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Abstract

Background Liver stiffness evaluation (LSE) by Fibro-
scan is now widely used to assess liver fibrosis in chronic
hepatitis C. Liver steatosis is a common lesion in chronic
hepatitis C as in other chronic liver diseases, but its
influence on LSE remains unclear. We aimed to precisely
determine the influence of steatosis on LSE by using
quantitative and precise morphometric measurements of
liver histology.

Methods 650 patients with chronic hepatitis C, liver
biopsy, and LSE were included. Liver specimens were
evaluated by optical analysis (Metavir F and A, steatosis
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grading) and by computerized morphometry to determine
the area (%, reflecting quantity) and fractal dimension (FD,
reflecting architecture) of liver fibrosis and steatosis.
Results The relationships between LSE and liver histol-
ogy were better described using morphometry. LSE median
was independently linked to fibrosis (area or FD), steatosis
(area or FD), activity (serum AST), and IQR/LSE median.
Steatosis area >4.0 % induced a 50 % increase in LSE
result in patients with fibrosis area <9 %. In patients with
IQR/LSE median <0.30, the rate of FO/1 patients misclas-
sified as F > 2 by Fibroscan was, respectively for steatosis
area <4.0 and >4.0 %: 12.6 vs 32.4 % (p = 0.003). Stea-
tosis level did not influence LSE median when fibrosis area
was >9 %, and consequently did not increase the rate of
F < 3 patients misclassified as cirrhotic.

Conclusion A precise evaluation of liver histology by
computerized morphometry shows that liver stiffness
measured by Fibroscan is linked to liver fibrosis, activity,
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and also steatosis. High level of steatosis induces mis-
evaluation of liver fibrosis by Fibroscan.

Keywords Liver - Stiffness - Fibroscan - Steatosis -
Computerized morphometry - Chronic hepatitis C

Abbreviations

LSE Liver stiffness evaluation
FD Fractal dimension

IQR/M Interquartile range/median
AST Aspartate aminotransferase
ALT Alanine aminotransferase
Introduction

Fibroscan (Echosens, Paris, France) is a noninvasive device
that measures the velocity of an elastic shear wave, which
is induced by a mechanic impulse on the skin, as it moves
through the liver [1]. The liver stiffness is then calculated
from the speed of the shear wave: the faster the shear wave,
the harder the liver. Liver stiffness evaluation by Fibroscan
(LSE) is very well correlated with the histological stages of
liver fibrosis in patients with chronic hepatitis C [2, 3].
Moreover, two meta-analyses have shown that the accuracy
of LSE is very good for the noninvasive diagnosis of sig-
nificant fibrosis (Metavir F > 2) and excellent for cirrhosis
[4, 5]. Consequently, the French Health Authority [6] and
more recently the European Association for the Study of
the Liver [7] have recognized Fibroscan as a first-line exam
for the assessment of liver fibrosis in naive patients with
chronic hepatitis C.

Nevertheless, the interpretation of LSE remains difficult
in clinical practice [8]. Indeed, many studies have shown
that several conditions other than liver fibrosis influence
liver stiffness measured by Fibroscan, such as inflamma-
tion, either acute liver injury [9, 10] or flare-up during
chronic liver diseases [11], cholestasis [12, 13], central
venous pressure [14], or even food intake [15]. Finally, in
addition to the prevalence of fibrosis stages in the popu-
lation studied and statistical limits [16], all these influ-
encing factors may have contributed to the wide
heterogeneity of LSE diagnostic cut-offs calculated in
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previous studies, showing overlap within and between
fibrosis stages [17].

The influence of liver steatosis on LSE is still being
debated: some studies have shown increasing liver stiffness
with higher steatosis levels [18-20] whereas others failed
to demonstrate a significant impact [21-24]. In a recent
study including 615 patients with chronic hepatitis C, LSE
was found to be independently associated with fibrosis
stages, activity grades, and also steatosis grades [25].
However, all these studies used rough histological semi-
quantitative scores with only fair inter-observer reproduc-
ibility [26] to depict the relationship between liver steatosis
and liver stiffness. A recent review suggested that com-
puter-assisted digital image liver analysis is more sensitive
than optical analysis for the evaluation of liver histology
and its relationships with LSE [27]. We have recently
developed a fully-automated computerized morphometry
software to measure the area (reflecting amount) and the
fractal dimension (reflecting architecture) of steatosis or
fibrosis on liver specimens [28]. Our method allows for a
precise, highly reproducible, and comprehensive measure-
ment of liver histology [28].

The aim of the present study was thus to precisely
determine the relationship between LSE and liver steatosis
by using computerized morphometry for the evaluation of
liver histology; and to evaluate its impact on the accuracy
of LSE for the non-invasive diagnosis of liver fibrosis in
clinical practice in patients with chronic hepatitis C, i.e., as
a cause of discrepant results.

Methods
Patients

The present study pooled 2 cohorts of patients having very
similar inclusion and exclusion criteria. Patients were
included if they had chronic hepatitis C, defined as both
positive anti-hepatitis C virus antibodies and hepatitis C
virus RNA in serum. Exclusion criteria were other causes
of chronic hepatitis (hepatitis B or HIV co-infection,
alcohol consumption >30 g/day in men or >20 g/day in
women, hemochromatosis, autoimmune hepatitis) and cir-
rhosis complications (ascites, variceal bleeding, systemic
infection, hepatocellular carcinoma). The first cohort
included patients from 4 French centers (Angers, Bor-
deaux, Grenoble, and Tours) and the second corresponded
to the multicenter population of the FIBROSTAR study
promoted by the French National Agency for research in
AIDS and hepatitis [29]. All patients gave their informed
consent. The study protocol conformed to the ethical
guidelines of the current Declaration of Helsinki and
received approval from the local ethics committees.
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Histological examination
Optical analysis

Liver fibrosis was evaluated according to Metavir fibrosis
(F) staging, and activity according to Metavir activity
(A) grading. Significant fibrosis was defined as Metavir
F > 2 and cirrhosis as F4. Steatosis grading was determined
according to the percentage of hepatocytes with steatosis
vesicles: grade 0, <5 %; 1, 5-33 %; 2, >33-66 %; 3,
>66 %. In the first cohort, histological evaluation was
performed in each center by blinded senior pathologists
specialized in hepatology. In the FIBROSTAR study, his-
tological lesions were centrally evaluated by two senior
experts with a consensus reading in cases of discordance.

Morphometric analysis

The method used for morphometric analysis has been
previously described [28] and is detailed in the Supple-
mental Material. Briefly, liver biopsies were scanned to
obtain high quality images (30,000 x 30,000 pixels;
Fig. 1). Artifacts (folds, dust) were then manually
removed. A labeled digital image with 3 patterns (steatosis
vesicles in white, fibrosis tissue in black and other elements
in grey) was obtained via an automatic thresholding tech-
nique using a home-made algorithm. Finally, other auto-
matic algorithms developed in our laboratory determined
the area of steatosis (area of steatosis vesicles/complete
liver surface) and the fractal dimension (FD) of steatosis
according to the Kolmogorov method of box counting [30].
The area of fibrosis and the FD of fibrosis were determined
at the same time as steatosis morphometry, with a similar
method [28]. All morphometric measurements were per-
formed on the entire specimen area.

Fibroscan

Liver stiffness evaluation was performed using the standard
probe (M probe) by an experienced observer (>50 exam-
inations before the study) blinded for patient data, in the
week preceding liver biopsy. Examination conditions were
those recommended by the manufacturer [31]. LSE was
stopped when 10 valid measurements were recorded. LSE
results (kilopascals, kPa) were expressed as the median and
the interquartile range of all valid measurements. Diag-
nostic cut-offs used for LSE median were those specifically
determined for chronic hepatitis C in the meta-analysis of
Stebbing et al. [5]: 8.44 kPa for significant fibrosis and
16.14 kPa for cirrhosis. Interquartile range/median (IQR/
M) corresponded to the ratio LSE IQR/LSE median. LSE
with result >7.1 kPa and IQR/M >0.30 were considered
unreliable, as recently published [32].

Statistical analysis

Quantitative variables were expressed as mean =+ standard
deviation unless otherwise specified. Correlations between
quantitative variables were evaluated using the Spearman
(Rs) or the Pearson (Rp) correlation coefficients. The
Lowess curve by weighted least squares was used to
determine the average trend of relationships between
variables [33].

To determine the histological lesions linked to LSE
median, we performed multiple linear regressions includ-
ing LSE median (expressed as Ln kPa) as the dependent
variable and the liver lesions (fibrosis, activity, steatosis) as
predictors. Since liver fibrosis and steatosis can be
expressed semi-quantitatively by optical analysis or quan-
titatively by computerized morphometry (area or FD), we
performed three multivariate models: the first included as
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Fig. 1 Morphometric measurement of area of steatosis. a Capture of
optical image of liver specimen with picrosirius staining (x20).
b Labeled digital image with 3 classes (steatosis vesicles in white,

fibrosis tissue in black, and other elements in grey). ¢ Binary digital
image with steatosis vesicles in white used to calculate the area of
steatosis
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predictors the liver lesions determined by optical analysis
(“optical model”), the second included areas determined
by computerized morphometry (“area model”), and the
third included FD (“fractal model”). The “area model”
and the “fractal model” included quantitative descriptors
of liver fibrosis and steatosis. We thus used serum aspartate
(AST) and alanine (ALT) aminotransferases as a quanti-
tative surrogate marker of liver inflammation/activity, as
they were very well correlated with the pathological
activity grades. Finally, the “optical model” included
Metavir F stage, Metavir A grade, and steatosis grade; the
“area model” included area of fibrosis, area of steatosis,
and serum aminotransferases; and the “fractal model”: FD
of fibrosis, FD of steatosis, and serum aminotransferases.
All multivariate analyses were adjusted for age, sex, liver
biopsy length, and IQR/M. Statistical software was SPSS
version 18.0 (IBM, Armonk, NY, USA).

Results
Patients

224 patients were included in the Angers, Bordeaux, Gre-
noble, and Tours centers. The FIBROSTAR study included
512 patients, 86 of whom were secondarily excluded
because they were already included in the first cohort.
Thus, 650 patients were included in the present study; their
characteristics are detailed in Table 1. Mean biopsy length
was 254 + 8.4 mm, 96.2 % of biopsies were >15 mm
length and 72.9 % were >20 mm. 8.7 % of LSE were
considered unreliable.

Table 1 Patient characteristics at inclusion

Age (years) 50.2 (44.1-60.1)

Male (%) 62.0

24.4 (22.3-27.1)

25.0 (19.0-30.0)
4.8/39.4/25.1/17.4/13.4
2.0/40.8/48.5/8.8
67.0/22.3/8.9/1.8
28.6/50.3/21.1

Body mass index (kg/mz)
Biopsy length (mm)
Metavir F0/1/2/3/4 (%)
Metavir A0/1/2/3 (%)
Steatosis grade 0/1/2/3 (%)

Area of steatosis®
(<1.0 %/1.0-4.0 %/>4.0 %)

LSE median (kPa) 7.7 (5.4-10.8)
IQR/M 0.17 (0.12-0.24)
Unreliable LSE (%) 8.7

Quantitative variables are expressed as median with 1st and 3rd
quartiles into brackets

LSE liver stiffness evaluation, /QOR/M LSE interquartile range/LSE
median

* By computerized morphometry
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Relations between optical and morphometric histology
(Table 2)

Steatosis

The area and FD of steatosis were exponentially related
and highly correlated (R, = 0.908, p < 10>; Figure S1 in
Supplemental Material). The area (R, = 0.894, p < 10_3)
and the FD (R, = 0.867, p < 10_3) of steatosis were very
well correlated with steatosis grades and significantly dif-
ferent between adjacent grades (Fig. 2a, b).

Fibrosis

Similarly to steatosis morphometry, the area and the FD of
fibrosis were exponentially related and highly correlated
(Ry = 0.946, p < 107°; Figure S2a). The FD of fibrosis
had a more linear relationship with fibrosis stages
(R, =0.654, p < 1073) than did the area of fibrosis
(R, =0.534,p < 1073 Figures S2b and S2c).

Activity

Serum AST (R, = 0.406, p < 10~*) and ALT (R, = 0.347,
p < 107%) were significantly correlated with Metavir A
grades (Figure S3a).

Liver lesions linked to liver stiffness
Univariate analysis

Optical liver histology LSE median was significantly cor-
related with Metavir F stages (R, = 0.613, p < 1073,
Metavir A grades (R, = 0.331, p < 10_3), and steatosis
grades (R, = 0.285, p < 10~3; Table 2). LSE median was
significantly different between most adjacent F stages and
A grades, but for steatosis the difference was significant
only between grades 0 and 1 (Fig. 3). Within each fibrosis
stage, there was no difference for LSE median among
Metavir A or steatosis grades (Figure S4).

Morphometric liver histology LSE median was signifi-
cantly correlated with the area (R, = 0.449, p < 107%) or
the FD (0.528, p < 10_3) of fibrosis, and with the area
(Ry = 0.233, p < 1073) or the FD (R, = 0.265, p < 107°)
of steatosis (Table 2). Serum AST (R, = 0.425, p < 1073)
and ALT (R, = 0.365, p < 107°) were significantly cor-
related with LSE median.

Multivariate analysis
In the “optical model”, using classical semi-quantitative

predictors by optical analysis, LSE median was indepen-
dently linked to fibrosis stage and steatosis grade (Table 3).
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Table 2 Correlations (Spearman correlation coefficient, p into brackets) between liver histology determined by optical or morphometric

analyses and LSE median

Optical liver histology

Morphometric liver histology

Metavir F stage Metavir A grade Steatosis grade

Area of fibrosis FD of fibrosis Area of steatosis FD of steatosis

0.460 (<1073) - -

0.241 (<1073 0.228 (107%) -

0.558 (<1073 0.333 (<107%)  0.110 (0.102)
0.648 (<107 0.379 (<107%  0.179 (0.007)
0.153 (<107 0.165 (<107%)  0.780 (<1073)
0.223 (<1073 0.178 (<1073 0.773 (<1073)
0.613 (<1073) 0331 (<1073 0.285 (<1073)

Metavir A grade
Steatosis grade
Area of fibrosis
FD of fibrosis
Area of steatosis
FD of steatosis
LSE median

0.946 (<1072) - - -
—0.070 (0.087)  0.007 (0.855) - -

0.048 (0.238)  0.113 (0.006)  0.908 (<1073 -

0.449 (<1073 0.528 (<1073 0233 (<1073  0.265 (<1073)
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Fig. 2 Relationships between morphometric and optical analyses for
liver steatosis. a Area of steatosis as a function of steatosis grades.
b Fractal dimension of steatosis as a function of steatosis grades

However, in the subgroup of patients with a reliable liver
biopsy (>20 mm) and a reliable LSE, the steatosis grade
did not remain independently associated to LSE median

and was replaced by the activity grade. When using
quantitative predictors by computerized morphometry in
the “area model” and the “fractal model”, fibrosis, activity
(serum AST), and steatosis were always independently
associated with LSE median, in both the whole population
and the subgroup of patients with reliable biopsy and LSE.

Figure 4 depicts LSE median as a function of area of
fibrosis and AST level or area of steatosis, in the whole
population (see detailed results in Table S1). LSE median
significantly increased with the AST, whatever the fibrosis
level (Fig. 4a). Similarly, LSE median significantly
increased with the level of liver steatosis but only in
patients with an area of fibrosis <9.0 % (Fig. 4b). In this
subgroup, compared to patients with an area of steatosis
<1.0 % (LSE median 7.3 & 3.5 kPa), patients with an area
of steatosis between 1.0 and 4.0 % had a 15 % increase in
LSE median (8.4 £ 5.0 kPa, p = 0.035), and those with an
area of steatosis >4.0 % had a 50 % increase in LSE
(10.9 £ 7.3 kPa, p < 0.001). In patients with an area of
fibrosis >9.0 %, liver steatosis had no significant influence
on LSE median. The average trend between LSE median
and area of fibrosis as a function of AST or area of steatosis
is depicted in Figure S5.

Impact on fibrosis stage diagnosis in clinical practice

As AST and area of steatosis were associated with an
increase in LSE median, we conducted further evaluations
to see if they caused the misclassification of FO/1 patients
into a diagnosis of significant fibrosis (Metavir F > 2) by
Fibroscan, or F < 3 patients into cirrhosis.

FO0/1 patients
19.9 % of FO/1 patients had a LSE median >8.5 kPa and
were thus misclassified as F > 2 when the LSE cut-off of

Stebbing et al. [5] was used. By stepwise forward binary
logistic regression including area of steatosis, AST, ALT,

@ Springer
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Fig. 3 LSE median as a function of liver lesions determined by optical or morphometric analyses, or serum aminotransferases (non-linear

regression by Lowess curve in red, linear regression line in black)

biopsy length, and IQR/M, the rate of misclassified patients
was independently associated with IQR/M [Ist step,
p = 0.031,expf = 5.241 (95 %CI 1.168-23.512)] and area
of steatosis [2nd step, p = 0.033, expfi = 1.118 (95 %CI
1.009-1.238)]. The rates of FO/1 patients misclassified as
F > 2 by Fibroscan as a function of IQR/M and area of
steatosis are depicted in Fig. 5a. Misclassification signifi-
cantly increased with the level of steatosis in LSE with IQR/
M <0.30, whereas steatosis had no influence when IQR/M
was >0.30. In FO/1 patients with IQR/M <0.30, the rate of
misclassification was 12.6 % for area of steatosis <4.0 vs
32.4 % for area of steatosis >4.0 % (p = 0.003).

@ Springer

F < 3 patients

5.2 % of F < 3 patients had a LSE median >16.2 kPa and
were thus misclassified as cirrhotic by LSE [5]. By stepwise
forward binary logistic regression, the rate of misclassified
patients was independently associated with AST [1st step,
p <1073, expf = 1.011 (95 %CI 1.005-1.017)] and IQR/
M [2nd step, p = 0.004, expf = 6.068 (95 %CI
1.782-20.667)]. The rates of F < 3 patients misclassified as
cirrhotic by Fibroscan as a function of AST and IQR/M are
depicted in Fig. 5b. Misclassification significantly increased
with the level of AST, excepted when IQR/M was <0.10.
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Table 3 Liver lesions independently associated with LSE median (Ln kPa) by forward stepwise multiple linear regression
Patients Multivariate model
“Optical”® “Area”” “Fractal”®
Step Variable R Variable SR Variable SR
All Ist F stage 0.372 Area of fibrosis 0.233 FD of fibrosis 0.304
2nd IQR/M 0.386 AST 0.338 AST 0.374
3rd Steatosis grade 0.398 Area of steatosis 0.358 FD of steatosis 0.395
4th - - IQR/M 0.369 IQR/M 0.408
Biopsy length >20 mm and reliable LSE 1st F stage 0.471 AST 0.248 FD of fibrosis 0.248
2nd A grade 0.478 Area of fibrosis 0.376 AST 0.391
3rd - - Area of steatosis 0.414 FD of steatosis 0.425
4th - - Sex 0.419 - -

AST serum aspartate aminotransferase, FD fractal dimension

 Liver histology by optical analysis (Metavir F stage, Metavir A grade, steatosis grade), adjusted on: age, sex, biopsy length, IQR/M
° Area of fibrosis, area of steatosis, AST, ALT, adjusted on: age, sex, biopsy length, IQR/M
¢ FD of fibrosis, FD of steatosis, AST, ALT, adjusted on: age, sex, biopsy length, IQR/M
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Discussion

Steatosis is a highly common lesion in chronic liver dis-
eases and its influence on liver stiffness as measured by
Fibroscan remains still controversial [18-25]. Through

A Area of Steatosis (%): ©0<1.0 01.0-40 m24.0
p=0.026 p=0.277
45 A A
“n T A} T A}
E 40 35.7 36.4
RIS
T w 357
Q g
o 30
Q2 5
= =
.G : 25
o <
< 8 201
R
£ 'c 15
5%
“ 10+
£ 8
© p
2 5
0
<0.10 0.10-0.30 >0.30
IQR/M
B AST (ULN): m<l 01-2  m22
45 - p=0.046
] 4 A
E:_, 40
dg 35 30.8
<J
8 = 30 - p<0.001
- n
% 8 25
0 o
S E 20 p=0.259 15.9 72
L o
E —
E S 15
o
o 101
©
-4 5
0
<0.10 0.10-0.30 >0.30
IQR/M

Fig. 5 Influence of AST or liver steatosis on LSE accuracy. a Rate
of patients with LSE median >8.5 kPa among F0/1 patients, as a
function of IQR/M and area of steatosis. b Rate of patients with LSE
median >16.2 kPa among F < 3 patients, as a function of IQR/M and
AST expressed as upper limit of normal (ULN: 45 UI/L)
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sensitive and precise measurements of liver histology by
computerized morphometry, the present study clearly
demonstrates the significant influence of liver steatosis on
Fibroscan results in a large cohort of 650 patients with
chronic hepatitis C. Our results show that area of steatosis
is an independent predictor of liver stiffness measured by
Fibroscan, and that steatosis induces an increase in liver
stiffness in patients with mild/moderate fibrosis (area of
fibrosis <9 %) with consequently an increase in the rate of
FO/1 patients misclassified as F > 2 by Fibroscan. Steatosis
level has no influence on LSE median when fibrosis area is
>9 %, and consequently does not increase the rate of
F < 3 patients misclassified as cirrhotic.

Previous studies that evaluated the influence of steatosis
on liver stiffness measurement by Fibroscan had several
limitations [18-25]. First, they were impaired by the use of
rough histological semi-quantitative scores. For example,
when steatosis grading is used, the result remains “grade
2” despite a wide range of fat-containing hepatocytes,
ranging from 33 to 66 %. Second, the pathological classi-
fications used for steatosis grading in these studies were
heterogeneous. Third, some authors have found that the
evaluation of liver histology by semi-quantitative scoring
may be poorly reproducible [26]. Finally, it seems inap-
propriate to explain the quantitative and “physical” mea-
surement of Fibroscan, i.e., the speed of a shear wave in the
liver parenchyma, via “artificial” and semi-quantitative
histological score classifications. In this setting, we dem-
onstrated that the evaluation of liver histology by patho-
logical semi-quantitative scores fails to demonstrate a
significant and independent impact for steatosis on liver
stiffness measured by Fibroscan: LSE median was not
significantly different among steatosis grades within each
fibrosis stage (Figure S4), and steatosis grading was not an
independent predictor of LSE median in patients with
reliable biopsy and LSE (Table 3).

Our evaluation of liver histology by computerized
morphometry circumvents all these limitations: it allows
for a quantitative, precise, and highly reproducible evalu-
ation of quantity (area, expressed as %) or architecture
(fractal dimension) of liver fibrosis and steatosis [28]. In a
recent review on the assessment of fibrosis on liver biop-
sies, it was suggested that quantitative computerized mor-
phometry is likely a better histological index than stage
scores for the validation of LSE and other non-invasive
markers of fibrosis [27].

To our knowledge, three studies have already evaluated
the correlation between LSE median and liver fibrosis
measured by computerized morphometry [19, 34, 35].
However, the number of patients included in these studies
did not exceed 165, and those published by Ziol et al. [19]
and Wong et al. [35] included patients with various causes
of liver disease. Although these three studies showed
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significant correlations between area of fibrosis and LSE
median, the results of multivariate analyses aiming to
identify the parameters associated with LSE median were
heterogeneous. The study by Nitta et al. [34] did not
evaluated liver steatosis and showed LSE median as
independently associated with area of fibrosis, ALT, GGT,
prothrombin time, and hyaluronic acid. In the Ziol et al.
[19] study, independent predictors of LSE median were
area of fibrosis and steatosis (expressed as % fat-containing
hepatocytes), with no effect for liver activity (expressed as
high versus otherwise). Finally, Wong et al. [35] found that
ALT > upper limit of normal and Metavir A > 2 were
independent predictors of LSE median. However, in this
last work, the area of fibrosis was not introduced in the
multivariate analysis and liver steatosis was considered
only as a binary variable (absent versus present).

Thus, a major strength of our work is that we took all
liver lesions (fibrosis, steatosis, and activity) into account
in the same analysis. Even more, those lesions were eval-
vated in a quantitative (not semi-quantitative) manner
using computerized morphometry (area, fractal dimension)
for fibrosis or steatosis, and serum aminotransferases as
quantitative surrogate markers of activity. We confirmed
that liver stiffness measured by Fibroscan is independently
linked to the amount (area) or architecture (FD) of liver
fibrosis and to liver activity. Morphometric measurements
of liver histology allowed us to demonstrate the indepen-
dent influence of steatosis on LSE median. Indeed, the area
and FD of steatosis were independent predictors of liver
stiffness (Table 3). Moreover, an area of steatosis higher
than 4.0 %, considered as significant steatosis [28],
induced a 50 % increase in LSE median in patients with an
area of fibrosis <9 %. The influence of liver steatosis dis-
appeared when the area of fibrosis was higher than 9 %. In
addition, multivariate analysis identified liver fibrosis as
the main predictor of LSE median (Table 3). Taken toge-
ther, these results show that fibrosis has a greater impact
than steatosis on LSE median. Finally, steatosis increases
liver stiffness as measured by Fibroscan only in patients
without severe fibrosis, whereas its influence is discarded
by severe fibrosis.

Our results show that liver steatosis and serum amino-
transferases level have a significant impact on the diag-
nostic accuracy of Fibroscan in clinical practice. As those
lesions increased LSE median, we evaluated whether they
induced the misclassification of FO/1 patients (as assessed
by histology) into F > 2 and F < 3 patients into cirrhosis
in Fibroscan assessments. Because its influence on LSE
median was significant only in patients with an area of
fibrosis <9 %, area of steatosis was an independent pre-
dictor of the misclassification of F0/1 patients to significant
fibrosis, but not of F < 3 patients to cirrhosis. Interestingly,
steatosis increased the rate of misclassified FO/1 patients
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when IQR/M was <0.30 whereas it has no effect when
IQR/M was >0.30 (Fig. 5a). We have previously shown
that IQR/M >0.30 was associated with unreliable LSE
examination [32]. The result of the present study confirms
this findings with a high rate of FO/1 patients misclassified
as F>2 when IQR/M >0.30. Consequently, the poor
quality of LSE (IQR/M >0.30) with subsequent unreliable
results has probably masked the influence of steatosis on
LSE median. This result confirms previous studies that
established the IQR/M ratio as a major parameter for LSE
interpretation [32, 36, 37]. Surprisingly, AST was not an
independent predictor for the misclassification of FO0/1
patients to significant fibrosis. This was probably due to the
low AST level in this subgroup (Figure S3b). Indeed, 61 %
of FO/1 patients had AST <upper limit of normal and only
8 % had AST >2 times the upper limit of normal. In
contrast, AST level was a strong predictor for the mis-
classification of F < 3 patients to cirrhosis (Fig. 5b).

Finally, our results indicate that physicians have to
consider examination reliability (i.e., IQR/M) and other
liver lesions (i.e., activity and steatosis) when they interpret
LSE median. However, although IQR/M and AST are easy
to obtain in daily practice, no routine measurement of liver
steatosis is currently available. Ultrasonography can
accurately detect fatty liver [38], but this device does not
provide a precise quantification of liver steatosis and thus
cannot contribute to correct the steatosis impact on Fibro-
scan results. Recently, Fibroscan manufacturers have
developed a new technology that measures the attenuation
of the ultrasonic wave (in addition to its speed) in the liver
using signals acquired by the FibroScan M probe. This
“controlled attenuation parameter” (CAP) was developed
on the postulate that fat affects ultrasound propagation
[39]. CAP is measured at the same time, on the same
volume, and on the same signal as a valid liver stiffness
measurement by Fibroscan. Consequently, in practice,
CAP and liver stiffness measurements are provided
simultaneously by the Fibroscan device. In a recent study
including 615 patients with chronic hepatitis C, CAP
results were significantly correlated with the histological
grades of steatosis [25]. Moreover, the accuracy of CAP for
the diagnosis of mild, moderate, or severe steatosis was
very good with AUROCSs ranging from 0.80 to 0.88.
Finally, liver fibrosis had no influence on CAP values.
Thus, by using computerized morphometry as a reference
for liver lesion evaluation, it may be possible to develop an
algorithm that corrects LSE median according to CAP
value, AST, and IQR/M for a better noninvasive determi-
nation of liver fibrosis amounts.

In addition to the amount (area), our software for mor-
phometry determines the fractal dimension reflecting the
architecture of liver fibrosis or steatosis [28, 30]. Contrary
to the area expressed as percentage, fractal dimension is

not meaningful for physicians. However, our results
showed that fractal dimension better correlated with LSE
median than did the area of liver lesions (Table 2).
Moreover, in the whole population, the multivariate model
including fractal dimensions better explained LSE median
(,R*> = 0.408) than did the model including area of liver
lesions (,R> = 0.369, Table 3). However, this was not the
case in the subgroup of patients with reliable biopsies and
LSE, where models reached similar aRZ. Thus, further
studies are required to determine whether fractal dimension
is a better descriptor for LSE than area of liver lesions.

Despite the evaluation of liver fibrosis, steatosis and
activity, our multivariate models failed to explain more
than 50 % of LSE median (see cumulative ,R” in Table 3).
Indeed, LSE median is influenced by vascular congestion
[14], cholestasis [12], and probably several other liver
lesions such as edema. Currently, it is not possible to
quantitatively evaluate these lesions and consequently
precisely determine their influence on LSE. Finally,
Fibroscan allows for a global evaluation of liver lesions
linked to patient outcome [40-43]. Thus, rather than
continuing to evaluate the diagnostic accuracy of LSE in
cross-sectional studies, it now seems necessary to move
towards longitudinal studies with the aim of determining its
prognostic value against clinical events [8].

In conclusion, by using sensitive software for mor-
phometry that quantitatively measures liver fibrosis and
steatosis, we showed that liver stiffness measured by
Fibroscan is mainly influenced by liver fibrosis, but also by
liver steatosis. Other influencing factors are activity and
IQR/M (reflecting LSE reliability). Liver steatosis and
activity induced an increase in LSE median, and conse-
quently an overestimation of Metavir F stages. Multivariate
models did not explain more than 50 % of liver stiffness,
suggesting an influence of several other nonevaluated liver
lesions. Finally, Fibroscan allows for a global evaluation of
liver injury and not only liver fibrosis.
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