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ABSTRACT

Background and aim: Two-dimensional shear wave elastography (2D-SWE) is an accurate
method for the non-invasive evaluation of liver fibrosis. We aimed to determine the
reliability criteria and the number of necessary reliable measurements for 2D-SWE.

Method: 788 patients with chronic liver disease underwent liver biopsy and 2D-SWE
examination in three centers. The 4277 2D-SWE measurements performed were 2:1
randomly divided into derivation (n=2851) and validation (n=1426) sets. Reliability criteria
for a 2D-SWE measurement were defined in the derivation set from the intrinsic
characteristics given by the device (mean liver stiffness, standard deviation, diameter of the
region of interest), with further evaluation in the validation set.

Results: In the whole population of 4277 measurements, AUROC for bridging fibrosis was
0.825+0.006 and AUROC for cirrhosis was 0.880+0.006. Mean stiffness and coefficient of
variation (CV) were independent predictors of bridging fibrosis or cirrhosis. From these two
parameters, new criteria were derived to define a reliable 2D-SWE measurement: stiffness
<8.8 kPa, or stiffness between 8.8-11.9 kPa with CV <0.25, or stiffness 212.0 kPa with CV
<0.10. In the validation set, AUROC for bridging fibrosis was 0.830£0.013 in reliable
measurements vs 0.667+0.031 in unreliable measurements (p<0.001). AUROC for cirrhosis
was 0.918+0.014 vs 0.714+0.027, respectively (p<0.001). The best diagnostic accuracy for a
2D-SWE examination was achieved from three reliable measurements.

Conclusion: Reliability of a 2D-SWE measurement relies on the coefficient of variation and
the liver stiffness level. A 2D-SWE examination should include three reliable measurements

according to our new criteria.
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INTRODUCTION

The non-invasive measurement of liver stiffness by ultrasound elastography has an
important place in the evaluation and the management of patients with chronic liver
disease.! Among the different technologies available, two-dimensional shear wave
elastography (2D-SWE) displays a real-time stiffness map and allows the measurement of
liver stiffness in a region of interest (ROI) placed on the frozen map.? This technique has
been reported as an accurate method for the evaluation of liver fibrosis in chronic liver
diseases and is now widely used.3

In addition to accuracy, reliability must be also evaluated for a diagnostic tool as it
represents a quality criterion for the final diagnosis deduced from the test result. Reliability
criteria are now well defined for liver stiffness measurement using vibration controlled
transient elastography (VCTE) or point shear wave elastography (pSWE).*®> With these
technologies, the result corresponds to the median value of ten measurements, and
reliability relies on the interquartile range to median ratio reflecting measurements
dispersion. Contrary to VCTE and pSWE, 2D-SWE technology provides the mean and the
dispersion of liver stiffness for each single measurement performed in the stiffness map.
These results are displayed on the screen of the device, which offers the possibility to
control reliability after each single measurement and therefore to adapt the examination in
“real-time”. Only one study has explored this approach, including 678 2D-SWE
measurements from 142 patients.® Results showed that 2D-SWE measurements with
standard deviation of mean stiffness <1.75 kilo Pascal (kPa) and ROI 218 mm provided the

best diagnostic accuracy for cirrhosis. Authors concluded that these criteria need further



validation, and that a larger study could help to refine them. When compared to other well
evaluated elastography techniques (VCTE, pSWE), feasibility of 2D-SWE is considered to be
lower because of its higher failure rate and it being more time-consuming’ which leads
operators to make few measurements. However, the minimal number of measurements
required for a 2D-SWE examination is also still under debate.®*2

Therefore, in the present work we aimed to first determine the reliability criteria for a single
2D-SWE measurement, and second to determine the minimal number of reliable
measurements required for an accurate 2D-SWE examination. By relying on a large sample
of patients and 2D-SWE-measurements, we were able to carry out derivation and validation

studies.



MATERIALS AND METHODS

Patients

Patients with chronic liver disease who underwent a liver biopsy between November 2014
and January 2018 at Angers University Hospital, December 2014 and June 2016 at Beaujon
University Hospital, and September 2011 and May 2015 at Bordeaux University Hospital
were prospectively included. Exclusion criteria were decompensated cirrhosis (liver failure,
encephalopathy, ascites, variceal bleeding, systemic infection) and hepatocellular carcinoma.
The study protocol conformed to the ethical guidelines of the current Declaration of Helsinki
and was approved by local Ethic Committees. All patients gave written informed consent
before being included in the study. All authors had access to the study data and reviewed

and approved the final manuscript.

Histological assessment

Liver biopsy was taken as the reference for the assessment of liver fibrosis. Pathological
examinations of liver biopsies were performed in each center by a senior expert specialized
in hepatology and blinded for patient data. Liver fibrosis was evaluated according to NASH-
CRN staging in patients with non-alcoholic fatty liver disease,’® and METAVIR staging in
patients with other causes of chronic liver disease.’* Although the two semi-quantitative
scoring systems comprise stages from FO to F4, they do not completely correspond
(Supplementary Table s1). For the present study, we defined “no/mild fibrosis” as NASH-
CRN FO-2 or METAVIR FO-1, “bridging fibrosis” as NASH-CRN F3 or Metavir F2-3, and
“cirrhosis” as NASH-CRN F4 or METAVIR F4. Advanced fibrosis was defined as NASH-CRN F>3

or Metavir F>2 (Table slc). We have already used such methodology in previous works.**



2D-SWE examination

2D-SWE examination was performed using an Aixplorer device (Hologic/Supersonic Imagine
Aix-en-Provence, France) the day of or no more than three months before or after liver
biopsy. The examination was performed by an experienced radiologist blinded for patient
data. Patients in fasting condition were lying in dorsal decubitus with the right arm in
abduction. The site of measurement was chosen in the right lobe of the liver, in a zone free
of large vascular or biliary structures and at least 15mm below the liver capsule. An apnea
was mandatory. A homogeneous color mapping of the stiffness was obtained according to
the manufacturer’s recommendations, and liver stiffness was calculated in a ROI positioned
in this color map. As recommended by the last EFSUMB guidelines,? the objective was to
target a ROI diameter of at least 15mm. Each patient underwent 10 measurements in Angers
center, and 5 measurements in Beaujon and Bordeaux centers. Measurements were judged
as failed when no or little signal was obtained in the Aixplorer box. The following intrinsic
characteristics were recorded for each measurement: mean stiffness expressed in kPa,

standard deviation of mean stiffness (SD), and ROl diameter.

Statistical analysis

Continuous variables were expressed as median with first and third quartile and compared
using the Mann-Whitney test. Categorical variables were expressed as percentages and
compared using the Fisher’s Exact Test. Correlation between continuous variables was
evaluated using the Spearman correlation coefficient, and agreement using the intraclass
correlation coefficient. Diagnostic accuracy was assessed using the area under the receiver

operating characteristics (AUROC) and the rate of correctly classified patients. AUROCs were



compared according to Delong et al.® Diagnostic cut-offs were calculated according to the
highest Youden index that optimizes sensitivity and specificity.

All measurements performed during the study were randomly divided 2:1 in derivation and
validation sets. To identify the potential reliability criteria for a 2D-SWE measurement, we
performed multivariate analyses in the derivation set using bridging fibrosis or cirrhosis as
dependent variables, and the intrinsic characteristics of 2D-SWE measurements (mean
stiffness, SD, and ROl diameter) as independent variables. Indeed, by definition, each
variable selected by a multivariate analysis is an independent predictor of the diagnostic
target studied. In other words, when selected with 2D-SWE mean stiffness, an independent
predictor influences the outcome (diagnostic target) for each fixed level of liver stiffness.
Consequently, the multivariate analysis allowed for the identification of the predictors
influencing 2D-SWE accuracy, from which reliability criteria were derived. Results obtained
were then confirmed in the validation set.

Finally, the minimal number of reliable 2D-SWE measurements for an accurate examination
was calculated. For this analysis, we considered the reference for 2D-SWE examination as
the mean of the 5 first measurements. We compared this reference to the first
measurement, and to the mean of the two, three and four first measurements.

Statistical analyses were performed using SPSS version 18.0 software (IBM, Armonk, NY,
USA). This study was reported in accordance with the recently published LiverFibroSTARD

statements.!’



RESULTS

Patients

788 patients were included in the study: 205 in the Angers center, 222 in Beaujon and 361 in
Bordeaux. Their characteristics are outlined in Table s2. 60.6% were male, median age was
55.9 (45.1-63.6) years, and median body mass index was 27.3 (23.6-31.2) kg/m?. Non-
alcoholic fatty liver disease was the main cause of chronic liver disease (40.7%), 26.4% of
patients had chronic viral hepatitis, and 9.9% had alcoholic liver disease. Median biopsy
length was 27 (20-33) mm. The prevalence of advanced fibrosis and cirrhosis was 47.2% and
19.0%, respectively.

2D-SWE in the 788 included patients resulted in 4277 measurements. Most of the patients
(n=777) had at least 3 measurements, and 478 had at least 5 measurements (Table s3). The
patient characteristics were not significantly different between the derivation and the

validation sets (Table 1).

Diagnostic accuracy of 2D-SWE measurements

In the set of 4277 2D-SWE measurements, AUROCs for advanced fibrosis and cirrhosis were
0.825+0.006 and 0.880+0.006, respectively (Table 2). In the derivation set, the best
diagnostic cut-off was calculated at 8.8 kPa for advanced fibrosis and 12.0 kPa for cirrhosis.
Using these cut-offs in the validation set, the diagnostic accuracy was 74.0% for advanced
fibrosis and 77.5% for cirrhosis. AUROCs and the different accuracy indexes were not

significantly different between the derivation and the validation sets (Table 2).

Development of reliability criteria for a single 2D-SWE measurement (derivation set)



Three intrinsic characteristics were tested in the derivation set: mean stiffness, SD, and ROI
diameter. Because SD was highly correlated with mean stiffness (Spearman correlation
coefficient: 0.703, p <0.001; Table s4), we decided to use the standard deviation to mean
stiffness ratio. In statistics, the ratio standard deviation to mean corresponds to the
coefficient of variation (CV). By multivariate analysis, mean stiffness and CV but not ROI
diameter were independent predictors of advanced fibrosis or cirrhosis. These results
suggested that, for a given liver stiffness, CV level influences the likelihood of having
advanced fibrosis or cirrhosis. Therefore, we concentrate further analyses on these two
parameters.

2D-SWE accuracy decreased as CV increased in the derivation set, and three CV subgroups
were identified: <0.10, 0.10-0.24, >0.24 (Table s5). Fig. 1 shows the probability of advanced
fibrosis and cirrhosis as a function of increasing liver stiffness and these three CV subgroups.
CV >0.24 was associated with a decreased probability of advanced fibrosis from stiffness
value around the 8.8 kPa cut-off (Fig. 1a). CV 20.10 was associated with a decreased
probability of cirrhosis from stiffness value around the 12.0 kPa cut-off (Fig. 1b). Fig. s1
illustrates the impact of CV level for the diagnosis of advanced fibrosis and cirrhosis when
using the 8.8 kPa and the 12.0 kPa cut-offs in clinical practice. There was no influence of CV
on the negative predictive values for advanced fibrosis or cirrhosis. On the contrary, CV
significantly impacted the positive predictive value, which significantly decreased by CV
>0.24 for the diagnosis of advanced fibrosis (Fig. s1la) and by CV 20.10 for the diagnosis of
cirrhosis (Fig. s1b). Finally, 2D-SWE accuracy depended on both CV and liver stiffness levels.
Using the previous results, we derived new reliability criteria for a 2D-SWE measurement

(Fig. 2).



Unreliable measurements had a poor diagnostic accuracy in the derivation set (Table 3).
Compared to reliable measurements, AUROC for advanced fibrosis was 0.641+0.024 versus
0.840+0.009 (p <0.001) and corresponding diagnostic accuracy using the 8.8 kPa cut-off was
71.6% vs 77.3% (p=0.002). For cirrhosis, AUROC was 0.712+0.019 versus 0.924+0.009 (p

<0.001) and diagnostic accuracy using the 12.0 kPa cut-off was 41.4% vs 91.4% (p <0.001).

Validation of 2D-SWE reliability criteria

Validation set

377 of the 1426 measurements (26.4%) were unreliable in the validation set. Results
obtained in the validation set confirmed those of the derivation set, with AUROC and
diagnostic accuracy for advanced fibrosis or cirrhosis being significantly lower in unreliable
compared to reliable measurements (Table 3). A sensitivity analysis in the validation set
confirmed that reliable measurements were significantly more accurate than unreliable
measurements both in the subgroup of patients with steatotic liver diseases (NAFLD/alcohol)
and in the subgroup of patients with other causes of chronic liver disease (Table s6). The
better diagnostic accuracy for reliable measurements was also observed across the three

investigating centers (Table s7).

Comparison to previously published reliability criteria

Thiele et al have recently published 2D-SWE criteria based on SD <£1.75 kPa and ROI diameter
>18mm.® In this study, the diagnostic accuracy was best when these two conditions were
met (referred to as Thiele criteria #1), and poorer when they were not met (Thiele #4), and it
was intermediate when only one of the two conditions was achieved (Thiele #2 and #3). In

our whole study population, measurements meeting Thiele #3 and #4 criteria, both



characterized by SD >1.75 kPa, had insufficient diagnostic accuracy and accounted for 33.0%
of all measurements (Table s8).

Unreliable measurements according to our new definition accounted for 26.0% of all
measurements (p <0.001 vs Thiele #3-4), and 92.3% of them also met Thiele #3-4 criteria.
Among the 2864 measurements meeting Thiele #1-2 criteria, our new reliability criteria
reclassified as unreliable a small subset of 86 measurements with a very low diagnostic
accuracy (Table s9). More interestingly, among the 1413 measurements meeting the Thiele
#3-4 criteria, a substantial number of 387 measurements (27.4%) with very good accuracy

were reclassified as reliable thanks to our new criteria.

Minimal number of reliable 2D-SWE measurements for an accurate examination

For this analysis, we excluded the 1112 measurements considered unreliable according to
our new definition. The 3165 remaining reliable measurements came from 713 patients, of
whom 297 with at least 5 measurements available were included in the analysis.

There was an excellent agreement with the reference (mean of first 5 measurements) since
the first measurement with intraclass correlation coefficient >0.96 (Table 4, see scatter plots
in Fig. s2 and Bland Altman plots in Fig. s3). For the diagnosis of advanced fibrosis, the
AUROC with one measurement (0.787+0.027, p=0.005) and two measurements
(0.813+0.026, p=0.070) were lower compared to the reference (0.829+0.025). Using the 8.8
kPa cut-off, the diagnostic accuracy for advanced fibrosis slightly increased from the first
measurement to reach a plateau at the third measurement. For cirrhosis, the diagnostic
accuracy was excellent from the first measurement. Taken together, all these results

suggested that a 2D-SWE examination should include three reliable examinations.



DISCUSSION

We have previously shown that intrinsic characteristics of liver stiffness measurement with
VCTE or pSWE should be carefully controlled to ensure an accurate non-invasive evaluation
of liver fibrosis.*® In the present work, we have identified mean stiffness and CV as two key
criteria to define the reliability of a 2D-SWE measurement. By comparison to the Thiele et al
study,® our reliability criteria were more discriminant, better separating reliable
measurements from those with very poor accuracy that should not be used for the

evaluation of liver fibrosis in clinical practice.

We have previously shown that the reliability of VCTE and pSWE results relies on the
interquartile range to median ratio reflecting the dispersion of the ten measurements
performed during the examination.*> Compared to VCTE and pSWE, 2D-SWE has the
particularity to display a real-time stiffness map with several parameters measured in a
selected ROI within this map. Our study demonstrates that reliability could be assessed at
each single 2D-SWE measurement. Among the parameters measured by the device, we
showed that the ratio SD to mean stiffness (corresponds to the coefficient of variation) is a
key factor influencing the accuracy for the diagnosis of liver fibrosis from a 2D-SWE
measurement. SD reflects the heterogeneity of the signal within the stiffness map making
the CV for a single 2D-SWE measurement a kind of equivalent to the interquartile range to
median ratio of the ten VCTE or pSWE measurements. So, the homogeneity within the
examination, regardless of the technology used, should be very carefully considered to

ensure a relevant result of liver stiffness measurement.



The advantage of this real-time stiffness map must nevertheless be balanced with the 26.4%
rate of unreliable measurements (377/1426) in the validation set, which is relatively high
compared to other elastography techniques. Indeed, the rate of poorly reliable examination
with TE and pSWE is less than 10%.%>8 A study comparing the feasibility of TE and 2D-SWE
has shown that the skin-liver capsule distance is of importance for 2D-SWE examination.® In
this work, the odds of a successful 2D-SWE exam decreased with higher skin-capsule
distance (OR =0.77, 95% Cl 0.67-0.98), whereas TE can be accomplished in nearly all patients
by use of the FibroScan XL probe and repeated examinations. From our clinical practice,
acquisitions with 2D-SWE can be improved by taking the time to explain the neutral
breathing position technique (not inspiration or expiration) to the patient, and then test

several inter-costal spaces in B-mode to find the best view window.

ROI diameter was not selected as a potential reliability criterion by the multivariate analyses.
Compared to the Thiele et al study, mean size of the ROl was smaller in our cohort (15 mm
versus 19 mm) because we followed the EFSUMB guidelines that recommend a 15 mm
diameter.? In a recent study, the repeatability of liver stiffness measurement did not differ
between 2D-SWE measurements performed with a 10 mm ROl versus those with 20 mm
ROL.2° Moreover, Thiele et al reported a 0.6% increase in cirrhosis misclassification for every
1 mm decrease in ROl diameter, which finally shows only slight influence of the ROI diameter
on the diagnostic accuracy. To note, the lowest ROl diameter in the Thiele study was 13 mm.
Considering all these results and according to our experience, we suggest following the usual

recommendation of a 15 mm ROI diameter in clinical practice.



Acquisition of the real-time stiffness with 2D-SWE has the advantage of the mapping but is
also much more time-consuming than a single measurement with VCTE or pSWE. Acquisition
durations of a single 2D-SWE measurement reported in previous works ranged from 22 to 42
seconds, with an increased duration among obese patients.?1?2 Therefore, it does not seem
convenient in clinical practice to perform a high number of acquisitions within a 2D-SWE
examination. Previous studies have shown conflicting results concerning the ideal number of
2D-SWE measurements, with some finding only one measurement to be sufficient,?
whereas other claimed three,?1° five,!! or even six.’ This heterogeneity in the results could
be explained by the different designs and statistical approaches used across the studies. In
our work, we first eliminated unreliable measurements according to our new criteria, and
then used both agreement and diagnostic tests to find that a minimum of three reliable
examinations is required for an accurate 2D-SWE examination. Our approach simplifies the
use of 2D-SWE for physicians in clinical practice: rather than performing a high number of
measurements and then evaluating their dispersion at the end to determine if the
examination is reliable or not (as for VCTE or pSWE), they check reliability at each
measurement and stop the examination as soon as they obtain three reliable 2D-SWE

measurements.

Patient characteristics significantly differed between our three investigating centers. Beyond
geographical location, this inter-center variability was probably the consequence of different
processes for patient recruitment, awareness of liver diseases by non-specialists, as well as
local guidelines and procedures in specialized centers. We decided to pool the data of our
three populations to catch the different patient profiles in a more representative sample

which would provide robust results exportable for clinical practice. The randomization in



derivation and validation sets allowed an internal cross-validation referred as a phase 2a
study in the TRIPOD guidelines.??> We now encourage further phase 4 studies to externally
and independently validate our findings, not only with the Aixplorer but also with the other
2D-SWE devices. Indeed, all 2D-SWE technologies are based on identical physical principles
between manufacturers. We can therefore suppose that our new reliability criteria

developed with the Aixplorer can be extended to other 2D-SWE devices.

CONCLUSIONS

The reliability of 2D-SWE measurement relies on the coefficient of variation and the level of
liver stiffness. A 2D-SWE examination should include three reliable measurements as defined
by our new reliability criteria. Using these new rules will help physicians to obtain an
accurate non-invasive evaluation of liver fibrosis with 2D-SWE in their patients with chronic

liver diseases.
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FIGURE LEGENDS

Figure 1: Rate of advanced fibrosis (panel 1a) or cirrhosis (panel 1b) as a function of
increasing liver stiffness and coefficient of variation (CV) in the derivation set

* p<0.05 between CV >0.24 and the two others CV subgroups

# p<0.01 between CV <0.10 and the two other groups

Figure 2: New reliability criteria for a 2D-SWE measurement

CV: coefficient of variation
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Table 1: Characteristics of the 4277 measurements performed with two-dimensional shear

wave elastography in the 788 included patients

All (n=4277) Derivation (n=2851) Validation (n=1426) p

Center (%): 0.989
- Angers 43.8 43.7 44.0

- Beaujon 23.9 23.9 23.8

- Bordeaux 323 324 32.2

Age (years) 56.3 (45.1-64.2) 56.4 (45.9-64.3) 55.9 (44.3-64.0) 0.408
Male Sex (%) 61.3 60.7 62.4 0.286
Cause of CLD (%): 0.594
- NAFLD 45.8 46.5 44.3

- Alcohol 9.8 9.8 9.9

- Viral hepatitis 21.9 21.6 22.5

- Others 22.5 22.1 233

BMI (kg/m?) 27.9(24.2-32.0) 28.1(24.2-32.1) 27.6 (24.2-31.9) 0.507
Biopsy length (mm) 28 (22-34) 28 (22-33) 28 (22-34) 0.314
Fibrosis (%): 0.710
- No/mild 52.7 52.9 52.2

- Bridging 30.7 30.3 31.5

- Cirrhosis 16.6 16.8 16.3

Mean stiffness (kPa) 9.1(6.7-14.6) 9.2 (6.7-14.5) 9.1(6.7-14.9) 0.879
Standard deviation (kPa) 1.1 (0.7-2.3) 1.1 (0.7-2.3) 1.1 (0.7-2.4) 0.704
Region of interest (mm) 15 (12-17) 15 (12-17) 15 (12-17) 0.954

CLD: chronic liver disease; NAFLD: non-alcoholic fatty liver disease; BMI: body mass index



Table 2: Accuracy of the 4277 2D-SWE measurements

Set Diagnostic AUROC Cut-off DA Se Spe NPV PPV

target

(kPa)® (%) (%) (%) (%) (%)

All Advanced 0.825+0.006 8.8 75.2 80.8 70.2 80.3 70.9

fibrosis

Cirrhosis 0.880+0.006 12.0 78.2 85.3 76.8 96.3 42.3
Derivation Advanced 0.828+0.008 8.8 75.8 81.8 70.5 81.3 71.2

fibrosis

Cirrhosis 0.881+0.007 12.0 78.5 85.2 77.2 96.3 43.1
Validation Advanced 0.819+0.011 8.8 74.0 79.0 69.4 78.3 70.2

fibrosis

Cirrhosis 0.879+0.011 12.0 77.5 85.3 76.0 96.4 40.8

DA: diagnostic accuracy (rate of good-classification); Se: sensitivity; Spe: specificity; NPV:
negative predictive value; PPV: positive predictive value

@ calculated in the derivation set using the highest Youden Index

p values for AUROC, DA, Se, and Spe between derivation and validation sets: all not
significant



Table 3: Diagnostic accuracy of 2D-SWE measurements according to the new reliability

criteria in the derivation and validation sets

Set Reliability = 2D-SWE AUROC Diagnostic accuracy (%)
measurements (n)  Advanced Cirrhosis Advanced  Cirrhosis®  Fibrosis
fibrosis Fibrosis Classification ©
All All 4277 0.825+0.006  0.880+0.006 75.2 78.2 61.1
Reliable 3165 0.836+0.007  0.922+0.008 76.7 91.0 70.0
Unreliable 1112 0.650+0.019  0.713%+0.016 711 41.8 35.7
p - <0.001 <0.001 <0.001 <0.001 <0.001
Derivation  All 2851 0.828+0.008  0.881+0.007 75.8 78.5 61.9
Reliable 2116 0.840+0.009  0.924+0.009 77.3 91.4 71.1
Unreliable 735 0.641+0.024  0.712+0.019 71.6 41.4 35.4
p - <0.001 <0.001 0.002 <0.001 <0.001
Validation  All 1426 0.819+0.011  0.879+0.011 74.0 77.5 59.5
Reliable 1049 0.830+0.013  0.918+0.014 75.3 90.0 67.9
Unreliable 377 0.667+0.031  0.71440.027 70.3 42.7 36.3
p - <0.001 <0.001 0.065 <0.001 <0.001

aUsing the 8.8 kPa 2D-SWE cut-off
b Using the 12.0 kPa 2D-SWE cut-off

¢ Fibrosis classification: <8.8 kPa: no/mild fibrosis; 8.8-11.9 kPa: bridging fibrosis; >12.0 kPa:

cirrhosis

p values for AUROC and diagnostic accuracy between derivation and validation sets: all not

significant



Table 4: Diagnostic accuracy of 2D-SWE examination as a function of the number of

reliable measurements performed

297 patients with at least 5 reliable measurements available were included in the analysis.

The reference for 2D-SWE examination was the mean of the 5 first measurements. We

compared this reference to the first measurement, and to the mean of the first two, three

and four measurements.

Number of reliable measurements in 2D-SWE examination (n)

1 2 3 4 5
(reference)
Mean (kPa) 8.2+4.0 8.3+4.0 8.3+4.0 8.3+4.0 8.3+4.0
p? 0.515 0.861 0.429 0.291 -
ICC 0.965 0.988 0.993 0.998 -
p? <0.001 <0.001 <0.001 <0.001 -
AUROC for bridging 0.787+0.027 0.813+0.026 0.826%0.025 0.831+0.025 0.829+0.025
fibrosis
p? 0.005 0.070 0.617 0.465 -
DA for bridging 72.7 75.8 77.8 78.1 76.4
fibrosis (%)®
p? 0.090 0.824 0.424 0.180 -
AUROC for cirrhosis 0.901+0.035 0.931+0.023 0.932#0.024 0.935+0.023 0.938%0.022
p? 0.142 0.313 0.248 0.399 -
DA for cirrhosis (%) 94.3 94.3 93.9 94.3 93.9
p° 1.000 1.000 1.000 1.000 -

ICC: intraclass correlation coefficient; DA: diagnostic accuracy (rate of good-classification)
acompared to the mean of 5 measurements
b Using the 8.8 kPa 2D-SWE cut-off

¢Using the 12.0 kPa 2D-SWE cut-off
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