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ABSTR AC T

Aim The primary aim of this study was to determine the inter-system variability of liver stiffness measurements (LSMs)
in patients with varying degrees of liver stiffness. The secondary aim was to determine the inter-observer variability of
measurements.
Materials and Methods 21 individuals affected by chronic
hepatitis C and 5 healthy individuals were prospectively enrolled. The assessment of LSMs was performed using six ultrasound (US) systems, four of which with point shear wave elastography (p-SWE) and two with 2 D shear wave elastography
(2D-SWE) systems. The Fibroscan (Echosens, France) was
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used as the reference standard. Four observers performed
the measurements in pairs (A-B, C-D). The agreement between different observers or methods was calculated using
Lin’s concordance correlation coefficient. The Bland-Altman
limits of agreement (LOA) were calculated as well.
Results There was agreement above 0.80 for all pairs of systems. The mean difference between the values of the systems
with 2D-SWE technique was 1.54 kPa, whereas the maximum
mean difference between the values of three out of four systems with the pSWE technique was 0.79 kPa. The intra-patient concordance for all systems was 0.89 (95 % CI: 0.83 –
0.94). Inter-observer agreement was 0.96 (95 % CI: 0.94 –
0.98) for the pair of observers A-B and 0.93 (95 % CI: 0.89 –
0.96) for the pair of observers C-D.
Conclusion The results of this study show that the agreement between LSMs performed with different US systems is
good to excellent and the overall inter-observer agreement
in “ideal conditions” is above 0.90 in expert hands.
Z US A M M E N FA SS U N G

Ziel Das Primärziel dieser Studie war es, die Intersystem-Variabilität von Lebersteifigkeitsmessungen (LSM) bei Patienten
mit unterschiedlichen Lebersteifigkeiten zu bestimmen. Das
Sekundärziel bestand in der Bestimmung der Inter-Beobachter-Variabilität der Messungen.
Material und Methoden Einundzwanzig Personen mit
chronischer Hepatitis C und fünf gesunde Personen wurden
prospektiv aufgenommen. Die Bewertung der LSM erfolgte
mit sechs Ultraschallsystemen (US), vier davon verwendeten
Punkt-Scherwellen-Elastografie (p-SWE) und zwei 2D-Scherwellen-Elastografie (2D-SWE). Der Fibroscan (Echosens,
Frankreich) wurde als Referenzstandard verwendet. Vier
Beobachter führten jeweils in Paaren die Messungen durch
(A-B, C-D). Die Übereinstimmung zwischen verschiedenen
Beobachtern oder Methoden wurde unter Verwendung des
Konkordanz-Korrelationskoeffizienten nach Lin berechnet.
Die Bland-Altman Übereinstimmungsgrenzen (LOA) wurden
ebenfalls bestimmt.
Ergebnisse Die Übereinstimmung betrug mehr als 0,80 für
alle Systempaare. Der mittlere Unterschied zwischen den
Werten der Systeme mit 2D-SWE-Technik betrug 1,54 kPa,
während der maximale mittlere Unterschied zwischen den
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Introduction
Diffuse liver disease is one of the major health problems in the
world. Chronic liver damage results in hepatic fibrosis characterized by an increase in extracellular matrix material produced by fibroblast-like cells [1]. Liver fibrosis can progress to cirrhosis with
distortion of the normal liver architecture and portal hypertension.
With increasing fibrosis, the liver becomes stiffer which can be
monitored using shear wave elastography (SWE) [2, 3]. This technology is FDA-approved for several vendors. The technology is
used widely worldwide and has resulted in a decrease in the number of liver biopsies performed in Europe and Asia. Recently, the
United Kingdom’s National Institute for Health and Care Excellence (NICE) updated their clinical guidelines for managing patients with chronic viral hepatitis B infection and included liver
SWE in the workup of patients [4]. However, there is significant
inter-system variability in liver stiffness measurements that can
preclude meaningful comparison of measurements performed
with different systems [3, 5, 6].
The RSNA Quantitative Imaging Biomarker Alliance (QIBA) ultrasound shear wave speed (SWS) committee has developed elastic and viscoelastic phantoms to evaluate system dependencies of
SWS estimates used for the noninvasive staging of liver fibrosis.
Previous elastic phantom studies demonstrated inter-system
variability ranging from 6 – 12 % in elastic phantoms with a nominal SWS of 1.0 and 2.0 m/s [7]. In visco-elastic phantoms that
more accurately simulate the liver, the median SWS estimates for
the greatest outliers in each phantom/focal depth combination
ranged from 12.7 – 17.6 % [8].
There are many factors that affect liver stiffness measurement,
including but not limited to the amount of subcutaneous fat, liver
depth, breathing, motion from heartbeat, reverberation from the
liver capsule, and fasting [5]. There are also bile ducts and blood
vessels present in the liver that need to be avoided when obtaining measurements. All these factors are not assessed with phantoms. Our hypothesis was that inter-system variability assessed
in-vivo is similar to or greater than in viscoelastic phantoms.
The main aim of this study was to determine the inter-system
variability of liver stiffness measurements (LSMs) in volunteer patients with varying degrees of liver stiffness using the FibroScan
system as the reference standard. The secondary aim was to determine the inter-observer variability of measurements in each
patient for each system and in “ideal conditions”.
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Schlussfolgerung Die Ergebnisse dieser Studie zeigen, dass
die Übereinstimmung zwischen LSMs, die mit unterschiedlichen US-Systemen durchgeführt wurden, gut bis hervorragend ist und die globale Übereinstimmung zwischen den
Beobachtern, sofern diese Expertise besitzen, unter „idealen
Bedingungen“ über 0,90 liegt.

Materials and Methods
Systems
The assessment of SWS was performed using multiple systems
with acoustic radiation force impulse (ARFI) shear wave technology, either point shear wave elastography (p-SWE) or 2 D shear
wave elastography (2D-SWE). We contacted all the manufacturers
that have commercially released the SWE technology on their system, and the design of the study was fully explained to them. The
systems of the manufacturers that agreed to participate were
used in this study. The systems with a pSWE technique were, in alphabetical order, Acuson S2000 (Siemens Medical Systems, Erlangen, Germany), EPIQ7 (Philips Medical Systems, Bothell, WA,
USA), Hi-Vision Ascendus (Hitachi Ltd., Japan), MyLab Twice
(Esaote SpA, Genoa, Italy). The systems with a 2D-SWE technique
were Aixplorer (SuperSonic Imagine, Aix-en-Provence, France) and
Aplio 500 (Canon/Toshiba, Japan). The FibroScan 502 Touch system (Echosens, Paris, France) was used as the reference standard.
The results were anonymized before performing the statistical
analysis. The two systems with a 2D-SWE technique received identification number 1 or 2 by randomization using a randomization
table. The four systems with a pSWE technique received an identification number from 3 to 6 by randomization as well. The FibroScan was identified as system 7.

Study population and design of the study
Volunteer subjects with varying degrees of liver stiffness (normal
subjects and patients with known liver fibrosis from prior studies)
were enrolled in this prospective study performed in October
2016. Inclusion criteria were age greater than 18 years and ability
to give informed consent. 26 individuals (14 males; mean age: 57
yrs. (15.8); 12 females; mean age: 56.3 yrs. (19.2)) were studied.
21 individuals were affected by chronic hepatitis C (13 males
(mean age: 59.5 yrs. (13.1), 8 females (mean age: 66.7yrs
(13.7)) and 5 individuals were healthy volunteers (one male; age,
24 yrs., four females (mean age: 35.5yrs (7.3)). The stage of liver
fibrosis was based on transient elastography (TE), which was the
reference standard, using the cutoffs of a published meta-analysis
[9]. ▶ Table 1 shows the characteristics of the patients enrolled in
the study. No patients were on antiviral treatment or had previously been treated. Patients with decompensated liver cirrhosis
were not included. Healthy volunteers were hospital staff members who were regularly followed with laboratory investigations,
including testing for infection by hepatotropic viruses. All of
them had normal values of transaminases and none of them had
a history of liver disease or were using medication. Their alcohol
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Werten von drei der vier Systeme mit pSWE-Technik 0,79 kPa
betrug. Die Intra-Patienten-Konkordanz für alle Systeme war
0,89 (95 % CI: 0,83 – 0,94). Die Interobserver-Übereinstimmung betrug 0,96 (95 % CI: 0,94 – 0,98) für das Paar der Beobachter A-B und 0,93 (95 % CI: 0,89 – 0,96) für das Paar der
Beobachter C-D.

▶ Table 1 Characteristics of the patients with chronic hepatitis C
enrolled in the study.

▶ Table 2 Failures and unreliable results observed with the six
ultrasound systems and the FibroScan.

characteristics

n = 21

system

failures (%)

unreliable results (%)

sex, men (%)

61.9 %

1

0 (0)

4 (7.7)

age, yrs., (SD)

56.7 (16.9)

2

2 (3.8)

2 (3.8)

BMI, kg/m2 (SD)

23.8 (3.9)

3

0 (0)

0 (0)

AST, IU/L (IQR)

24 (21 – 36)

4

4 (7.7)

5 (9.6)

ALT, IU/L (IQR)

23 (15.5 – 30)

5

0 (0)

0 (0)

INR

1.1 (0.11)

6

0 (0)

1 (1.9)

albumin, g/dL

4.3 (0.4)

71

0 (0)

0 (0)

GGT, IU/L (IQR)

31.5 (22 – 67)
72 (65 – 85)

ALP, IU/L (SD)
3

3

platelet count, 10 /mm , (SD)

145 (62.5)

There were four observers, and each observer studied 13 subjects.
1
FibroScan.

fibrosis stage (as assessed with TE)
mild/no fibrosis (F0-F1)

5 (23.8 %)

significant fibrosis (F2)

4 (19.0 %)

advanced fibrosis (F3)

5 (23.8 %)

liver cirrhosis (F4)

7 (33.4 %)

SD: standard deviation; IQR: interquartile range; BMI: body mass index; AST: aspartate aminotransferase; ALT: alanine aminotransferase;
INR: international normalized ratio; GGT: gamma-glutamyl transferase; ALP: alkaline phosphatase; TE: transient elastography.

intake was less than 20 g/day for all of them. All healthy subjects
had normal liver morphology on conventional ultrasound.
Four observers (R.G.B., G.F., R.L., L.M.) with at least 3 years of
experience in liver stiffness measurements on multiple systems
performed the measurements. We estimated that each set of
measurements per system per observer was 5 minutes. Therefore,
to complete scanning, each patient would require approximately
one hour – one hour and a half of participation. Each observer was
anonymized with an alphabetical letter assigned in a random order. Each pair of observers (A-B or C-D) studied 13 subjects with
the six systems in random order. A randomization list was used
to match pair of observers and subjects. The TE measurements
were the last to be performed and were taken by three of the
four observers (G.F., R.L., L.M.) with at least three years of experience using the FibroScan system.
The Hospital Ethics Committee approved the study, which was
performed according to the Declaration of Helsinki (revision of
the year 2000, Edinburgh, appendix 12.4) and the current norms
of Good Clinical Practice. Patient’s written informed consent was
required for inclusion in the study.

Scanning protocol
All patients were studied in fasting condition. The scanning technique recommended by the consensus document of the Society
of Radiologists in Ultrasound (SRU) was followed [3]. Measurements were taken in the right intercostal spaces with the patient
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▶ Fig. 1 Values obtained with the seven systems. The central box
represents values from the lower to upper quartile (25 to 75 percentile). The horizontal line inside the box represents the median.
The circles represent the outside values.

in the supine position with the right arm raised above the head.
The location was determined by identifying the “best” sonographic window to visualize the right lobe of the liver. We tried to reduce the variability between observers to a minimum by following
a strict protocol in order to focus on the variability between systems. For this reason, the first observer marked the location of
the probe on the skin with a magic marker and the same location
was utilized by the following observer. The following items were
controlled: (a) measurement was taken with the patient in neutral
breathing for choosing the acoustic window and in suspended
respiration during the measurement; (b) the transducer was
placed so that the ARFI pulse and measurement were perpendicular to the liver capsule; (c) the measurements were taken between
1.5 and 2.0 cm from the liver capsule (top of ROI box); (d) the
sample box was maintained at a distance of around 4 cm from
the skin as long as it was always at least 1.5 cm below the liver
capsule; (e) ten valid measurements in the same location by each
scanner for each patient; (f) the measurement of skin-to-liver capsule distance was obtained from the frozen image; (g) a measure-
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system

observation #

mean, kPa
(SD)

median, kPa
(IQR)

minimum
value, kPa

maximum
value, kPa

CV

1

48

13.53 (11.23)

9.3 (6.1 – 16.5)

3.95

48.3

0.80

2

48

12.16 (9.21)

8.8 (5.7 – 14.7)

4.15

42.6

0.80

3

52

10.3 (9.5)

4

43

5.6 (3.6 – 14.0)

2.1

35.0

0.90

7.98 (5.28)

7.4 (4.3 – 10.2)

2.5

25.78

0.70

5

52

9.90 (7.05)

7.5 (4.7 – 11.0)

2.88

30.64

0.70

6

51

10.77 (8.47)

8.0 (5.4 – 10.5)

3

37.4

0.80

71

39

12.68 (11.57)

8.9 (4.8 – 13.8)

2.8

46.5

0.90
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▶ Table 3 Mean and median values, as well minimum and maximum values, and coefficient of variation of the observations obtained with the six
ultrasound systems and the FibroScan.

kPa: kilopascal; SD: standard deviation; IQR: interquartile range; CV: coefficient of variation.
FibroScan.

1

▶ Table 4 Concordance two by two between measurements performed with the six ultrasound systems and the FibroScan. The concordance is
estimated using the concordance correlation coefficient (CCC), the r Pearson’s correlation coefficient, the bias-correction factor (Cb, a measure of
accuracy) and the Bland-Altman method.

1

system

system

Obs. #

CCC
(95 %CI)

Pearson’s r

Cb

mean difference, kPa
(95 % limits of agreement)

71

1

37

0.97 (0.94 – 0.99)

0.97

0.99

–0.78 (–6.35 – 4.80)

7

2

33

0.92 (0.87 – 0.96)

0.94

0.98

0.44 (–8.06 – 8.94)

7

3

38

0.86 (0.79 – 0.94)

0.90

0.96

1.88 (–8.26 – 12.01)

7

4

33

0.80 (0.70 – 0.89)

0.90

0.88

2.07 (–6.40 – 10.55)

7

5

38

0.81 (0.75 – 0.88)

0.95

0.86

2.40 (–8.21 – 13.00)

7

6

37

0.89 (0.83 – 0.95)

0.91

0.97

0.68 (–7.77 – 9.13)

1

2

46

0.95 (0.92 – 0.97)

0.97

0.97

–1.54 (–7.59 – 4.50)

1

3

47

0.84 (0.76 – 0.91)

0.90

0.93

3.19 (–6.77 – 13.15)

1

4

41

0.74 (0.65 – 0.84)

0.92

0.81

–3.49 (–11.28 – 4.30)

1

5

47

0.78 (0.71 – 0.85)

0.95

0.82

–3.64 (–13.85 – 6.58)

1

6

46

0.88 (0.83 – 0.94)

0.93

0.95

–2.20 (–10.61 – 6.21)

2

3

48

0.87 (0.80 – 0.94)

0.89

0.98

1.91 (–6.51 – 10.34)

2

4

43

0.79 (0.69 – 0.88)

0.89

0.88

–2.54 (–9.20 – 4.13)

2

5

48

0.87 (0.81 – 0.92)

0.95

0.91

2.26 (–4.80 – 9.31)

2

6

47

0.94 (0.91 – 0.97)

0.95

0.99

1.00 (–4.72 – 6.72)

3

4

43

0.85 (0.78 – 0.92)

0.90

0.95

–0.69 (–7.44 – 6.07)

3

5

52

0.91 (0.88 – 0.95)

0.96

0.96

–0.40 (–7.13 – 6.33)

3

6

51

0.89 (0.84 – 0.95)

0.90

0.99

0.83 (–7.08 – 8.74)

4

5

43

0.95 (0.93 – 0.98)

0.96

0.99

–0.79 (–3.62 – 2.03)

4

6

51

0.85 (0.77 – 0.92)

0.90

0.94

–1.64 (–7.36 – 4.08)

5

6

51

0.88 (0.83 – 0.94)

0.91

0.97

–1.13 (–8.18 – 5.92)

Obs.: observations; CI: confidence interval; kPa: kilopascal.
FibroScan.
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1

system

system

Obs. #

CCC
(95 %CI)

Pearson’s r

Cb

mean difference, kPa
(95 % limits of agreement)

71

1

35

0.97 (0.94 – 0.99)

0.97

0.99

–0.70 (–6.39 – 4.98)

7

2

29

0.98 (0.96 – 0.99)

0.98

1.00

–0.57 (–3.48 – 2.35)

7

3

17

0.90 (0.82 – 0.98)

0.94

0.96

2.29 (–6.11 – 10.69)

7

4

17

0.78 (0.64 – 0.91)

0.91

0.85

2.80 (–8.04 – 13.63)

7

5

26

0.86 (0.80 – 0.92)

0.97

0.89

2.02 (–7.36 – 11.40)

7

6

4

0.72 (0.22 – 1.22)

0.82

0.88

0.43 (–3.85 – 4.70)

1

2

38

0.95 (0.92 – 0.98)

0.97

0.98

–1.02 (–6.04 – 4.00)

1

3

26

0.90 (0.84 – 0.97)

0.95

0.95

2.83 (–4.51 – 10.17)

1

4

23

0.79 (0.69 – 0.90)

0.94

0.84

–3.17 (–11.53 – 5.18)

1

5

35

0.85 (0.80 – 0.91)

0.98

0.87

–2.80 (–10.65 – 5.04)

1

6

5

0.86 (0.62 – 1.09)

0.94

0.91

–1.05 (–3.70 – 1.60)

2

3

25

0.90 (0.84 – 0.97)

0.95

0.96

2.30 (–3.21 – 7.80)

2

4

21

0.78 (0.65 – 0.92)

0.93

0.85

–1.98 (–5.43 – 1.46)

2

5

30

0.83 (0.75 – 0.91)

0.94

0.89

1.57 (–4.48 – 7.62)

2

6

5

0.89 (0.69 – 1.10)

0.94

0.95

0.83 (–1.13 – 2.79)

3

4

14

0.97 (0.94 – 1.00)

0.98

0.99

0.44 (–2.41 – 3.30)

3

5

22

0.90 (0.85 – 0.95)

0.96

0.94

0.53 (–5.55 – 6.62)

3

6

3

0.97 (0.84 – 1.09)

0.97

1.00

0.14 (–1.65 – 1.94)

4

5

17

0.96 (0.91 – 1.00)

0.97

0.99

–0.83 (–4.61 – 2.94)

4

6

5

0.91 (0.75 – 1.07)

0.97

0.94

–0.82 (–2.21 – 0.57)

5

6

3

0.91 (0.61 – 1.22)

0.92

0.99

0.04 (–1.93 – 2.00)

Obs.: observations; CI: confidence interval; kPa: kilopascal.
FibroScan.

ment known to be inaccurate (patient breaths, observer moves
while obtaining measurement) was deleted and another measurement was taken; (h) the measurement images were recorded.
Examinations with 10 validated measurements were defined as reliable. On systems with a manufacturer’s quality measure, even if
a numerical value was obtained, the measurement was taken as a
technical failure if the quality measure was poor. Technical failure
was defined as no successful measurement after 10 attempts.
Unreliable results were those obtained with less than 10 measurements. The ratio between interquartile range (IQR; 25th – 75th
percentile) and the median value (M) of ten measurements
(IQR/M) ≤ 0.30 was defined as a quality factor [3]. An attempt
was made to collect 10 valid measurements with an IQR/M
≤ 0.30 [3].
The measurements were reported in kilopascal (kPa) which is
the measurement of the Young’s modulus E = 3 ρν2 where ρ is
the density of the tissue and ν the shear wave speed. The choice
of reporting the Young’s modulus unit instead of shear wave
speed in m/s was due to the use of the FibroScan, which only
reports results in kPa, as the reference standard.
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Each observer was blinded to the other observers’ results while
measurements were taken.

Statistics
A sample size of 26 subjects with 120 measurements (10 measurements for each of the 6 systems taken by two pairs of different operators) per subject achieves 90 % power to detect an intraclass correlation of 0.95 under the alternative hypothesis when
the intra-class correlation under the null hypothesis is 0.88 using
an F-test with a significance level of 0.05.
Descriptive statistics were produced for demographic characteristics for this study sample of patients. The Shapiro-Wilk test
was used to test the normal distribution of quantitative variables.
If the quantitative variables were normally distributed, the results
were expressed as the mean value and standard deviation (SD).
Otherwise the median and the IQR were reported. The coefficient
of variation was reported as well. Qualitative variables were summarized as counts and percentages.
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▶ Table 5 Concordance two by two between measurements performed with the six ultrasound systems and the FibroScan and with IQR/M ≤ 0.30.
The concordance is estimated using the concordance correlation coefficient (CCC), the r Pearson’s correlation coefficient, the bias-correction factor
(Cb, a measure of accuracy) and the Bland-Altman method.
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▶ Fig. 2 A Agreement between measurements obtained with the six US systems and those obtained with system 7 considered the reference
standard for this purpose. B Agreement between measurements obtained with the two US systems with a 2D-SWE technique and those obtained
with system 7. C Agreement between measurements obtained with the four US systems with a pSWE technique and those obtained with system 7.

▶ Fig. 3 On the left side: values obtained with the seven systems. The central box represents values from the lower to upper quartile (25 to 75
percentile). The horizontal line inside the box represents the median. The circles represent the outside values. On the right side: values obtained
with the seven systems for values of the system 7 ≤ 15 kiloPascal.

To describe the agreement between continuous measurements obtained by different operators or methods, we calculated
Lin’s concordance correlation coefficient (CCC). It can be expressed as the product of Pearson’s r (the measurement of precision)
and the bias-correction factor (Cb, the measure of accuracy) [10].
CCC ranges in values from 0 to + 1. Agreement was classified as
poor (0.00 – 0.20), fair (0.21 – 0.40), moderate (0.41 – 0.60),

Ferraioli G et al. Evaluation of Inter-System… Ultraschall in Med 2019; 40: 64–75

good (0.61 – 0.80), or excellent (0.81 – 1.00) [11]. The Bland and
Altman limits of agreement (LOA), with their 95 % confidence interval (CI), within and between observers were reported as well:
these represent the interval within which the absolute difference
between two repeated test results, even with a high agreement or
concordance, may be expected to lie with a probability of 95 %. If
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1

system

system

Obs. #

CCC
(95 %CI)

Pearson’s r

Cb

mean difference, kPa
(95 % limits of agreement)

71

1

29

0.88 (0.81 – 0.96)

0.93

0.95

–1.16 (–4.19 – 1.88)

7

2

29

0.91 (0.85 – 0.97)

0.93

0.98

–0.61 (–3.31 – 2.10)

7

3

30

0.72 (0.56 – 0.88)

0.76

0.95

0.68 (–5.66 – 7.03)

7

4

28

0.83 (0.73 – 0.94)

0.88

0.95

1.02 (–2.38 – 4.41)

7

5

30

0.87 (0.80 – 0.95)

0.90

0.97

0.31 (–2.95 – 3.57)

7

6

30

0.74 (0.58 – 0.91)

0.75

0.99

–0.56 (–5.72 – 4.59)

1

2

29

0.93 (0.88 – 0.97)

0.96

0.97

–0.55 (–3.22 – 2.12)

1

3

29

0.73 (0.57 – 0.89)

0.80

0.91

1.79 (–4.10 – 7.68)

1

4

28

0.74 (0.62 – 0.87)

0.91

0.82

–2.18 (–5.75 – 1.40)

1

5

29

0.80 (0.70 – 0.90)

0.92

0.87

–1.45 (–5.12 – 2.23)

1

6

29

0.74 (0.57 – 0.91)

0.75

0.98

–0.63 (–6.19 – 4.94)

2

3

29

0.69 (0.52 – 0.85)

0.77

0.89

1.24 (–5.07 – 7.56)

2

4

28

0.78 (0.65 – 0.91)

0.88

0.89

–1.60 (–4.74 – 1.53)

2

5

29

0.84 (0.74 – 0.94)

0.89

0.95

0.90 (–2.17 – 3.97)

2

6

29

0.78 (0.63 – 0.92)

0.78

0.99

0.08 (–4.62 – 4.78)

3

4

28

0.73 (0.59 – 0.87)

0.81

0.90

–0.37 (–6.41 – 5.67)

3

5

30

0.76 (0.66 – 0.87)

0.87

0.88

0.38 (–5.15 – 5.90)

3

6

30

0.77 (0.64 – 0.90)

0.84

0.92

1.25 (–4.17 – 6.67)

4

5

28

0.92 (0.87 – 0.98)

0.95

0.97

–0.68 (–2.63 – 1.26)

4

6

28

0.70 (0.53 – 0.88)

0.79

0.89

–1.54 (–6.11 – 3.03)

5

6

30

0.79 (0.67 – 0.92)

0.84

0.94

–0.87 (–4.85 – 3.11)

Obs.: observations; CI: confidence interval; kPa: kilopascal.
FibroScan.

the differences within mean ± 1.96 SD (LOA) are not clinically
important, the two methods may be used interchangeably.
P < 0.05 was considered statistically significant. All tests were
two-sided. The data analysis was performed with the STATA statistical package (release 14.0, 2015, Stata Corporation, College
Station, Texas, USA).

Results
The M probe of the FibroScan device was used for all subjects
because all of them had a skin-to-liver capsule distance ≤ 25 mm.
The failures and unreliable results observed with the seven
systems are reported in ▶ Table 2. There wasn’t any difference in
the rate of failures or unreliable results between the four observers. Overall, 294 observations in 26 patients were made by the
4 observers with the 6 systems. The maximum median time for
carrying out the examinations was less than 5 minutes.
▶ Table 3, ▶ Fig. 1 report the values obtained with the six
ultrasound systems and with the FibroScan. The median values
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obtained with the pSWE systems were lower than the median
values obtained with the 2D-SWE systems. The latter showed values closer to those of the FibroScan. The median value obtained
with system 3 was lower than those obtained with the other
pSWE systems because the low values were over-represented.
The intra-patient concordance for all systems was 0.89 (95 %
CI: 0.83 – 0.94). The comparison between all systems and intrapatient and intra-observer showed a CCC of 0.88 (95 % CI: 0.83 –
0.93).
▶ Table 4 shows the concordance two by two between measurements performed with the six ultrasound systems and the
FibroScan and ▶ Table 5 reports the concordance two by two
assessed with measurements with IQR/M ≤ 0.30. The mean difference in kPa was between 0.40 and 3.64, and it slightly decreased
for measurements with an IQR/M ≤ 0.30. There was an excellent
agreement (CCC above 0.80) for all the pairs of systems except
for system 1 and system 4 (CCC: 0.74), system 1 and system 5
(CCC: 0.78), and system 2 and system 4 (CCC: 0.79) that showed
a good agreement. These lower CCCs were obtained for the
agreement between systems with the 2D-SWE and pSWE tech-
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▶ Table 6 Concordance two by two between measurements performed with the six ultrasound systems for values of system 7 ≤ 15 kPa. The concordance is estimated using the concordance correlation coefficient (CCC), the r Pearson’s correlation coefficient, the bias-correction factor (Cb, a
measure of accuracy) and the Bland-Altman method.
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▶ Fig. 4 A Agreement between measurements obtained with the six US systems and those obtained with the FibroScan (system 7, reference
standard) for values of system 7 up to 15 kiloPascal. B Agreement between measurements obtained with the two US systems with a 2D-SWE
technique and those obtained with system 7. C Agreement between measurements obtained with the four US systems with a pSWE technique and
those obtained with system 7.

▶ Fig. 5 Bland and Altman plot of differences in measurements between observers A, B (left) and observers C, D (right). The green line (y = 0) is a
line of perfect average agreement. The purple line represents the mean of the difference of measurements. The orange lines define the limits of
agreement (mean of the difference (2 SD)).

nique. The agreement between systems with the pSWE technique
was excellent (CCC: 0.85 – 0.95 for all measurements, and 0.90 –
0.97 for those with an IQR/M ≤ 0.30) for all pairs of systems. There
was an increase in the agreement for measurements with IQR/M
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≤ 0.30. However, with system 6 only very few measurements had
an IQR/M ≤ 0.30, thus the CCC with this system is likely to be
biased. The mean difference (in kPa) between the values of the
two systems with the 2D-SWE technique was 1.54 kPa, whereas
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observers

system

subjects #

CCC
(95 %CI)

Pearson’s r

Cb

mean difference, kPa
(95 % limits of agreement)

A-B

1

10

0.98 (0.96 – 1.00)

0.99

0.99

1.25 (–2.80 – 5.30)

C-D

1

12

0.98 (0.96 – 1.00)

0.99

0.99

0.58 (–3.04 – 4.19)

A-B

2

11

0.96 (0.93 – 0.99)

0.98

0.98

–0.64 (–6.02 – 4.75)

C-D

2

12

0.95 (0.90 – 1.00)

0.97

0.98

–0.90 (–6.08 – 4.27)

A-B

3

13

0.93 (0.87 – 1.00)

0.95

0.99

–0.01 (–7.04 – 7.02)

C-D

3

12

0.91 (0.81 – 1.01)

0.94

0.97

–1.73 (–9.02 – 5.55)

A-B

4

10

0.86 (0.74 – 0.98)

0.98

0.88

–0.90 (–2.96 – 1.17)

C-D

4

10

0.88 (0.77 – 1.00)

0.94

0.94

1.28 (–3.50 – 6.07)

A-B

5

13

0.94 (0.87 – 1.00)

0.94

0.99

–0.73 (–5.81 – 4.36)

C-D

5

12

0.95 (0.89 – 1.01)

0.95

0.99

–0.02 (–4.26 – 4.22)

A-B

6

13

0.97 (0.94 – 1.00)

0.98

0.99

0.37 (–3.70 – 4.43)

C-D

6

12

0.79 (0.65 – 0.94)

0.94

0.84

–3.00 (-13.26 – 7.25)

CI: confidence interval; kPa: kiloPascal.

the maximum mean difference between the values of three out of
four systems with the pSWE technique was 0.79 kPa. The outlier
was system 6 which showed a maximum mean difference with
the values obtained with the other pSWE systems of 1.64 kPa.
Only a few measurements with IQR/M ≤ 0.30 were obtained with
system 6, thus the estimation of the level of concordance for this
system was not reliable. ▶ Fig. 2 shows the agreement in measurements between systems. System 7 was considered the reference standard for this purpose.
▶ Fig. 3 compares the values obtained with the six ultrasound
systems and TE overall and for values of TE≤ 15 kPa. If the agreement was assessed for values of TE≤ 15 kPa, i. e. the measurements in very stiff livers that are already in the range of liver cirrhosis were not included, there was a decrease in the agreement
among the different US systems. However, the number of observations was too low to allow a robust statistical analysis of the
data (▶ Table 6, ▶ Fig. 4).
The inter-observer agreement was 0.95 (95 % CI: 0.93 – 0.96)
overall, 0.96 (95 % CI: 0.94 – 0.98), with a difference between
measurements of 0.13 kPa (95 % LOA:–5.14 – 4.90) for the pair of
observers A-B, and 0.93 (95 % CI: 0.89 – 0.96), with a difference
between measurements of 0.44 kPa (95 % LOA: –6.94 – 6.06) for
the pair of observers C–D (▶ Fig. 5). The inter-observer agreement between the measurements performed by the four observers with each system is reported in ▶ Table 7.
A separate analysis of the data obtained in patients with stages
of liver fibrosis F2 or higher showed that the intra-patient concordance for all systems was 0.84 (95 % CI: 0.74 – 0.94). ▶ Table 8
reports the concordance two by two assessed for the measurements obtained in these patients. The mean difference in kPa
was between 0.42 and 5.58. The comparison between all systems
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and intra-patient and intra-observer showed a CCC of 0.83 (95 %
CI: 076 – 0.91). The inter-observer concordance was 0.93 (0.90 –
0.95).

Discussion
The results of this study show that the agreement between measurements of liver stiffness performed with different US systems is
excellent. Of course, an excellent agreement doesn’t mean that
the values are the same but that there is concordance between
them because they follow the same direction. The differences
between values obtained with different systems may be higher
than two kPa. Thus, in staging liver fibrosis with SWE, the cutoff
values could not be interchangeably applied across different US
systems. In fact, a difference of two kPa assigns the patient to a
different stage of liver fibrosis. A recent study has compared liver
stiffness findings, acquired with several US systems, with the results of the FibroScan in a series of patients with chronic hepatitis
C and has shown only a moderate concordance between the
results obtained with the US systems and those obtained with
the FibroScan [12]. In our study, we evaluated several aspects of
the concordance, including the estimate of the 95 % limits of
agreement, and focused on the assessment of variability between
systems, reducing to a minimum the variability between operators by applying a strict protocol for the acquisition of stiffness
values. The Bland-Altman plots showed that the variability
between measurements obtained with different systems was
higher in a stiffer liver. In fact, the agreement decreased slightly
when the data were analyzed for patients in stage F2 or higher.
Using liver stiffness measurements for the evaluation of patients
with chronic hepatitis C in everyday clinical practice, the complete
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▶ Table 7 The inter-observer agreement between the measurements performed by the four observers with each system. The concordance is estimated using the concordance correlation coefficient (CCC), the r Pearson’s correlation coefficient, the bias-correction factor (Cb, a measure of
accuracy) and the Bland-Altman method.

1

system

system

Obs. #

CCC
(95 %CI)

Pearson’s r

Cb

mean difference, kPa
(95 % limits of agreement)

71

1

25

0.95 (0.92 – 0.99)

0.96

0.99

–0.64 (–7.36 – 6.08)

7

2

25

0.89 (0.81 – 0.96)

0.91

0.97

1.21 (–8.81 – 11.23)

7

3

25

0.81 (0.68 – 0.93)

0.86

0.94

2.52 (–9.84 – 14.88)

7

4

22

0.71 (0.56 – 0.86)

0.87

0.82

2.86 (–7.13 – 12.86)

7

5

25

0.75 (0.64 – 0.85)

0.94

0.80

3.92 (–8.02 – 15.86)

7

6

24

0.84 (0.72 – 0.96)

0.85

0.98

0.58 (–10.35 – 11.51)

1

2

29

0.92 (0.87 – 0.97)

0.96

0.96

–2.43 (–4.58 – 9.44)

1

3

29

0.77 (0.63 – 0.90)

0.84

0.91

4.15 (–8.16 – 16.47)

1

4

25

0.64 (0.49 – 0.80)

0.88

0.73

4.61 (–4.71 – 13.93)

1

5

29

0.70 (0.57 – 0.82)

0.93

0.75

5.58 (–5.85 – 17.01)

1

6

28

0.84 (0.74 – 0.95)

0.88

0.96

2.44 (–8.34 – 13.22)

2

3

31

0.82 (0.71 – 0.94)

0.84

0.98

2.04 (–8.47 – 12.55)

2

4

27

0.71 (0.56 – 0.86)

0.84

0.84

3.03 (–5.20 – 11.25)

2

5

31

0.82 (0.72 – 0.91)

0.93

0.88

3.24 (–4.83 – 11.31)

2

6

30

0.91 (0.85 – 0.97)

0.91

1.00

0.42 (–7.45 – 8.30)

3

4

27

0.78 (0.66 – 0.90)

0.86

0.91

–1.09 (–9.50 – 7.32)

3

5

32

0.88 (0.83 – 0.94)

0.94

0.94

–1.39 (–9.29 – 6.52)

3

6

31

0.88 ()0.79 – 0.96)

0.89

0.99

1.38 (–7.63 10.39)

4

5

27

0.95 (0.91 – 0.99)

0.96

0.99

0.53 (–2.74 – 3.81)

4

6

27

0.74 (0.60 – 0.88)

0.85

0.87

–2.71 (–10.254.83)

5

6

31

0.81 (0.70 – 0.91)

0.88

0.92

–2.63 (–11.69 – 6.41)

Obs.: observations; CI: confidence interval; kPa: kilopascal.
FibroScan.

spectrum of liver fibrosis is represented and patients with not
significant fibrosis account for a sizeable percentage. In our study,
we enrolled patients with different degrees of liver fibrosis,
including not significant fibrosis and healthy volunteers. Thus,
the fibrosis spectrum was well-balanced. The difference in absolute stiffness values taken with different systems tends to increase
with the increase in fibrosis. In patients at higher risk of cirrhosis,
the difference in values with different systems is higher.
The Ultrasound SWS Technical Committee of the QIBA has
quantified the differences in measurements between commercially available shear wave elastography US systems using elastic
phantoms, and has shown that there is very good agreement
among SWS estimations with different systems [7]. Our study
confirms “in vivo” the results obtained in elastic phantoms. Moreover, in our study we reduced one source of bias identified in the
phantom study, i. e. the depth of the sample box. In fact, it was
maintained at a distance of around 4 cm from the skin as long as
it was always at least 1.5 cm below the liver capsule as recommended in the statement of the SRU consensus conference, in agreement with the study in phantoms that has shown that the ARFI
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pulse has a “sweet spot” at a depth of 4 – 5 cm with most systems
[3, 7].
The findings of our study confirm that, as suggested by the
SRU consensus, an IQR/M ≤ 30 % should be regarded as a quality
factor [3]. With the addition of this quality factor to ARFI systems,
more measurements may be rejected due to poor quality. However, this should lead to improved accuracy in the final result.
The range of values obtained with the two 2D-SWE systems
paralleled that of the FibroScan in cases of a very stiff liver (> 15
kPa), whereas the four systems with a pSWE technology gave lower values in the higher range of liver stiffness. However, as observed in phantoms for one of the systems used in this study,
both 2D-SWE systems showed values higher than those of the
FibroScan in softer livers [7].
On the other hand, the mean difference in values obtained
with three out of four pSWE systems was as low as 0.79 kPa,
even though the 95 % LOAs were large, whereas the mean difference between pSWE and 2D-SWE measurements reached a value
of 3.64 kPa, which was obtained in the comparison between system 1 and system 5. The different trends observed for pSWE and
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▶ Table 8 Concordance two by two between measurements performed with the six ultrasound systems and the FibroScan in patients with fibrosis
stage F2 or higher. The concordance is estimated using the concordance correlation coefficient (CCC), the r Pearson’s correlation coefficient, the
bias-correction factor (Cb, a measure of accuracy) and the Bland-Altman method.
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2D-SWE measurements compared to the FibroScan could be due
to the fact that, like what happens with the FibroScan, the value
obtained with 2D-SWE technology is the average of several measurements performed simultaneously in a larger area of the liver,
whereas the pSWE assessment is made at a single location. Moreover, the agreement between values obtained with pSWE and
2D-SWE systems was below 0.80 for system 4 and system 5.
Several published studies have reported excellent inter-observer reproducibility between measurements performed in healthy
subjects or patients with chronic liver disease with some of the
US SWE systems used in this study [13 – 19]. The overall interobserver agreement observed in our series was above 0.90. The
inter-observer agreement for each system was excellent except
for system 6 for the pair of observers C-D. On the other hand, system 6 was an outlier since it showed the lowest rate of values with
an IQR/M≤ 30 %. When considering the results obtained by both
pairs of observers, the highest agreement was observed for the
values obtained with the two systems with 2D-SWE technology.
It has been reported that the inter-observer agreement between
2D-SWE measurements is affected by the experience of the operator [13, 20]. However, in our study all operators were experts.
Unlike pSWE, the assessment of stiffness with 2D-SWE is performed in an ROI that includes several points of the liver tissue.
Thus, the possible variance due to heterogeneities between
nearby points could be decreased by the average of the values
obtained inside the ROI.
This study has limitations. First, the intra-observer variability
was not assessed. We made this choice to avoid discomfort to
the patient by prolonging the estimated time to complete scanning, which was likely to already be longer than one hour. Besides,
the main objective of this study was to assess the variability
between systems. Second, the inter-observer agreement for the
measurements performed with system 7, i. e. the FibroScan, was
not evaluated for both pairs of operators. However, one of the operators had limited experience with the system. Thus, he didn’t
perform the measurements with the FibroScan in order to avoid
any source of bias. On the other hand, in this study the FibroScan
was used as the reference standard and the agreement that we
obtained for a pair of operators was 0.97 (95 % CI: 0.95 – 0.99),
which was similar to the data in the literature [21]. Third, we
didn’t assess the concordance between systems for different
stages of liver fibrosis because the small sample size didn’t allow
a robust statistical analysis. Fourth, since the operators had already investigated the same patients with other systems, it could
be questioned whether the variability between systems could be
biased. However, we used the TE as the reference standard, and
the measurements with the FibroScan were taken at the end.
Thus, the operators did not know the stiffness value from the
“reference” system.
In conclusion, the results of this study show that the agreement between LSMs performed with different US systems is
good to excellent and the overall inter-observer agreement is
above 0.90 in expert hands. However, when staging liver fibrosis
with shear wave elastography, the cutoff values could not be
applied interchangeably across different US systems.

[17] Ferraioli G, Tinelli C, Lissandrin R et al. Point shear wave elastography
method for assessing liver stiffness. World J Gastroenterol 2014; 20:
4787 – 4796
[18] Bota S, Sporea I, Sirli R et al. Intra- and interoperator reproducibility of
acoustic radiation force impulse (ARFI) elastography–preliminary results. Ultrasound Med Biol 2012; 38: 1103 – 1108

[20] Hudson JM, Milot L, Parry C et al. Inter- and intra-operator reliability and
repeatability of shear wave elastography in the liver: a study in healthy
volunteers. Ultrasound Med Biol 2013; 39: 950 – 955
[21] Fraquelli M, Rigamonti C, Casazza G et al. Reproducibility of transient
elastography in the evaluation of liver fibrosis in patients with chronic
liver disease. Gut 2007; 56: 968 – 973

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

[19] Yoon JH, Lee JM, Han JK et al. Shear wave elastography for liver stiffness
measurement in clinical sonographic examinations: evaluation of in-

traobserver reproducibility, technical failure, and unreliable stiffness
measurements. J Ultrasound Med 2014; 33: 437 – 447

Ferraioli G et al. Evaluation of Inter-System… Ultraschall in Med 2019; 40: 64–75

75

