLD/MASH); (ii) target condition—liver fibro-
sis assessment through LB (reference standard); and
(iii) index test—LSM by 2D-SWE. We considered any
US machine equipped with 2D-SWE.

Data extraction and quality assessment

Data from the studies considered eligible were inde-
pendently extracted by 3 authors (Madalina-Gabriela
Indre, Dan-Corneliu Leucuta, and Federico Ravaioli).

In the case of multiple publications, we included the
one that reported the most comprehensive information.
When needed, we contacted the corresponding authors
to obtain additional information (Supplemental Table
S2, http://links.lww.com/HEP/J663).

We evaluated the presence of potential bias in the
patient selection process, blinding to the histological
diagnosis or the index test, description of the
reference standard, and inclusion of all patients in
the analysis (Supplemental Table S3, http://links.lww.
com/HEP/J663, Supplemental Figures S1, S2, http://
links.lww.com/HEP/J663). Two authors (Madalina-
Gabriela Indre and Federico Ravaioli) independently
assessed the methodological quality using the QUA-
DAS-2 (Quality Assessment of Diagnostic Accuracy
Studies) tool.[28] Any disagreements were resolved
through discussion with a third author (Fabio
Piscaglia).

Data synthesis and analysis

The primary outcome of the meta-analysis was the
diagnostic accuracy of 2D-SWE in identifying different
stages of liver fibrosis in patients with biopsy-proven
MASLD, compared to LB, which was the gold standard.
Subsequently, we performed subgroup analysis for the
type of US manufacturer, population characteristics,
and the presence of comorbidities, such as type 2
diabetes mellitus (T2DM) and obesity.

More detailed information about the selection
criteria, data extraction, and quality assessment were
reported in Supplemental Materials, http://links.lww.
com/HEP/J663.

Statistical analysis

A meta-analysis was carried out for index tests and
target conditions with over 3 studies with sufficient
information for generating classification tables. Index
tests without enough studies to perform a meta-analysis
were analyzed using narrative synthesis. When the
authors provided a single cutoff for a specific liver
fibrosis stage or referred to it as “optimal,” “best,” or at
the “Youden index,” the threshold was defined as “best
cutoff.” A cutoff specified for sensitivity (Se) ≥90% was
considered as a “rule-out,” while a cutoff indicated for
Sp ≥ 90% was considered as the “rule-in.” We used a
bivariate logit-normal random effects model to estimate
the mean Se, Sp, variances, and covariance. Summary
area under receiver operator characteristic curves
(sAUCs) were generated with 95% confidence and
95% prediction region. The 95% confidence region is
based on the CI around the summary point and
indicates that, based on the available data, we expect
the “real value” to be within that region 95% of the time.
A linear mixed-effects model was used to model the
multiple threshold data of individual studies.[14,29,30] The
multiple thresholds model is a multilevel random effects
model that enables the calculation of summary sensi-
tivities and specificities of different cutoffs and the
calculation of the positive predictive value (PPV) and
negative predictive value (NPV), given the prevalence
of the target condition. Se and Sp were combined at
every recommended cutoff to produce a multiple
threshold sAUC. PPV and NPV were obtained for
predefined prevalences (1%, 2.5%, 5%, 10%, 20%,
30%, 40%, 50%, 60%, and 70%), and cutoffs required
to achieve minimum acceptable criteria were deter-
mined. We explored the heterogeneity across the
eligible studies by performing Se analyses by study
setting (Asian vs. non-Asian cohort), presence of
obesity (body mass index ≥30 kg/m2 or ≥25 kg/m2

in Asian cohort),[31–33] presence of T2DM, ALT levels,
and type of US manufacturer. We chose not to create
funnel plots because it is widely recognized that tests
based on funnel plot asymmetry are unreliable in
distinguishing between publication bias and other
reasons for asymmetry, such as including multiple
thresholds, in systematic reviews of diagnostic test
accuracy studies.[34]

The analysis was performed using the statistical
software R with the mada and diagmeta packages
(Version 4.3.2; R Foundation for Statistical Computing).

RESULTS

The electronic search identified 8390 records. After
eliminating 2353 duplicates, the titles and abstracts of
6037 publications were evaluated. Of these, 116 full-
text articles were assessed for eligibility. After excluding
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96 publications for various reasons (Supplemental
Table S2, http://links.lww.com/HEP/J663), 20 studies
met the inclusion criteria for the meta-analysis. The
PRISMA flow diagram (Figure 1) visually represents the
selection process.

Study characteristics

The main characteristics of the included studies are
presented in Table 1. Additional details concerning the
histology interpreter, US examiner, unreliable 2D-SWE
measurements, and the percentage of liver steatosis on
histology are illustrated in Supplemental Tables S4–S6,
http://links.lww.com/HEP/J663.

The 20 observational studies included 2223 partici-
pants with biopsy-proven MASLD. The prevalence of mild
fibrosis (F1), significant fibrosis (F2), advanced fibrosis
(F3), and cirrhosis (F4) was 30.0% (n = 666), 18.5%
(n = 411),17.8% (n = 397), and 10.9% (n = 242),

respectively, and 22.8% (n = 507) of patients were
classified as having no fibrosis (F0).

The mean age (±SD) ranged from 31.5 (±10.1) to
61 (± 14.9) years, and the percentage of females
ranged from 35.2% to 80%. The mean body mass index
ranged from 24.9 (± 3.75) kg/m2 to 45.46 (±6.26) kg/
m2, with a prevalence of obesity for both non-Asian and
Asian populations. Fourteen (70%) studies were con-
ducted in Asia,[36–38,41,43,45–51,53,54] 4 (20%) in
America,[39,40,44,52] and 2 (10%) in Europe.[35,42] Two
(10%) studies were multicentric,[35,49] and 18 (90%)
were single center. Most of the studies (90%, n = 18)
included cohorts of patients with biopsy-proven MASLD
from tertiary health care centers, whereas 2 (10%)
studies[38,41] included patients from bariatric surgery
clinics with available LB data. Fifty percent of the
studies were retrospective and 50% presented a cross-
sectional design. Supplemental Table S7, http://links.
lww.com/HEP/J663, reports the summary diagnostic
performance of 2D-SWE for detecting fibrosis stages in

Records identified from:

Total records (n = 8390)

PubMed/MEDLINE (n = 1597)
Embase (n = 2193)
Scopus (n = 3988)
Web of Science (n = 379)
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Cochrane Library (n = 72)

Records removed before screening:
      Duplicate records removed (n = 2353)

Records excluded (n = 5921)

Records not retrieved (n = 0)

Reports excluded (n = 96):
Not full text (n = 1)
Different population (n = 51)
Different primary outcome (n = 40)
Insufficient data (n = 4)
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F IGURE 1 PRISMA flow diagram. Abbreviations: GE, General Electric Healthcare; n, number; SSI, SuperSonic Imagine.

2D-SWE LIVER FIBROSIS ASSESSMENT IN MASLD | 457

http://links.lww.com/HEP/J663
http://links.lww.com/HEP/J663
http://links.lww.com/HEP/J663
http://links.lww.com/HEP/J663


TABLE 1 Main characteristics of the included studies (n = 20)

Author (Ref) Country
Population

(n)
M
(n)

Study design,
setting Condition

Age (y),
mean ±

SD
Sex, F,
n (%)

BMI (kg/m²),
mean ± SD

ALT (IU/l),
mean ± SD

T2DM,
n (%)

Measurement in kPa

Supersonic Imagine (SSI)

Cassinotto
et al[35]

France 291 5 Prospective multicentric
cross-sectional

b-p MASLD 56.7 ± 12 119
(40.9)

32.1 ± 6 71.2 ± 50.7 153
(52.6)

Lee et al[36] Korea 94 10 Prospective single-center b-p MASLD 55.5 ± 3.87 53 (56.4) 27.13 ± 1.12 50.1 ± 11.6 37 (39.4)

Takeuchi
et al[37]

Japan 71 5 Prospective single-center b-p MASLD 50.8 ± 15.7 25 (35.2) 29.2 ± 5.1 87.9 ± 90.3 —

Jamialahmadi
et al[38]

Iran 90 10 Observational single-
center bariatric surgery

b-p MASLD 38.5 ± 11.1 72 (80) 45.46 ± 6.26 — 25 (27.8)

Ozturk et al[39] USA 116 10 Retrospective single-
center

b-p MASLD 50.6 ± 11.8 62 (53.4) 31.4 ± 5.1 67.1 ± 43.2 38 (32.8)

Sharpton
et al[40]

USA 114 3 to 5 Prospective cross-
sectional single-center

b-p MASLD 54.7 ± 14.27 62 (54.4) 31.5 ± 3.98 48.3 ± 26.3 —

Chen et al[41] China 100 — Retrospective single-
center bariatric surgery

b-p MASLD 31.55 ±
10.12

69 (69) 38 ± 14.56 49.0 ± 42.5 37 (37)

Mendoza
et al[42]

Switzerland 88 3 Prospective single-center b-p MASLD 53.2 ± 12.7 33 (57.5) 31.6 ± 7.1 84.4 ± 58.4 39 (44.3)

Zhou et al[43] China 116 5 Retrospective single-
center

b-p MASLD 46.4 ± 16.45 61 (52.6) — 127.5 ± 183.1 23 (19.8)

General Electric Healthcare (GE)

Furlan et al[44] USA 62 3–12 Prospective cross-
sectional single-center

b-p MASLD 50 ± 13 36 (58) 34.8 ± 7.2 56 ± 33 22 (35)

Kuroda et al[45] Japan 202 10 Prospective cross-
sectional single-center

b-p MASLD 55.2 ± 12.9 103 (51) 29.27 ± 5.67 21.9 ± 6.5 82 (40.6)

Imajo et al[46] Japan 201 10 Prospective single-center b-p MASLD 61 ± 14.93 95 (47.3) 27.17 ± 4.18 52.2 ± 31.7 127
(61.9)

Kalaiyarasi
et al[47]

Singapore 16 5 Pilot, cross-sectional
single-center

b-p MASLD 49.2 ± 11.9 11 (68.8) 29.6 ± 3.7 90.5 ± 50.6 11 (68.8)

Canon Medical Systems/Toshiba

Lee et al[48] Korea 102 9 Prospective single-center b-p MASLD 47 ± 24.82 59 (57.8) 25.6 ± 5.49 74.0 ± 70.7 17 (16.7)

Jang et al[49] Korea 132 5 Prospective cross-
sectional multicentric

b-p MASLD 39.67 ±
20.24

69 (52.3) 24.9 ± 3.75 38.5 ± 47.6 30 (22.7)

Laroia et al[50] India 50 10 Prospective cross-
sectional single-center

b-p MASH 46.76 ± 10.7 19 (38) — — —

Kim et al[51] Korea 60 10 Retrospective single-
center

b-p MASLD
b-p MASH

50.9 ± 13.4 32 (53.3) 29.9 ± 4.3 101.1 ± 69.6 37 (61.7)
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biopsy-proven MASLD by applying a bivariate logit-
normal random effects model.

Study quality assessment

The methodological quality was assessed with the
QUADAS-2 tool,[28] as summarized in Supplemental
Table S3, http://links.lww.com/HEP/J663, Supplemental
Figures S1, S2, http://links.lww.com/HEP/J663. Nine-
teen (95%) studies had no risk of bias or applicability
concerns. The studies that did not explicitly state
whether consecutive or random sampling was made
were judged as having a “high risk” of bias in the patient
selection domain of the QUADAS-2 tool. This included 3
(15%) studies out of 20. Regarding the index test
domain, the QUADAS-2 tool was judged as “high risk”
for all the included studies, as a prespecified threshold
for 2D-SWE is not currently being used.[19] The flow and
timing domain of the QUADAS-2 tool was judged as
having an “unclear risk” of bias in 19 (95%) studies, as
the “intention to diagnose” approach was specified in
one study.

Diagnostic performance of 2D-SWE by kPa
for different stages of liver fibrosis by
multiple threshold data meta-analysis

Mild fibrosis (≥F1; F0 vs. F1-F4)

The diagnostic accuracy in detecting mild fibrosis
(≥F1) was investigated in 9 (45%) studies that reported
the results in kPa. The sAUC [95% CI], Se [95% CI],
and Sp [95% CI], when all US machines were
considered together, were 0.82 [0.16–0.98], 0.76
[0.66–0.83], and 0.76 [0.60–0.86], respectively, with
an optimal cutoff for depicting ≥F1 of 6.432 kPa
(Figure 2A, Table 2).

Significant fibrosis (≥F2; F0-F1 vs. F2-F4)

The diagnostic accuracy in detecting significant fibrosis
(≥F2) was investigated in 16 (80%) studies that
reported the results in kPa. The sAUC [95% CI], Se
[95% CI], and Sp [95% CI], when all US machines were
considered together, were 0.82 [0.76–0.88], 0.76
[0.65–0.84], and 0.76 [0.65–0.84], respectively, with
an optimal cutoff for depicting ≥F2 of 8.174 kPa
(Figure 2B, Table 2).

Advanced fibrosis (≥F3; F0-F2 vs. F3-F4)

The diagnostic accuracy in detecting advanced fibrosis
(≥F3) was investigated in 17 (85%) studies thatM
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reported the results in kPa. The sAUC [95% CI], Se
[95% CI], and Sp [95% CI], when all US machines were
considered together, were 0.86 [0.77–0.93], 0.79
[0.67–0.88], and 0.79 [0.71–0.86], respectively, with
an optimal cutoff for depicting ≥F3 of 9.418 kPa
(Figure 2C, Table 2).

Cirrhosis (F4; F0-F3 vs. F4)

The diagnostic accuracy in detecting cirrhosis (F4) was
investigated in 12 (60%) studies that reported the
results in kPa. The sAUC [95% CI], Se [95% CI], and
Sp [95% CI], when all US machines were considered
together, were 0.89 [0.80–0.95], 0.82 [0.66–0.91], and
0.82 [0.75–0.87], respectively, with an optimal cutoff for
depicting F4 of 11.548 kPa (Figure 2D, Table 2).

Diagnostic performance of 2D-SWE by m/s
for different stages of liver fibrosis by
multiple threshold data meta-analyses

The diagnostic accuracy in detecting ≥F2, ≥F3, and
F4 was investigated in 3 (15%), 3 (15%), and 3 (15%)

studies that reported the results in m/s, respectively.
The sAUC [95% CI], Se [95% CI], and Sp [95% CI]
were 0.82 [0.65–0.94], 0.76 [0.42–0.93], and 0.76
[0.43–0.93] for ≥F2; 0.84 [0.51–0.95], 0.77
[0.63–0.87], and 0.77 [0.70–0.83] for ≥F3; 0.89
[0.38–0.99], 0.82 [0.56–0.94], and 0.82 [0.75–0.88]
for F4, respectively. The optimal cutoffs in detecting
≥F2, ≥F3, and F4 were 1.481, 1.633, and 1.748 m/s,
respectively (Supplemental Figure S3, http://links.lww.
com/HEP/J663, Table 2).

Se analysis of the diagnostic performance
of 2D-SWE (kPa) for different stages of liver
fibrosis

In Figure 3, Supplemental Figures 3–5, http://links.lww.
com/HEP/J663, Supplemental Tables S4, S5, and S8,
http://links.lww.com/HEP/J663, we explored heteroge-
neity across studies by performing Se analyses.
Moreover, we performed an analysis excluding the
bariatric surgery population that yielded similar results
(Supplemental Table S8, http://links.lww.com/HEP/
J663). A summary of the optimal cutoff values is shown
in Figure 4.

1.0

(A) (B) (C) (D)

(E) (F) (G) (H)

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

All US devices together

SuperSonic Imagine

Mild fibrosis
≥F1; F0 vs. F1-F4

Significant fibrosis
≥F2; F0-F1 vs. F2-F4 

Advanced fibrosis
≥F3; F0-F2 vs. F3-F4

Cirrhosis
F4; F0-F3 vs. F4

Mild fibrosis
≥F1; F0 vs. F1-F4

Significant fibrosis
≥F2; F0-F1 vs. F2-F4 

Advanced fibrosis
≥F3; F0-F2 vs. F3-F4

Cirrhosis
F4; F0-F3 vs. F4

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity

1 - Specificity1 - Specificity1 - Specificity1 - Specificity

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

Se
ns

iti
vi

ty

N. of studies/ n. of cut-offs: 9/13
Optimal cut-off: 6.432 kPa

Sens: 0.76 [95% Cl: 0.66-0.83]
Spec: 0.76 [95% Cl: 0.60-0.86]
sAUC: 0.82 [95% Cl: 0.16-0.98]

N. of studies/ n. of cut-offs: 17/29
Optimal cut-off: 9.418 kPa

Sens: 0.79 [95% Cl: 0.67-0.88]
Spec: 0.79 [95% Cl: 0.71-0.86]
sAUC: 0.86 [95% Cl: 0.77-0.93]

N. of studies/ n. of cut-offs: 16/28
Optimal cut-off: 8.174 kPa

Sens: 0.76 [95% Cl: 0.65-0.84]
Spec: 0.76 [95% Cl: 0.65-0.84]
sAUC: 0.82 [95% Cl: 0.76-0.88]

N. of studies/ n. of cut-offs: 12/20
Optimal cut-off: 11.548 kPa

Sens: 0.82 [95% Cl: 0.66-0.91]
Spec: 0.82 [95% Cl: 0.75-0.87]
sAUC: 0.89 [95% Cl: 0.80-0.95]

N. of studies/ n. of cut-offs: 3/5
Optimal cut-off: 7.305 kPa

Sens: 0.73 [95% Cl: 0.45-0.90]
Spec: 0.73 [95% Cl: 0.41-0.91]
sAUC: 0.79 [95% Cl: 0.24-0.97]

N. of studies/ n. of cut-offs: 9/17
Optimal cut-off: 8.284 kPa

Sens: 0.75 [95% Cl: 0.63-0.84]
Spec: 0.75 [95% Cl: 0.63-0.85]
sAUC: 0.82 [95% Cl: 0.74-0.88]

N. of studies/ n. of cut-offs: 9/17
Optimal cut-off: 10.172 kPa

Sens: 0.79 [95% Cl: 0.67-0.88]
Spec: 0.79 [95% Cl: 0.70-0.86]
sAUC: 0.86 [95% Cl: 0.76-0.93]

N. of studies/ n. of cut-offs: 7/15
Optimal cut-off: 11.848 kPa

Sens: 0.81 [95% Cl: 0.66-0.90]
Spec: 0.81 [95% Cl: 0.73-0.88]
sAUC: 0.88 [95% Cl: 0.78-0.94]

F IGURE 2 sAUC by multilevel random effects (CICS) model for multiple thresholds data for all US devices together and SuperSonic Imagine
(kPa). (A) Mild fibrosis by all US devices; (B) significant fibrosis by all US devices; (C) advanced fibrosis by all US devices; (D) cirrhosis by all US
devices; (E) Mild fibrosis by Supersonic Image; (F) significant fibrosis by Supersonic Image; (G) advanced fibrosis by Supersonic Image; (H)
cirrhosis by all Supersonic Image. Created in BioRender. Taru, M. (2024) https://BioRender.com/o82f827. Abbreviations: CICS, common random
intercept and common slope; F1, mild fibrosis; F2, significant fibrosis; F3, advanced fibrosis; F4, fibrosis; N, number; sAUC, summary area under
the receiver operator characteristic curve; Sens, sensitivity; Spec, specificity; US, ultrasound.
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Asian population

The diagnostic accuracy in detecting ≥F1, ≥F2, ≥F3,
and F4 was investigated in 8 (40%), 11 (55%), 12
(60%), and 9 (45%) Asian studies that reported the
results in kPa, respectively. The sAUC [95% CI], Se
[95% CI], and Sp [95% CI] were 0.83 [0.73–0.90], 0.76
[0.62–0.86], and 0.76 [0.57–0.88] for ≥F1; 0.80
[0.69–0.88], 0.74 [0.60–0.84], and 0.74 [0.63–0.83] for
≥F2; 0.84 [0.43–0.96], 0.78 [0.60–0.89], and 0.78
[0.68–0.85] for ≥F3; 0.90 [0.78–0.97], and 0.83
[0.62–0.94], and 0.83 [0.75–0.89] for F4, respectively.
The optimal cutoffs in detecting ≥F1, ≥F2, ≥F3, and
F4 were 6.953, 8.561, 10.182, and 12.466 kPa,
respectively (Table 3, Figure 3).

Population with T2DM

The diagnostic accuracy in detecting ≥F2, ≥F3, and
F4 for the population with T2DM was investigated in 9
(45%), 10 (50%), and 6 (30%) studies that reported the
results in kPa, respectively. The sAUC [95% CI], Se
[95% CI], and Sp [95% CI] were 0.84 [0.77–0.90], 0.77
[0.64–0.87], and 0.77 [0.63–0.87] for ≥F2; 0.88
[0.81–0.93], 0.81 [0.68–0.90], and 0.81 [0.69–0.89] for
≥F3; 0.88 [0.81–0.93], 0.81 [0.67–0.90], and 0.81
[0.73–0.87] for F4, respectively. The optimal cutoffs in
detecting ≥F2, ≥F3, and F4 were 7.961, 9.010, and
11.760 kPa, respectively (Table 3, Figure 3).

Type of US manufacturer

SuperSonic Imagine
The diagnostic accuracy in detecting ≥F1, ≥F2,
≥F3, and F4 by SuperSonic Imagine (SSI) was
investigated in 3 (15%), 9 (45%), 9 (45%), and 7
(35%) studies that reported the results in kPa,
respectively. The sAUC [95% CI], Se [95% CI], and
Sp [95% CI] were 0.79 [0.24–0.97], 0.73 [0.45–0.90],
and 0.73 [0.41–0.91] for ≥F1; 0.82 [0.74–0.88], 0.75
[0.63–0.84], and 0.75 [0.63–0.85] for ≥F2; 0.86
[0.76–0.93], 0.79 [0.67–0.88], and 0.79 [0.70–0.86]
for ≥F3; 0.88 [0.78–0.94], 0.81 [0.66–0.90], and 0.81
[0.73–0.88] for F4, respectively. The optimal cutoffs in
detecting ≥F1, ≥ F2, ≥ F3, and F4 were 7.305, 8.284,
10.172, and 11.848 kPa, respectively (Table 3,
Figure 2).

Canon Medical Systems/Toshiba
The diagnostic accuracy in detecting ≥F2 and ≥F3 by
Canon Medical Systems/Toshiba was investigated in 4
(20%) studies. The sAUC [95% CI], Se [95% CI], and
Sp [95% CI] were 0.82 [0.26–0.96], 0.75 [0.45–0.91],
and 0.76 [0.61–0.86] for ≥F2; 0.86 [0.21–0.98], 0.80T
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[0.51–0.94], and 0.80 [0.69–0.87] for ≥F3, respectively.
The optimal cutoffs in detecting ≥F2 and ≥F3 were
7.226 and 7.831 kPa, respectively (Table 3, Supple-
mental Figure S4, http://links.lww.com/HEP/J663).

General Electric Healthcare
The diagnostic accuracy in detecting ≥F2 and ≥F3 by
General Electric Healthcare was investigated in 3 (15%)
and 4 (20%) studies, respectively. The sAUC [95% CI],

Asian studies
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N. of studies/ n. of cut-offs: 11/16
Optimal cut-off: 8.561 kPa

Sens: 0.74 [95% Cl: 0.60-0.84]
Spec: 0.74 [95% Cl: 0.63-0.83]
sAUC: 0.80 [95% Cl: 0.69-0.88]

N. of studies/ n. of cut-offs: 12/17
Optimal cut-off: 10.182 kPa

Sens: 0.78 [95% Cl: 0.60-0.89]
Spec: 0.78 [95% Cl: 0.68-0.85]
sAUC: 0.84 [95% Cl: 0.43-0.96]

N. of studies/ n. of cut-offs: 9/12
Optimal cut-off: 12.466 kPa

Sens: 0.83 [95% Cl: 0.62-0.94]
Spec: 0.83 [95% Cl: 0.75-0.89]
sAUC: 0.90 [95% Cl: 0.78-0.97]

N. of studies/ n. of cut-offs: 6/10
Optimal cut-off: 11.760 kPa

Sens: 0.81 [95% Cl: 0.67-0.90]
Spec: 0.81 [95% Cl: 0.73-0.87]
sAUC: 0.88 [95% Cl: 0.81-0.93]

N. of studies/ n. of cut-offs: 10/16
Optimal cut-off: 9.010 kPa

Sens: 0.81 [95% Cl: 0.68-0.90]
Spec: 0.81 [95% Cl: 0.69-0.89]
sAUC: 0.88 [95% Cl: 0.81-0.93]

N. of studies/ n. of cut-offs: 9/15
Optimal cut-off: 7.961 kPa

Sens: 0.77 [95% Cl: 0.64-0.87]
Spec: 0.77 [95% Cl: 0.63-0.87]
sAUC: 0.84 [95% Cl: 0.77-0.90]

N. of studies/ n. of cut-offs: 13/23
Optimal cut-off: 7.945 kPa

Sens: 0.77 [95% Cl: 0.65-0.85]
Spec: 0.77 [95% Cl: 0.65-0.85]
sAUC: 0.83 [95% Cl: 0.77-0.89]

N. of studies/ n. of cut-offs : 14/24
Optimal cut-off: 9.040 kPa

Sens: 0.80 [95% Cl: 0.68-0.88]
Spec: 0.80 [95% Cl: 0.71-0.87]
sAUC: 0.87 [95% Cl: 0.80-0.92]

N. of studies/ n. of cut-offs: 9/15
Optimal cut-off: 11.614 kPa

Sens: 0.81 [95% Cl: 0.66-0.91]
Spec: 0.81 [95% Cl: 0.74-0.87]
sAUC: 0.88 [95% Cl: 0.79-0.94]

F IGURE 3 sAUC by multilevel random effects (CICS) model for multiple thresholds data for sensitivity analysis for different subpopulations
(kPa). (A) significant fibrosis in Asian studies; (B) advanced fibrosis in Asian studies; (C) cirrhosis in Asian studies; (D) significant fibrosis in type 2
diabetes mellitus; (E) advanced fibrosis in type 2 diabetes mellitus; (F) cirrhosis In type 2 diabetes mellitus; (G) significant fibrosis in obesity; (H)
advanced fibrosis in obesity; (I) cirrhosis in obesity. Created in BioRender. Taru, M. (2024) https://BioRender.com/a51n542. Abbreviations: CICS,
common random intercept and common slope; F2, significant fibrosis; F3, advanced fibrosis; F4, cirrhosis; N, number; sAUC, summary area under
the receiver operator characteristic curve; Sens, sensitivity; Spec, specificity; T2DM, type 2 diabetes mellitus.
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Se [95% CI], and Sp [95% CI] were 0.88 [0.74–0.95],
0.81 [0.56–0.94], and 0.81 [0.56–0.94] for ≥F2; 0.90
[0.77 – 0.96], 0.84 [0.60 – 0.95], and 0.84 [0.62 – 0.94]
for ≥F3, respectively. The optimal cutoffs in detecting
≥F2 and ≥F3 were 7.204 and 8.060 kPa, respectively
(Table 3, Supplemental Figure S4, http://links.lww.com/
HEP/J663).

Se analysis of the diagnostic performance
of 2D-SWE (kPa) in different clinical
scenarios

We evaluated the accuracy of 2D-SWE cutoffs in
different disease prevalences representing different
clinical scenarios (1%, 2.5%, 5%, 10%, 20%, 30%,
40%, 50%, 60%, and 70%). We also calculated the
NPV and PPV for different stages of liver fibrosis
(pretest probability) in different subpopulations. The
results are found in Table 4 and Supplemental Tables
S10–S14, http://links.lww.com/HEP/J663. An Se anal-
ysis of the diagnostic performance of 2D-SWE based on
ALT levels (stratified by quartiles) is shown in Supple-
mental Table S15, http://links.lww.com/HEP/J663 and
Supplemental Figure S6, http://links.lww.com/HEP/
J663. Finally, Supplemental Table S16, http://links.
lww.com/HEP/J663 and Supplemental Figure S7,

http://links.lww.com/HEP/J663 present the diagnostic
performance of VCTE in identifying various stages of
liver fibrosis in biopsy-proven MASLD, utilizing a multi-
level random effects model.

DISCUSSION

Our study employs a multi-threshold approach within
the meta-analysis to provide robust evidence on the
applicability of 2D-SWE for identifying various stages of
liver fibrosis and to contribute to the standardization of
cutoff values. This standardization has the potential to
advance the field and offer practical cutoff value for
clinical practice (Figure 4).

The 2017 EFSUMB Guidelines indicate that 2D-SWE
measurement bias can vary based on the software
used.[19] However, technological advancements have
reduced variance in fibrosis staging across US systems,
largely due to the efforts of the Quantitative Image
Biomarker Alliance (QIBA).[55,56] Current guidelines and
position papers highlight the need for standardized
thresholds for 2D-SWE.[19,20,22,57–59] The Society of
Radiologists in Ultrasound (SRU) consensus statement
suggests that unique cutoff values for each manufac-
turer may not be necessary.[22] Despite this, discrepan-
cies in cutoff values exist, particularly among patients

Optimal cut-off values for identifying different stages of liver fibrosis in biopsy-proven MASLD

Optimal cut-off values for ruling-out advanced fibrosis (≥F3) at different pre-test probabilities in biopsy-proven MASLD

Groups

All ultrasound devices together
(m/s)

SuperSonic Imagine
(kPa)

General Electric Healthcare
(kPa)

Canon Medical Systems/Toshiba
(kPa)

All ultrasound devices together
(kPa)

All ultrasound devices together

6.5 kPa

All ultrasound devices together

1.34 m/s

SuperSonic Imagine

7.4 kPa

6.4 kPa
sAUC: 0.82 [95% CI: 0.16-0.98]

8.2 kPa
sAUC: 0.82 [95% CI: 0.76-0.88]

9.4 kPa
sAUC: 0.86 [95% CI: 0.77-0.93]

11.6 kPa
sAUC: 0.89 [95% CI: 0.80-0.95]

1.74 m/s
sAUC: 0.89 [95% CI: 0.38-0.99]

11.8 kPa
sAUC: 0.88 [95% CI: 0.78-0.94]

1.63 m/s
sAUC: 0.84 [95% CI: 0.51-0.95]

10.2 kPa
sAUC: 0.86 [95% CI: 0.76-0.93]

8.1 kPa
sAUC: 0.90 [95% CI: 0.77-0.96]

7.8 kPa
sAUC: 0.86 [95% CI: 0.21-0.98]

7.2 kPa
sAUC: 0.88 [95% CI: 0.74-0.95]

7.2 kPa
sAUC: 0.82 [95% CI: 0.26-0.96]

1.48 m/s
sAUC: 0.82 [95% CI: 0.65-0.94]

8.3 kPa
sAUC: 0.82 [95% CI: 0.74-0.88]

7.3 kPa
sAUC: 0.79 [95% CI: 0.24-0.97]

Mild fibrosis

≥F1; F0 vs. F1-F4≥F1; F0 vs. F1-F4 ≥F2; F0-F1 vs. F2-F4≥F2; F0-F1 vs. F2-F4 ≥F3; F0-F2 vs. F3-F4≥F3; F0-F2 vs. F3-F4 F4; F0-F3 vs. F4F4; F0-F3 vs. F4

Significant fibrosis Advanced fibrosis Cirrhosis

N/A

N/A

N/A

N/A

N/A

Pre-test probability 5% 10% 30% 60%

NPV=0.99 NPV=0.98 NPV=0.94 NPV=0.81

NPV=0.81

NPV=0.79

NPV=0.94

NPV=0.93NPV=0.98NPV=0.99

NA NA

F IGURE 4 Optimal 2D-SWE cutoff values for differentiating different stages of liver fibrosis in biopsy-proven MASLD. Abbreviations: MASLD,
metabolic dysfunction–associated steatotic liver disease; N/A, not available; NPV, negative predictive value; PPV, positive predictive value; sAUC,
summary area under the receiver operator characteristic curve.
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with compensated advanced chronic liver disease
(cACLD).[60] Proposed 2D-SWE cutoff values from
various guidelines are presented in Supplemental Table
S17, http://links.lww.com/HEP/J663, although their
interpretation has been cautious pending further
validation.

This meta-analysis specifically aims to standardize
and validate 2D-SWE thresholds. The SRU and
WFUMB recommend the “rule of four” for acoustic
radiation force impulse techniques in diagnosing
cACLD.[22,58] In patients with MASLD, lower cutoffs
may be applicable, with follow-up testing recommended
for values between 7 and 9 kPa.[22] According to the
AASLD practice guidelines, 2D-SWE values < 7–8 kPa
could rule out cACLD, while cutoffs between 13 and
16 kPa could confirm cACLD and values of 17–20 kPa
could predict the presence of varices and
decompensation.[20]

When compared to VCTE, 2D-SWE (particularly SSI)
demonstrates similar accuracy,[19] with potentially
greater applicability, as most modern US machines
include elastography software.[61] In our meta-analysis,
the cutoff values derived from the multilevel random
effects model align with current guidelines: the optimal
cutoff values are 6.4, 8.2, 9.4, and 11.6 kPa for stages
≥F1, ≥F2, ≥F3, and F4, respectively; 6.5 kPa to rule
out ≥F3, and 13.6 kPa to rule in ≥F3. For SSI
machines specifically, accounting for 9 studies (45% of
the total), the optimal cutoff values are 7.3, 8.3, 10.2,
and 11.8 kPa for ≥F1, ≥F2, ≥F3, and F4, respec-
tively; 7.4 kPa to rule out ≥F3 and 14 kPa to rule in
≥F3.

In addition, we reported thresholds based on different
pretest probabilities, as cutoff values can vary depending
on the prevalence of the condition within the target
population.[20] The prevalence of advanced fibrosis in
high-risk MASLD populations ranges from 4% to 33%,[57]

with our study population showing a prevalence of
17.9%. We provided cutoff values for different stages of
liver fibrosis at various pretest probabilities, reflecting
clinical scenarios in both primary care and tertiary
hospital settings.

Overall diagnostic performance of 2D-SWE

We identified optimized cutoff values for each fibrosis
stage with excellent sAUC, Se, and Sp. When pooling
data from all US manufacturers, 2D-SWE showed
excellent Se and Sp for detecting mild fibrosis (≥F1),
significant fibrosis (≥F2), advanced fibrosis (≥F3), and
cirrhosis (F4), with optimal cutoffs ranging from 6.432 to
11.548 kPa. When examining how ethnicity and comor-
bidities affect the accuracy of 2D-SWE, the optimal
cutoffs showed minor differences, but these were not
significant. In the Asian population, the optimal cutoffs
tended to be higher for every stage of liver fibrosis. ThisT
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TABLE 4 Sensitivity analysis of the diagnostic performance of 2D-SWE (kPa) for different stages of liver fibrosis by multilevel random effects model

Fibrosis stage
No. studies/
no. cutoffs Cutoff Se [95% CI] Sp [95% CI]

sAUC for Se given Sp
[95% CI]

sAUC for Sp given Se
[95% CI]

Measurement in kPa

Asian population

Mild fibrosis, ≥F1; F0 vs. F1-F4 8/10 6.953 0.76 [0.62–0.86] 0.76 [0.57–0.88] 0.83 [0.73–0.90] 0.83 [0.70–0.91]

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 11/16 8.561 0.74 [0.60–0.84] 0.74 [0.63–0.83] 0.80 [0.69–0.88] 0.80 [0.71–0.88]

Advanced fibrosis, ≥F3; F0-F2 vs. F3-F4 12/17 10.182 0.78 [0.60–0.89] 0.78 [0.68–0.85] 0.84 [0.43–0.96] 0.84 [0.47–0.96]

Cirrhosis, F4; F0-F3 vs. F4 9/12 12.466 0.83 [0.62–0.94] 0.83 [0.75–0.89] 0.90 [0.78–0.97] 0.90 [0.81–0.95]

Population with T2DM

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 9/15 7.961 0.77 [0.64–0.87] 0.77 [0.63–0.87] 0.84 [0.77–0.90] 0.84 [0.76–0.90]

Advanced fibrosis, ≥F3; F0-F2 vs. F3-F4 10/16 9.010 0.81 [0.68–0.90] 0.81 [0.69–0.89] 0.88 [0.81–0.93] 0.88 [0.81–0.92]

Cirrhosis, F4; F0-F3 vs. F4 6/10 11.760 0.81 [0.67–0.90] 0.81 [0.73–0.87] 0.88 [0.81–0.93] 0.88 [0.83–0.91]

Population with obesity

Mild fibrosis, ≥F1; F0 vs. F1-F4 7/11 6.792 0.74 [0.61–0.84] 0.74 [0.56–0.87] 0.81 [0.72–0.87] 0.81 [0.69–0.89]

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 13/23 7.945 0.77 [0.65–0.85] 0.77 [0.65–0.85] 0.83 [0.77–0.89] 0.83 [0.76–0.88]

Advanced fibrosis, ≥F3; F0-F2 vs. F3-F4 14/24 9.040 0.80 [0.68–0.88] 0.80 [0.71–0.87] 0.87 [0.80–0.92] 0.87 [0.81–0.91]

Cirrhosis, F4; F0-F3 vs. F4 9/15 11.614 0.81 [0.66–0.91] 0.81 [0.74–0.87] 0.88 [0.79–0.94] 0.88 [0.82–0.93]

Type of ultrasound manufacturer

SuperSonic Imagine

Mild fibrosis, ≥F1; F0 vs. F1-F4 3/5 7.305 0.73 [0.45–0.90] 0.73 [0.41–0.91] 0.79 [0.24–0.97] 0.79 [0.12–0.97]

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 9/17 8.284 0.75 [0.63–0.84] 0.75 [0.63–0.85] 0.82 [0.74–0.88] 0.82 [0.73–0.88]

Advanced fibrosis, ≥F3; F0-F2 vs. F3-F4 9/17 10.172 0.79 [0.67–0.88] 0.79 [0.70–0.86] 0.86 [0.76–0.93] 0.86 [0.76–0.92]

Cirrhosis, F4; F0-F3 vs. F4 7/15 11.848 0.81 [0.66–0.90] 0.81 [0.73–0.88] 0.88 [0.78–0.94] 0.88 [0.81–0.93]

Canon Medical Systems/Toshiba

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 4/6 7.226 0.75 [0.45–0.91] 0.76 [0.61–0.86] 0.82 [0.26–0.96] 0.82 [0.38–0.96]

Advanced fibrosis, ≥F3; F0-F2 vs. F3-F4 4/6 7.831 0.80 [0.51–0.94] 0.80 [0.69–0.87] 0.86 [0.21–0.98] 0.86 [0.33–0.97]

General Electric Healthcare

Significant fibrosis, ≥F2; F0-F1 vs. F2-F4 3/5 7.204 0.81 [0.56–0.94] 0.81 [0.56–0.94] 0.88 [0.74–0.95] 0.88 [0.76–0.95]

Advanced fibrosis, ≥F3; F0-F2 vs. F3–F4 4/6 8.060 0.84 [0.60–0.95] 0.84 [0.62–0.94] 0.90 [0.77–0.96] 0.90 [0.81–0.97]

Abbreviations: 2D-SWE, 2-dimensional shear-wave elastography; F1, mild fibrosis; F2, significant fibrosis; F3, advanced fibrosis; F4, cirrhosis; sAUC, summary area under the receiver operator characteristic curve; Se,
sensitivity; Sp, specificity; T2DM, type 2 diabetes mellitus.
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variation could be explained by population differences.
However, after conducting subanalyses, it can be
concluded that these values did not vary significantly.

After optimizing the thresholds, ≥F3 could be ruled
out with excellent Se and NPV for all US devices
together (7.4 kPa), T2DM subpopulation (7.7 kPa), the
subgroup with prevalent obesity (7 kPa), non-Asian
studies (7.5 kPa), and thresholds that are comparable to
the 8 kPa cutoff proposed for LSM-VCTE.[15] Similarly,
the rule-in cutoffs for ≥F3 with excellent Sp and PPV by
all US devices together (13.6 kPa), among the T2DM
subpopulation (10.6 kPa), the subpopulation with
prevalent obesity (11.7 kPa) are comparable to the
12 kPa cutoff proposed for LSM-VCTE.[15]

Type of US manufacturer

The optimized thresholds provided by SSI for diagnos-
ing different stages of liver fibrosis were 7.3 kPa for
≥F1, 8.3 kPa for ≥F2, 10.2 kPa for ≥F3, and 11.9 kPa
for F4. These values were similar to those obtained
when all US devices were analyzed together. However,
cutoffs provided by Canon Medical Systems/Toshiba
(7.3 kPa for ≥F2, 7.8 kPa for ≥F3) and General
Electric Healthcare (7.2 kPa for ≥F2, 8.1 kPa for ≥F3)
tended to be lower, keeping in with some previous
comparative findings.[21] The difference in cutoff values
might be attributed to specific characteristics of the US
machine, including transducer technology, signal proc-
essing methods, shear-wave frequency, and calibration
standards.[19] The threshold variation could also be
explained by the fact that a considerable proportion of
the studies included in the meta-analysis (9 out of 20,
45%) reported SSI. Nevertheless, machines from all
companies demonstrate excellent performance in diag-
nosing different stages of liver fibrosis, albeit with slight
variations in Se and Sp. Therefore, these differences
may arise from the technical aspects of the machines,
underscoring the need for standardized reporting and
broad validation across US platforms.[22]

Comparison with similar published meta-
analyses

Our meta-analysis stands out from previous studies in
its application of a multilevel random effects model in
biopsy-proven MASLD, a novel approach that has not
been used before. While other studies have evaluated
the diagnostic performance of 2D-SWE in mixed liver
disease etiologies, or small biopsy-proven MASLD
cohorts, none have taken this unique approach. Only
Selvaraj et al[14] and Herrmann et al[62] have meta-
analyzed data from 4 SSI studies, with comparable
results regarding sAUC values (Supplemental Table
S18, http://links.lww.com/HEP/J663).

Strengths and limitations

Our meta-analysis has significant strengths. First, we
applied a multilevel random effects model, demon-
strating robustness and improved efficacy compared
to the standard bivariate model.[63,64] Second, we
conducted a systematic literature search without any
restrictions on sex, race, ethnicity, or language of
publication. Third, we identified the optimized cutoff
values for fibrosis staging from the vastest cohort of
biopsy-proven MASLD. Despite these strengths, cer-
tain limitations must be acknowledged. The heteroge-
neity in study designs and US manufacturers may
account for variability in the results. In addition, our
reliance on published data restricted our capacity to
control for potential confounders, including individual
patient characteristics and factors that could have
influenced 2D-SWE measurements, such as hyper-
volemia or chronic renal disease. Addressing these
limitations would necessitate an individual patient data
meta-analysis. To minimize this risk, we restricted our
inclusion to studies that utilized histology as the
reference standard.

The methodological quality of the included studies
was not always optimal. Most of the studies did not
follow the “intention to diagnose” approach when
assessed using the QUADAS-2 tool. Thus, selection
bias in flow and timing could not be excluded. The lack
of an “intention to diagnose” approach across studies
demonstrates the relatively low quality of some publi-
cations on this topic. Therefore, researchers and
publishers should consider this approach for future
publications on 2D-SWE.

CONCLUSIONS

In conclusion, this meta-analysis utilizing a multilevel
random effects model provides strong evidence
supporting the effectiveness of 2D-SWE in accurately
identifying stages of liver fibrosis in patients with
metabolic-associated steatotic liver disease. The
findings, derived from over 2000 patients with
biopsy-confirmed MASLD, emphasize the importance
of incorporating patient-specific factors and variations
in machine performance to achieve reliable non-
invasive assessments. Standardized cutoff values
established in this study can guide clinicians in
making informed decisions and enhance patient risk
stratification.
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