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Understanding confounding factors allows for accurate
interpretation of liver stiffness measurements by ElastQ, a novel 2D
shear wave elastography technique

Das Verstidndnis von verzerrenden Faktoren ermdéglicht die akkurate
Interpretation von Lebersteifigkeitsmessungen mittels ElastQ, einer

neuen 2-D-Scherwellen-Elastographie-Technik
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ABSTRACT

Purpose Liver stiffness measurement (LSM) using vibration-
controlled transient elastography (VCTE) or two-dimensional
shear wave elastography (2 D-SWE) is recommended to assess
the risk of liver fibrosis and advanced chronic liver disease. Even
though both techniques measure liver stiffness, their numerical
results often diverge. Confounders and reliability criteria for
2 D-SWE have not been systematically investigated.

Materials and Methods We prospectively recruited partici-
pants with paired LSM by VCTE and the novel 2 D-SWE tech-
nique ElastQ (Philips) in three European tertiary centers. The
following parameters were recorded: sex, age, body mass in-
dex (BMI), etiology, laboratory markers of liver damage and
function, as well as cholestasis, LSM by VCTE and controlled
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attenuation parameter (CAP), interquartile range (IQR)/medi-
an for VCTE-LSM and ElastQ-LSM, and the skin-to-liver capsule
distance.

Results We included 840 participants: 447 (53.2 %) males; me-
dian age 57.0 [IQR:19.0] years; median BMI 25.4 [6.0] kg/m?;
median VCTE-LSM 7.25 [9.2] kPa; median ElastQ-LSM 6.7 [5.4]
kPa. On uni- and multivariable modeling (adjusted for LSM), we
found that the discrepancy increased with liver stiffness and
markers of disease severity. Skin-to-liver capsule distance and
BMI affected VCTE-LSM more compared to ElastQ-LSM and
significantly increased the discordance between the two
measurements.

Conclusion The discrepancy of ElastQ-LSM to VCTE-LSM in-
creases with liver stiffness and disease severity. BMI and skin-
to-liver capsule distance increase the discrepancy between
VCTE- and ElastQ-LSM but affect ElastQ-LSM less. The quality
criterion IQR/median <30 % indicates reliable ElastQ-LSM.

ZUSAMMENFASSUNG

Hintergrund Trotz gleicher MessgroRe (Lebersteifigkeit) zei-
gen VCTE und die neue 2 D-SWE-Technik ElastQ oft diver-
gente Ergebnisse. Die verzerrenden Faktoren und Zuverl3ssig-
keitskriterien fiir 2 D-SWE wurden bislang nicht systematisch
untersucht.

Materialen und Methoden Wir rekrutierten prospektiv Teil-
nehmer mit gepaarten LSM-Messungen mittels VCTE und der

neuen 2 D-SWE-Technik ElastQ (Philips) in 3 europdischen Ter-
tidrzentren. Die folgenden Parameter wurden erfasst: Ges-
chlecht, Alter, Body-Mass-Index (BMI), Atiologie, Labormarker
fur Leberschaden und -funktion sowie Cholestase, LSM durch
VCTE und der kontrollierte Dampfungsparameter (CAP), In-
terquartilsabstand (IQR)/Median fiir VCTE-LSM und ElastQ-
LSM, sowie der Abstand von der Haut zur Leberkapsel.
Ergebnisse Wir schlossen 840 Teilnehmer ein: 447 (53,2 %)
Manner; mittleres Alter 57,0 [IQR: 19,0] Jahre; mittlerer BMI
25,4 [1] 99] kg/m?; mittlere VCTE-LSM 7,25 [9],[2] kPa;
mittlere ElastQ-LSM 6,7 [5],[4] kPa. In univariater und multi-
variater Modellierung (angepasst an LSM) stellten wir fest,
dass die Diskrepanz mit der Lebersteifigkeit und den Markern
fiir die Schwere der Erkrankung zunimmt. Der Abstand von
der Haut zur Leberkapsel und der BMI beeinflussten VCTE-
LSM stdrker als ElastQ-LSM und erhohten die Diskrepanz zwi-
schen den beiden Messungen signifikant.

Schlussfolgerung Die Diskrepanz von ElastQ-LSM zu VCTE-
LSM nimmt mit der Lebersteifigkeit und der Schwere der
Erkrankung zu. BMI und der Abstand von der Haut zur Leber-
kapsel erhéhen die Diskrepanz zwischen VCTE- und ElastQ-
LSM, beeinflussen jedoch ElastQ-LSM weniger. Das Qualitdt-
skriterium IQR/Median <30 % zeigt eine zuverldssige ElastQ-
LSM an.

Introduction

Ultrasound-based shear wave elastography (SWE) methods such
as vibration-controlled transient elastography (VCTE) [2], point
shear wave elastography (pSWE) [3], and two-dimensional shear
wave elastography (2 D-SWE) [4] are used to assess fibrosis risk in
people with suspected or diagnosed chronic liver disease. Elasto-
graphy techniques assess the same biomechanical property of the
liver tissue, namely its stiffness. However, various methods and
devices may yield different numerical values for liver stiffness
measurements (LSMs) [1, 3, 5, 6]. Therefore, when assessing
fibrosis risk in patients, different technologies require specific cut-
off values. However, these differences tend to be relatively low in
the range of liver stiffness used for the assessment of the risk of
liver fibrosis or compensated advanced chronic liver disease
(cACLD). This minimal variation allows for the use of general rules,
such as the "rule-of-four", suggested by the Society of Radiologists
in Ultrasound for the acoustic radiation force impulse (ARFI) ima-
ging techniques of different manufacturers [7]. Additionally, it has
been shown that high values obtained by LSM using ARFI tech-
niques are predictive of decompensation and death even above
the range diagnostic for cACLD [8].

Interestingly, even though there is frequently speculation
about factors influencing the difference between LSMs obtained
with different technologies and devices [3, 4, 9, 10, 11], systema-
tic exploration of those factors is sparse, and especially informa-
tion on the interactions between multiple confounders is lacking.

Guidelines for ultrasound-based SWE techniques suggest 5-10
(depending on the technique) LSMs to assess liver stiffness, using
the interquartile range (IQR) to median (IQR/med) ratio to depict
measurement variability [7]. The IQR/med ratio is commonly used
as a quality criterion for the reliability of LSMs. The cutoff of IQR/
med <30 % has been applied to 2 D-SWE without large-scale vali-
dation [7]. However, there is now some data justifying its use in
some pSWE techniques [12]. Therefore, our study aims to system-
atically explore factors that impact the LSM differences between
2 D-SWE and VCTE, including the impact of variability between
single measurements contributing to the final median liver stiff-
ness value as expressed by the IQR/med ratio, the depth of meas-
urement, biomarkers of hepatic steatosis, blood parameters relat-
ed to hepatic inflammation, cholestasis, and hepatic function.

Patients and methods

To investigate factors that could explain the larger discrepancy
between LSMs obtained with VCTE and 2 D-SWE, we analyzed a
range of biometric, clinical, and laboratory data from individuals
who underwent VCTE- and ElastQ-2 D-SWE LSM on the same day
as part of a prospective European multinational comparative
study. Our study population was a subset of a larger cohort that
we previously examined. We included all patients who presented
at the respective centers for liver elastography, encompassing
both individuals with suspected liver conditions and those with
prior liver disease diagnoses. In that prior research, we established
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the correlation between SWE methods and defined specific cut-
offs for the 2 D-SWE technique ElastQ, based on fibrosis risk
groups determined by VCTE [4]. The subset analyzed in this study
was selected for the availability of specific variables of interest
(see below). It is crucial to note that the primary aim of our pre-
vious studies differed from the focus of this investigation. While
the earlier research centered on establishing correlations and
cutoffs, the current study specifically aims to assess potential con-
founders affecting LSM results obtained by both VCTE and ElastQ
technologies. Details regarding the participating study centers
and the laboratory parameter analysis methodologies employed
in this study are thoroughly documented in the supplementary
methods section. The shear wave elastography measurements
were conducted in strict accordance with established best practi-
ces and current guidelines, as referenced in current guidelines [7].
For a comprehensive and detailed account of these measurement
procedures, readers are directed to the supplementary materials.
For a subgroup of patients, the fibrosis grade from liver biopsy
within = 1.5 years of the elastography examination was available.

Statistical Analysis

A description of variable summarization, grouping, statistical test-
ing to compare groups, and the editing and statistical software
used can be found in the supplementary materials.

We used a group of univariate and multivariate linear models
to explore the interaction of VCTE- and ElastQ-LSMs with body
mass index (BMI) and the skin-to-liver capsule distance.

To create measures of numerical difference/discrepancy be-
tween VCTE and ElastQ, we calculated (1) the absolute difference
(=VCTE LSM [kPa] - ElastQ LSM [kPa]), (2) the relative difference
based on VCTE-LSM

absolute difference [kPa]

(= (VCTE LSM [kPa])

, and (3) the ElastQ-IQR/med

(= 3rd Quartile of ElastQ LSM - 1st Quartile of ElastQ LSM
(median ElastQ LSM [kPa])

(1) is robust with respect to the direction of the difference and
thus would show factors increasing the discrepancy randomly
(i. e., in any direction) more strongly, while being affected by the
absolute values of the VCTE- and ElastQ-LSM, so that higher LSMs,
leading to a higher absolute difference, are valued more. (2) cor-
rects for the level of liver stiffness. There is, however, an expected
overlap with (1), because some LSM pairs with a positive differ-
ence are valued in the same way as in (1). (3) is aimed at exploring
factors that increase the variability between single ElastQ meas-
urements constituting the median ElastQ-LSM, which is relevant
for clinical use. In the next step, the impact of various biometric
measurements, laboratory parameters, and scores on the meas-
ures of difference mentioned above was evaluated in two ways:
First, the characteristics of 10 % highest (top) results with regards
to (1) absolute difference, (2) relative difference and (3) ElastQ-
IQR/med were compared to the lowest 10 % (bottom) in each of
the given measures.
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Two sets of linear models assessed the impact of potential con-
founders and their interactions. The first set used the difference
(absolute or relative) between VCTE- and ElastQ-LSM as depen-
dent variables, with potential confounders as independent
variables. The second set included VCTE-LSM as an independent
variable to assess the confounders' impact alongside liver
stiffness. The multivariate models used a forward selection
process, p<0.05 as the inclusion threshold [13]. Pre-selected
independent variables included sex, age, BMI, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), platelets (PLT),
gamma-glutamyl transferase (GGT), alkaline phosphatase (AP),
albumin, international normalized ratio (INR), bilirubin, skin-to-
liver capsule distance, controlled attenuation parameter (CAP),
and CAP-IQR +/- VCTE-LSM. The ethical approval statement can
be found in the supplementary materials.

Results

Population Characteristics

We included 875 individuals with suspected or previously diag-
nosed liver disease from three European tertiary care centers.
Elastography assessments encountered technical failures in a
small number of cases: ElastQ in 24 cases (2.7 %) and VCTE in five
cases (0.6 %), with both methods failing in two instances (0.2 %).
Reliable VCTE-LSMs, defined as VCTE-LSM <7.1 [14] or VCTE-
IQR/med <30% [15], were obtained from 840 (96.0 %) partici-
pants with various liver disease etiologies (> Table 1) (median
age 57.0 years, BMI 14.5-45.9 kg/m?, 53.2 % male). 816 (93.3 %)
of the participants had reliable VCTE as well as reliable ElastQ,
characterized by an ElastQ-LSM IQR/med of <30 % (Supplemen-
tary Table ST-1). Liver biopsy data was available for 78 partici-
pants (Supplementary Table ST-2).

Analysis of the Discrepancy between VCTE-LSM
and 2 D-SWE-ElastQ-LSM

We have previously demonstrated that VCTE-LSM and 2 D-SWE-
ElastQ-LSM show a significant correlation, and both are of prog-
nostic value [4]. This is illustrated in » Fig. 1 of the present paper.
» Fig. 2 and » Fig. 3, using a Bland-Altmann-Leh analysis and a
modified Bland-Altmann-Leh analysis, respectively, reveal a steady
rise in the absolute discrepancy between VCTE-LSM and the
2 D-SWE-ElastQ-LSM, corresponding with rising average LSM
values.

The Impact of BMI and Skin-to-liver Capsule Distance
on the Correlation of VCTE and ElastQ

The correlation between BMI and the skin-to-liver capsule dis-
tance was moderate (Pearson R=0.58, p<0.001; Spearman
p=0.63, p<0.001) and decreased with each step to a higher BMI
quartile and BMI strata (Supplementary Tables ST-3 and ST-4).

Univariate and multivariate modeling showed that a higher
BMI was significantly associated with an increase in VCTE-LSM,
but not in ElastQ-LSM. Details on the statistical models that were
used are described in the supplementary materials and patients
section.
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» Table 1 Characteristics of the study population by research center. Child-Pugh score and MELD score only available for center 2. CAP measure-
ments not available for center 1.

Center 1 Center 2 Center 3 Overall P-value
(N=255) (N=298) (N=287) (N=840)

Sex, N (%)

- F 165 (64.7 %) 97 (32.6%) 131 (45.6%) 393 (46.8%) <0.001

= M 90 (35.3%) 201 (67.4%) 156 (54.4 %) 447 (53.2%)

Age, years

« Median [IQR] 60.0 [16.0] 52.0 [20.8] 58.0 [21.0] 57.0 [19.0] <0.001

BMI, kg/m?

« Median [IQR] 27.1[6.6] 25.0[6.2] 24.6[4.988] 25.4[6.0] <0.001

Etiology, N (%)

= ALD 19 (7.5%) 60 (20.1%) 5(1.7%) 84 (10.0 %) <0.001

= HBV 43(16.9%) 18 (6.0%) 44 (15.3 %) 105 (12.5 %)

= HCV 127 (49.8%) 126 (42.3%) 171 (59.6 %) 424 (50.5%)

= MASLD 55(21.6 %) 37 (12.4%) 41 (14.3%) 133 (15.8 %)

« Cholestatic/AIH 2(0.8%) 21(7.0%) 7(2.4%) 30 (3.6%)

= Other/cryptogenic 9(3.5%) 36 (12.1%) 18 (6.3%) 63 (7.5%)

AST, UL

» Median [IQR] 43 28] 36 [34] 25.0 [18.0] 33[28] <0.001

ALT, UL

= Median [IQR] 45 [35] 30[29] 27.0[25.0] 32[32] <0.001

GGT, UJL

= Median [IQR] 67 [90] 59 [114] 276.5 [50.0] 46 [91] <0.001

ALP, UJL

= Median [IQR] 75 [46] 81 48] 73 [31] 78 [46] 0.277
1.52 [1.21]

Platelet, G/L

= Median [IQR] 190 [88] 164 [125] 192 [75] 180 [101] <0.001
73.0 [30.5]

Albumin, g/dL

= Median [IQR] 37.0[11.0] 41.6[9.3] 44.0 [4.0] 42.5[8.2] <0.001
192 [74.5]

INR

= Median [IQR] 1.07 [0.16] 1.10[0.30] 1.00 [0.09] 1.10[0.30] <0.001
44.0 [4.00]

Bilirubin, mg/dL

« Median [IQR] 0.98 [0.76] 0.69 [0.76] 0.75[0.42] 0.73 [0.65] 0.177
1.00 [0.0900]

FIB-4, points

« Median [IQR] 1.90 [1.80] 2.26 [3.60] 1.52[1.21] 1.81[2.26] <0.001
184 [54.5]

MELD Score, points
= Median [IQR] 7 [3] 8.00 [4.00] 7 [3] 8.00 [4.00] <0.001
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» Table1 (Continuation)

Center 1 Center 2 Center 3 Overall P-value

(N=255) (N=298) (N=287) (N=840)
Child-Pugh score category, N (%)
= A NA 227 (76.2%) NA 227 (26.9%) -
= B NA 40 (13.4%) NA 40 (4.7 %)
= C NA 6(2.0%) NA 6 (0.7 %)
VCTE probe, N (%)
= M 150 (58.8 %) 259 (86.9%) 267 (93.0%) 676 (80.5 %) <0.001
= XL 105 (41.2 %) 37 (12.4%) 20(7.0%) 162 (19.3 %)
VCTE-LSM, median kPa
= Median [IQR] 8.0[7.4] 11.8 [24.8] 6.0 [3.3] 7.3[9.2] <0.001
VCTE-LSM IQR/ med, %
= Median [IQR] 13.0[8.7] 13.0 [10.0] 13.0 [10.0] 13.0 [9.4] 0.991
CAP, dB/m
= Median [IQR] 281 [86.0] 227 [95.8] 243 [73.0] 244 [86.0] <0.001
CAP-IQR
= Median [IQR] NA 33[23] 37.0[25.0] 35 [24] 0.0429
ElastQ-LSM, median kPa
= Median [IQR] 6.5 [5.6] 7.2[6.7] 6.4[3.2] 6.7 [5.4] <0.001
ElastQ-IQR/Med, %
= Median [IQR] 10.2[12.9] 9.7 [10.3] 9.876 [10.1] 10.0 [11.1] 0.556

ALD: alcoholic liver disease; AIH: autoimmune hepatitis; N: number; F: female; HBV: hepatitis B virus; HCV: hepatitis C virus; M: male; IQR: interquartile
range; BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine transaminase; GGT: gamma-glutamyl transferase; FIB-4: fibrosis 4-index;
ALP: alkaline phosphatase; INR: international normalized ratio; VCTE: vibration-controlled transient elastography; LSM: liver stiffness measurement;
MASLD: metabolic dysfunction-associated steatotic liver disease, CAP: controlled attenuation parameter; med: median; NA: not available.

Incorporating BMI and ElastQ-LSM as independent variables in
our model highlighted a more pronounced effect of BMI on VCTE-
LSM. Similarly, a stronger correlation between VCTE-LSM and
ElastQ-LSM was evident in individuals with shorter skin-to-liver
capsule distances, particularly <1.5cm. This correlation intensi-
fied in models accounting for ElastQ-LSM (for additional details
see Supplementary Tables ST-5 and ST-6).

Impact of ElastQ IQR/median on the Correlation
of ElastQ and VCTE

In our study, we observed a significant decrease in the correlation
between ElastQ and VCTE as the interquartile range to median
ratio (IQR/med) cut-offs became more lenient. The correlation
peaked at R=0.70/p=0.75 when the ElastQ IQR/med was <10 %.
In contrast, the correlation was significantly weaker at R=0.45/
p=0.41 for ElastQ IQR/med > 30 %.

The strongest correlation was seen when combining reliable
VCTE measurements and 2 D-SWE-ElastQ measurements with an
IQR/med <10 %. As the IQR/med criterion for 2 D-SWE-ElastQ
was relaxed, particularly beyond 30 %, this correlation progres-
sively diminished. Accordingly, the area under the receiver opera-
tor characteristics (AUC) for the detection of VCTE-LSM > 10kPa,
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also decreased as the ElastQ IQR/med criterion was relaxed. The
same held true for the detection of fibrosis grade = F3 on liver
biopsy in the subpopulation where liver biopsy was available
(» Table 2, Figure SF-1).

Multivariable Analysis of Factors Impacting
the Correlation of VCTE and ElastQ

To explore the interaction of different factors with LSM, we used
several multivariable models as described in the methods. As liver
stiffness increased, so did the gap between VCTE-LSM and ElastQ-
LSM. This trend was associated with indicators of advanced liver
disease. Importantly, this association applied even when analyzing
the absolute difference between VCTE-LSM and ElastQ-LSM, a
metric unaffected by the direction of the discrepancy. More
details are given in Supplementary Tables ST-5 and ST-6 and the
supplementary results.

Additionally, our analyses revealed that a higher INR, higher AP
and GGT, and higher BMI were associated with a larger relative dif-
ference between VCTE and ElastQ (calculated as (VCTE - ElastQ)/
VCTE). Conversely, higher albumin levels were associated with a
smaller relative difference. The specific model parameters are
detailed in Supplementary Table ST-7.
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» Fig. 1 Scatterplot illustrating liver stiffness measurements (LSMs)
as determined by ElastQ and VCTE. The plot includes a dotted grey
regression line and its 95 % confidence interval. Pearson's R value
and the associated p-value are detailed in the lower right corner.

VCTE- and ElastQ-LSM [kPa]

Absolute difference between

Mean of VCTE- and ElastQ-LSM [kPa]

» Fig. 2 Bland-Altman-Leh plot comparing LSMs from VCTE and

2 D-SWE ElastQ. The horizontal axis represents the mean values of
VCTE- and 2 D-SWE ElastQ-LSM, while the vertical axis shows the
absolute differences between these two measurements. The plot
includes the median absolute difference (indicated by the middle
dotted line, with the value specified) and the upper and lower limits
of agreement (represented by the upper and lower dotted lines,
with respective values provided).

Multivariable Analysis of Factors Impacting ElastQ-LSM

In our analysis aimed at determining factors that influence ElastQ-
LSM, we employed VCTE-LSM as a surrogate for LSM. We then
constructed a statistical model with ElastQ-LSM as the dependent
variable, including VCTE-LSM and other variables as independent
variables. This model revealed that higher age, GGT, and bilirubin
were significantly associated with a higher ElastQ-LSM. These
associations persisted even after adjusting for VCTE-LSM. Conver-
sely, a higher PLT, greater skin-to-liver capsule distance, and
ElastQ-IQR/med were significantly linked to lower ElastQ-LSM
values.

The adjusted R? value of our model was 49.1 %, indicating that
the variables included in the model accounted for approximately

Relative difference beween
VCTE- and ElastQ-LSM [kPa]

Mean of VCTE- and ElastQ-LSM [kPa]

» Fig. 3 Modified Bland-Altman-Leh plot for LSMs from VCTE and

2 D-SWE ElastQ. The horizontal axis displays the mean values of VCTE
and 2 D-SWE ElastQ-LSM, while the vertical axis presents the relative
difference between these measurements (as defined in the methods
section). The plot features the median absolute difference, marked
by a middle dotted line, with the corresponding value provided for
reference.

half of the observed variance in ElastQ-LSM. This suggests a sub-
stantial explanatory power of the model regarding ElastQ-LSM
variability, but also that additional variables could explain at least
part of the remaining variability. For detailed information on the
model outcome parameters, please refer to Supplementary
Table ST-8.

The results of a univariate analysis comparing the top 10% vs. the
bottom 10 % with respect to the discrepancy between VCTE and
ElastQ (by different measures of discrepancy) are detailed in the sup-
plementary results and Supplementary Tables ST-9, ST-10, and
ST-11).

Discussion

Previous research has documented an increase in the discrepancy
between LSMs obtained with ARFI-based techniques and those
obtained with VCTE [3, 4, 7]. This difference is proportional to
the liver stiffness. We verified this effect was present in our study
cohort, underlining not only that both SWE techniques depict liver
stiffness per se, but also that high LSM-SWE values reflect the se-
verity of liver disease.

Factors like the size of the region of interest [10], BMI [16], and
skin-to-liver capsule distance [9] are known to affect the accuracy
of LSM for fibrosis evaluation. Yet, the extent, direction, and inter-
play of these effects are largely unexplored, primarily due to a re-
liance on univariate analyses in the existing literature. Therefore,
we used multivariable analyses in this prospective cohort to ex-
plore factors causing significant differences between VCTE and
ElastQ measurements.

We confirmed that BMI and skin-to-liver capsule distance neg-
atively influence the agreement between VCTE and 2 D-SWE [16],
finding that VCTE-LSM is more affected by these factors than
ElastQ-LSM. Markers of impaired liver function and cholestasis,
which correlate with advanced liver fibrosis and higher LSM, also
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» Table 2 Pearson correlation between ElastQ and all VCTE or all liver biopsy fibrosis grades across different IQR/med strata. P-value between
correlation coefficients of the highest and the lowest stratum calculated via Fisher-Z test, and between AUC via bootstrap (N=200). No subjects with

liver biopsy with IQR/med >30 available.

ElastQ IQR/med Strata <10% 10-20% <20%

VCTE

Pearson R (95 %-Cl) 0.70 0.58 0.66
(0.65-0.74) (0.50-0.66) (0.61-0.70)

Spearman Rho 0.75 0.72 0.74

(95 %-C1) (0.69-0.80) (0.63-0.78) (0.69-0.78)

AUC (95 %-CI) for ACLD  0.91 0.88 0.90

(VCTE >10 kPa) (0.88-0.95) (0.83-0.93) (0.88-0.93)

N (% of all N=2840) 42 277 698
(49.9%) (32.8%) (82.7%)

Liver Biopsy

Pearson R (95 %-Cl) 0.42 0.44 0.40
(0.11-0.65) (0.08-0.70) (0.18-0.59)

Spearman Rho 0.42 0.44 0.45

(95 %-Cl) (0.08-0.66) (0.04-0.69) (0.20-0.62)

AUC (95 %-Cl) for ACLD  0.83 0.73 0.79

(=F3) (0.69-0.97) (0.53,0.94) (0.67, 0.90)

N (% of all with liver 38 27 65

biopsy N=78) (48 %) (34.6 %) (83.3%)

95 %-Cl: 95 %-confidence interval; ACLD: advanced chronic liver disease; AUC:

range; med: median; N: number.

drove the disparity between VCTE and ElastQ. Two of these multi-
variate models included VCTE, as a surrogate marker of liver fibro-
sis severity, and laboratory-based markers of liver disease severity,
correcting for these important aspects.

BMI and skin-to-liver capsule distance are commonly associated
with hepatic steatosis, another factor previously described to affect
the discrepancy between VCTE and other 2 D-SWE techniques [17,
18]. While BMI or skin-to-liver capsule distance was associated with
an increased discrepancy between VCTE-LSM and ElastQ, the VCTE-
CAP - a biomarker of hepatic steatosis — was not. This suggests that
the interference of the BMI and the skin-to-liver capsule distance is
mainly due to the measurement depth and not hepatic steatosis.

The guideline recommendation [19] of using IQR/med with a
cutoff of £30% as a quality measure in 2 D-SWE techniques was
borrowed from VCTE and pSWE, where it was validated [12]. Its
applicability to all ultrasound-derived SWE techniques is uncer-
tain. For example, the application to VCTE-CAP led to conflicting
results [20]. Our study saw a significant drop in the correlation be-
tween VCTE and ElastQ at >30 % IQR/med. Additionally, we ob-
served a higher AUC for the diagnosis of VCTE-defined ACLD and
liver biopsy-defined ACLD below ElastQ-IQR/med <30 %, provid-
ing additional evidence that IQR/med with a cutoff of <30%
might be a useful quality criterion for ElastQ and potentially other
2 D-SWE techniques.

Finally, we built a forward-selected multivariable model to
explore the impact of candidate confounders that influence
ElastQ-LSM independently of the level of underlying liver fibrosis,
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<30% >30 all P-value
0.64 0.45 0.64 0.016
(0.60-0.68) (0.06-0.72) (0.59-0.67)

0.71 0.41 0.70 0.002
(0.67-0.75) (0.00-0.72) (0.66-0.74)

0.89 0.65 0.88 0.035
(0.87-0.92) (0.42-0.88) (0.86-0.91)

812 24 844 -
(96.2 %) (2.8%) (100 %)

0.34 - 0.34 -
(0.13-0.53) (0.13-0.53)

0.36 - 0.36 -
(0.14-0.54) (0.14-0.54)

0.73 - 0.73 -
(0.61, 0.85) (0.61, 0.85)

78 - 78 -
(100 %) (100 %)

area under the receiver operator characteristics curve; IQR: interquartile

as measured by VCTE. A higher patient age and indirect biomar-
kers of cholestasis (higher GGT), portal hypertension (lower PLT),
and liver dysfunction (higher bilirubin) were associated with high-
er ElastQ-LSMs. Interestingly, indirect biomarkers of liver inflam-
mation such as AST and ALT were neither significant in univariate
analysis nor included in this model, underlining that they might
affect VCTE more than ElastQ. Thus, we believe that further inves-
tigations to identify further potential confounders are needed.

One of the main strengths of our study is the large prospective
cohort of subjects from three European centers as well as the
inclusion of patients with various etiologies of liver disease. More-
over, besides approaches targeted at known or suspected sources
of discrepancy between VCTE and ElastQ, we used relatively
unbiased statistical approaches, such as multivariable models,
which allowed for the evaluation of multiple confounders and
the description of relative effect sizes.

Our study has limitations, including having been conducted at
tertiary care centers, potentially skewing results toward more
severely ill patients, and possibly not being representative of the
general population. Importantly, liver SWE is recommended only
for populations at risk for liver fibrosis and not as a general screen-
ing tool [21].

Another limitation is the limited availability of liver biopsy data.
Liver biopsies were performed only in patients for whom it was
clinically indicated, thus introducing a potential selection and
spectrum bias. This limitation restricts our ability to definitively
confirm several aspects of our findings: 1) the independence of
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the observed effects from liver fibrosis severity; 2) the precise
assessment of hepatic steatosis, as grading steatosis via liver
biopsy is superior to the controlled attenuation parameter (CAP);
3) which of the two techniques, VCTE or ElastQ, is more signifi-
cantly influenced by potential confounders; and 4) the definitive
validation of using an IQR/med <30 % as a quality criterion.

Future research could assess the impact of a progressively re-
laxed IQR/med quality criterion versus biopsy-defined fibrosis
stages in a larger cohort to minimize risk of bias. Our study used
diverse analytics but couldn't analyze operator experience effects,
as all were experienced. VCTE-LSM, age, PLT, bilirubin, GGT, skin-
liver distance, and ElastQ IQR/med only accounted for half of the
variance in ElastQ-LSM, thus indicating other unknown factors.

Our study, primarily comprised of chronic hepatitis C patients,
might have limited applicability for other liver disease etiologies.
Variability in disease etiology and severity across centers could
also affect results. Nonetheless, it contributes to understanding
discrepancies between VCTE and 2 D-SWE techniques like ElastQ.

In conclusion, our study has identified several variables that
drive the discrepancy between VCTE and ElastQ. We could de-
scribe the relative magnitude and direction of the confounding
by indirect markers of liver dysfunction, such as higher INR, lower
albumin, and higher bilirubin, of portal hypertension, such as low-
er PLT, of cholestasis, such as higher GGT and AP, and less so
measures of ongoing cellular liver damage (AST, ALT) (largest
standardized effect sizes for INR, PLT, and BMI). Only including
cases with ALT <5x the upper limit of normal, we could not ex-
plore the impact of higher values. Indirect indicators of measure-
ment depth, such as BMI and skin-to-liver capsule distance but not
CAP, significantly influence VCTE and ElastQ concordance, with
VCTE being more affected. Our findings also support using IQR/
med <30 % as a reliability criterion for 2 D-SWE techniques.
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