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Abstract

Introduction Controlled attenuation parameter (CAP) is a
new method for the diagnosis of steatosis. Until now, CAP
was available only with the M probe of the Fibroscan. The
aim of this study was to evaluate the diagnostic perfor-
mance of CAP with the XL probe versus CAP with the M
probe, using liver biopsy (LB) as gold standard.

Patients and Methods A total of 236 patients with chronic
liver disease undergoing LB had CAP measurement with M
and XL probes the same day. All LB were analyzed
independently by two experienced pathologists.

Results Median CAP was 240.5 and 239.5 dB/m with the
M and XL probes, respectively. For the detection of
steatosis grade with the M and XL probes, AUROCs were
0.82/0.83 for S > 1, 0.89/0.88 for S > 2, and 0.92/0.93 for
$3, respectively. Cutoffs were (M and XL probes) 246/242
for § > 1, 269/267 for S > 2, and 285/286 dB/m for S3,
respectively. The factor significantly associated with CAP
with the M and XL probes was steatosis grade. In multi-
variate analysis, a low CAP value with XL probe was
negatively associated with waist circumference, triglyc-
erides, albumin, and the alcohol consumption, and
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positively with alkaline phosphatases. In multivariate
analysis, a high CAP value with the XL probe was posi-
tively associated with waist circumference and
triglycerides.

Conclusion CAP with the XL probe is a new tool for the
diagnosis of steatosis. This parameter could be useful for
the diagnosis and the follow-up of obese patients.

Keywords Controlled attenuation parameter (CAP) - Liver
stiffness - Transient elastography - Fibroscan - Obesity -
NAFLD - Metabolic syndrome - Steatosis

Abbreviations
CAP Controlled attenuation parameter
LB Liver biopsy

AUROC Area under the receiver operating curve (ROC)
NAFLD Nonalcoholic fatty liver disease

BMI Body mass index

HBV Hepatitis B virus

HCV Hepatitis C virus

IQR Interquartile range

LSM Liver stiffness measurement

Introduction

Nonalcoholic fatty liver disease (NAFLD) is one of the most
common chronic liver diseases worldwide and the second
leading etiology among adults awaiting liver transplantation
in the USA [1, 2]. The prognosis depends heavily on histo-
logical severity. While patients with simple steatosis have
excellent prognosis, those with nonalcoholic steatohepatitis
tend to progress and have hepatic complications.

Recently, a novel physical parameter based on the
properties of ultrasonic signals acquired by the Fibroscan
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has been developed using the postulate that fat affects
ultrasound propagation [3]. This novel parameter, named
controlled attenuation parameter (CAP), measures the
ultrasound attenuation at the center frequency of the
Fibroscan M probe (3.5 MHz). Values range from 100 to
400 dB/m. CAP can be used for steatosis detection and
quantification and present several advantages: It is non-
invasive and easy to perform, provides immediate results
and is inexpensive in comparison with other measurement
modalities. CAP can be performed, simultaneously to liver
stiffness measurement and in the same liver volume,
making it possible to simultaneously evaluate both fibrosis
and steatosis and consequently enhancing the spectrum of
non-invasive methods for the exploration and follow-up of
patients with chronic liver disease.

Many studies have shown that CAP is significantly
correlated with the percentage of steatosis and steatosis
grade, and that median CAP is higher among patients
with significant steatosis in patients with chronic liver
disease [3-9]. The largest study reported correlations
between CAP and steatosis grade according to LB in 440
patients [5]. Moreover, 5323 CAP examinations in
patients with chronic liver diseases showed that factors
significantly associated with elevated CAP were BMI,
metabolic syndrome, alcohol >14 drink/week, and liver
stiffness >6 kPa. Recently, individual meta-analysis
showed that CAP values in dB/m (95% CI) were influ-
enced by several covariates with an estimated shift of 10
(4.5-17) for NAFLD/NASH patients, 10 (3.5-16) for
diabetics, and 4.4 (3.8-5.0) per BMI unit [7]. In some
cases, no valid measurements were obtained with the M
probe, mainly in obese patients. Therefore, a new probe
was developed, named XL probe, especially for patients
with elevated skin-liver length [10]. However, until
recently, CAP measurement was not possible with XL
probe.

Up to now, CAP with the XL probe of the Fibroscan®
was assessed in studies with a small number of patients
showing satisfactory results when taking steatosis evalua-
tion by MRI as a Ref. [11]. However, even if those pre-
liminary results were very promising, there was a need of
an independent study of the performance of CAP with the
XL in a large cohort of patients taking liver biopsy as a
reference.

The objective of this study was to evaluate the diag-
nostic performance of CAP with the XL probe of the
Fibroscan versus CAP with the M probe of the Fibroscan,
using liver biopsy as gold standard, in a large cohort of
patients who underwent both M and XL probe succes-
sively. The second objective of this study was to assess
factors associated with CAP and with elevated and low
CAP values.
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Patients and Methods
Study Population

Between April 2010 and October 2012, consecutive
patients with chronic liver disease undergoing LB at the
University Hospital of Bordeaux (France) were analyzed.
We retrospectively included patients age 18 years or above
who underwent a successful liver stiffness measurement
with Fibroscan (at least 10 valid measurements with both
M and XL probes of the Fibroscan, successively), and a LB
suitable for interpretation according to the pathologists.
These patients were patients included in a prospective
study registered with ClinicalTrials.gov, number
NCT02060565. The study protocol was conformed to the
ethical guidelines of the 1975 Helsinki Declaration, and all
patients signed an informed consent.

Clinical Assessment

Anthropometric tests included body weight, body height,
waist circumference measurements. BMI was calculated as
weight (kg) divided by height (m) squared. Waist cir-
cumference was measured at a level midway between the
lower rib margin and iliac crest with the tape all around the
body in the horizontal position. Metabolic syndrome was
defined according to the ethnic-specific criteria by the
International Diabetes Federation, which was modified
from the National Cholesterol Education Program, Adult
Treatment Panel III Guidelines.

Liver Stiffness and CAP Measurements

Liver stiffness and CAP measurements were taken with
Fibroscan (Echosens, Paris, France) by experienced oper-
ators blinded to the patients’ bioclinical data and using the
acquisition procedure described in [12]. All patients were
measured successively using both M and XL probes at the
same measurement point.

During the clinical examination, the raw ultrasonic radio
frequency signals were stored in the Fibroscan examination
file to enable computation of CAP off-line. CAP compu-
tation was performed blinded to patients’ clinical and his-
tological data.

CAP has been designed to measure liver ultrasonic
attenuation (go and return path) at 3.5 MHz on the signals
acquired by the Fibroscan. Principle of CAP measurement
has been described elsewhere [3]. CAP was computed only
when the associated liver stiffness measurement was valid
and using the same signals as the one used to measure liver
stiffness. Therefore, both stiffness and CAP were obtained
simultaneously and in the same volume of liver
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parenchyma (namely between 25 and 65 mm for the M and
between 35 and 75 mm for the XL probe).

The final CAP results were expressed in dB/m and
corresponded to the median of 10 wvalid individual
measurements.

Liver Histology

Liver histology served as the gold standard for evaluating
the diagnostic accuracy of CAP. Percutaneous LB was
performed using the 16G Menghini needle the same day as
CAP measurement. LB specimens were fixed in formalin
and embedded in paraffin.

For the purpose of the study, all LB were analyzed
independently by two experienced pathologists (PB and
VP) who were blinded to the clinical and Fibroscan data. A
consensus was reached in cases of disagreement between
the two readings.

Steatosis was assessed visually in percent and in grade,
of either macro-vacuolar or mixed type, defined as follows:
0 = steatosis < 5%, 1 = 5-33%, 2 = steatosis 34—66%,
3 = steatosis > 66%.

For all patients, fibrosis was staged from FO to F4
according to the METAVIR score for chronic hepatitis and
NASH CRN score for ALD and NAFLD patients, and
activity was graded from A0 to A3 [13].

Statistical Analysis

In descriptive analyses, continuous variables were expres-
sed as mean =+ standard deviation (SD) or median [in-
terquartile range], and categorical variables as absolute
figures and percentages. Confidence intervals were repor-
ted for a 95th confidence level.

Correlations were performed using the Spearman p
correlation except for ordinal variables for which the
Kendall 7 correlation was used.

Diagnostic performance was assessed using receiver
operating characteristic (ROC) curve analysis (AUROC).
Cutoffs were selected based on the equality of sensitivity
and specificity or to minimize the absolute value of the
difference between specificity and sensitivity since both
may not be exactly equal. Such a criterion was selected
since it facilitates the comparison between the two differ-
ences diagnostic tests (CAP with the M probe and CAP
with the XL probe) [14]. Specificity, sensitivity, positive
predictive value, and negative predictive value associated
with each cutoff values were computed. Comparison of
AUROCs was performed using the Delong test. Compar-
ison of sensitivity and specificity was made using a
McNemar test. Comparison of positive predictive value
and negative predictive value was made using a general-
ized score statistic.

Multivariate linear regression using a stepwise back-
ward elimination was performed to understand which his-
tological parameters (steatosis grade, fibrosis, and activity
stages) are influencing CAP and LSM values. Due to its
skewed distribution, LSM was 1/X-transformed to perform
the multivariate linear regression analysis.

To assess what is associated with a low CAP value (high
CAP value, respectively), the optimal cutoff obtained in the
ROC analysis was used for the detection of steatosis grade
lesser than S1 and greater than S3. Univariate analysis
using odds ratio was performed between a low CAP value
(high CAP value, respectively) and different parameters.
Parameters significantly associated with a low CAP value
(high CAP value, respectively) were then entered into the
multivariate analysis.

To assess the link between metabolic syndrome and
CAP, patients were separated into three groups according
to their CAP value (low: < 250 dB/m, intermediate:
250-300 dB/m, high: > 300 dB/m). The prevalence of
metabolic syndrome and distribution of metabolic syn-
drome parameters were evaluated. The difference between
CAP groups was assessed using Chi-square test for binary
variables and Kruskal-Wallis test for continuous variables.

All statistical analyses were performed using R software
[15]. A p value of less than 0.05 was considered statisti-
cally significant.

Results
Characteristics of the Study Population

From April 2010 to October 2012, 236 consecutive patients
with chronic liver disease who had both 10 valid mea-
surements using the Fibroscan M and XL probe performed
successively and a LB suitable for interpretation according
to the pathologists were retrospectively evaluated.

Patient characteristics are summarized in Table 1. 56% of
the patients were male, mean age was 52 + 14 years, and
mean BMI was 25.5 & 5.2 kg/m?. Mean length of LB was
23.5 + 7.7 mm (range 640 mm). 27.1% of the patients had
hepatitis C virus (HCV) infection, 20.8% NAFLD, 12.3%
hepatitis B virus (HBV) infection, 3.8% ALD, and 36.0%
other chronic liver disease (unexplained chronic cytolysis
n = 32, alcoholic disease n = 12, chronic cholestasis
n = 14, autoimmune hepatitis n = 8). Steatosis grade dis-
tribution was as follows: SO0 n = 122 (51.7%), S1 n = 53
(22.5%), S2 n = 24 (10.2%), and S3 n = 37 (15.7%).

Comparison of CAP with the M and XL Probes

Median CAP (interquartile range, IQR) was 240.5 (88.8)
and 239.5 (90.8) dB/m for the M and XL probes,
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Table 1 Characteristics of the 236 patients

Parameters Characteristics
Male gender 132 (56%)
Age (years) 53 [19]
BMI (kg/m?) [2 MD] 24.4 [6.3]
Waist circumference (cm) [17 MD] 89 [19]
Diabetes 36 (15%)
Hypertension [1 MD] 72 (31%)
Metabolic syndrome [17 MD] 92 (42%)
Platelet count (G/L) [3 MD] 195 [76]
Prothrombin time (%) [3 MD] 99 [20]
INR [3 MD] 1.01 [0.11]
ALT (IU/L) [1 MD] 72 [81]
AST (IU/L) [8 MD] 48 [35]
Alkaline Phosphatases (IU/L) 81 [62]
GGT (IU/L) [1 MD] 100 [173]
Total bilirubin (pmol/L) [4 MD] 11.0 [7.0]
Albumin (g/L) [2 MD] 41.4 [4.6]
Creatinine (umol/L) 65.5 [23.0]
Fasting glucose (mmol/L) [8 MD] 5.10 [1.15]
Triglycerides (mmol/L) 1.20 [0.89]
HDL cholesterol (mmol/L) 1.29 [0.54]
Total cholesterol (mmol/L) [16 MD] 4.99 [1.68]
Ferritin (ng/mL) 168 [246]
Liver biopsy length (mm) 25 [13]
Steatosis grade
SO 122 (51.7%)
S1 53 (22.5%)
S2 24 (10.2%)
S3 37 (15.7%)
Activity stage [5 MD]
A0 69 (29.9%)
Al 75 (32.5%)
A2 55 (23.8%)
A3 28 (12.1%)
A4 4 (1.7%)
Fibrosis stage [1 MD]
FO 56 (23.8%)
F1 68 (28.9%)
F2 55 (23.4%)
F3 41 (17.4%)
F4 15 (6.4%)

Quantitative variables are expressed as median [interquartile range]
and categorical variables as figures (percentages)

MD missing data, BMI body mass index, /NR international normal-
ized ratio, ALT aspartate aminotransferase, AST alanine aminotrans-
ferase, GGT gamma glutamyl transpeptidase, HDL high-density
lipoprotein

respectively. The Pearson correlation coefficient was
r=0.83, p< 10~'°. The mean difference between CAP
with the M and with the XL probe was 0.03 [-77.0;
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77.0] dB/m and was not statistically different of 0
(» = 0.99) (Supplementary File Fig. 1).

Diagnostic Performance of CAP with the M and XL
Probes

The Kendall correlation coefficient between steatosis grade
and CAPwas k = 0.52,p < 10~'° for both the M and XL
probe. The Spearman correlation coefficient between
steatosis in percent and CAP was p = 0.65, p < 107'® and
p = 0.64, p < 107'° for the M and XL probe, respectively.
A boxplot of CAP values with both the M and XL probes
versus the steatosis grade is given in Fig. 1.

A summary of CAP diagnostic performances for both
probes is given in Table 2. ROC curves for the diagnostic
of each steatosis grade using both probes are shown in
Fig. 2. For the detection of each steatosis grade using both
the M and the XL probes, AUROCs were 0.82/0.83 for
S > 1, 0.89/0.88 for § > 2, and 0.92/0.93 for S3, respec-
tively. The diagnostic performance in terms of AUROCS
was not statistically significant between both probes. The
cutoffs were assessed for both M and XL probe as sensi-
tivity equals specificity. Computed cutoffs were for the M
and XL probes 246/242 dB/m for S > 1, 269/267 dB/m for
S > 2, and 285/286 dB/m for S = 3, respectively. Sensi-
tivity, specificity, and positive and negative predictive
values were not significantly significant between the
probes. Cutoffs determined for the M probe were applied to
the XL probe results showing very similar results with not
statistical difference in sensitivity, specificity, and positive
and negative predictive values.

When selecting the probe according to the BMI (M
probe for the 190 patients with a BMI < 30 kg/m? and XL
probe for patients with a BMI > 30 kg/m?), results in
terms of AUROCs were 0.81 [0.76-0.87] for S1, 0.89
[0.84-0.94] for S2, and 0.92 [0.88-0.97] for S3,
respectively.
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Fig. 1 Boxplot of CAP according to steatosis grade for both the M
and XL probes. Steatosis grades: 0 = steatosis < 5%, 1 = 5-33%,
2 = 34-66%, 3 = steatosis > 66%
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Table 2 Summary of CAP diagnostic performance with both the M and XL probes, taking as a reference steatosis grade assessed on histology

Steatosis grade Probe type  AUROC P Cutoff (dB/m)  Se P Sp P PPV P NPV P
>S1 (Pr=483%) M 0.82 [0.77-0.88]  0.82 246" 075 1 075 1 074 1 077 1
XL 0.83 [0.77-0.88] 242° 0.75 0.75 0.74 0.77
246° 0.80 056 0.74 032 077 039 076 0.90
>82 Pr=259%) M 0.89 [0.84-0.93] 0.63  269* 0.80 1 0.81 0.85 059 085 092 097
XL 0.88 [0.82-0.93] 267* 0.80 0.81 0.60 0.92
269° 080 1 083 043 062 045 092 0.89
S3 (Pr = 15.7%) M 0.92 [0.89-0.96] 0.64  285* 081 056 081 016 044 013 096 047
XL 0.93 [0.89-0.97] 286" 0.84 0.84 0.50 0.97
285° 0.86 031 084 016 051 009 097 0.27
* Cutoff for whom sensitivity equals specificity
M probe cutoff applied to the XL probe results
Pr prevalence, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive value
Fig. 2 Receiver operating (a) S=1 (b) S>2
curves (ROC) and areas under o _| o
the ROC (AUROC) for the T T
diagnostic of each steatosis © _| o |
grade > 1,8>2,85=3 e e
using CAP with the M and the £ o | £ o |
XL probes £ ° Z ©°
(2] (2]
c < S <
$ o AUC: 0.827 (0.774-0.881) (% o T AUC: 0.877 (0.824-0.931)
o~ | N
e M e M
o _| — XL o | — XL
o o

T T

10 08 06 04 02 00

Factors Associated with CAP

Association of CAP with Histological Parameters

Specificity

Sensitivity

CAP with the M probe was related in univariate analysis to
steatosis grade x = 0.52, p < 107'% activity grade
k=031,p< 1079; and fibrosis stage k = 0.12, p = 0.02.

10 08 06 04 02 00

AUC: 0.931 (0.892-0.970)

— XL

T T T T

T

10 08 06 04 02 00

Specificity

Specificity

In multivariate analysis, the only factor significantly
associated with CAP with the M probe was steatosis grade

(p <1079,

CAP with the XL probe was related in univariate anal-
ysis to steatosis grade x = 0.52, p < 107'%; activity stage
k=028p< 1077; and fibrosis stage k = 0.12, p = 0.02.
In multivariate analysis, the only factor significantly
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associated with CAP with the XL probe was steatosis grade
(p <107'9.

Bioclinical Parameters Associated with a Low CAP
Value (<246 dB/m)

Bioclinical parameters significantly associated with a low
CAP value (<246 dB/m) with the XL probe are summa-
rized in Table 3. In multivariate analysis, a low CAP value
was negatively associated with waist circumference
(p<107%: OR =091 [0.87-0.93], triglycerides
(p = 0.02): OR = 0.55 [0.33-0.88], albumin (p = 0.03):
OR =091 [0.84-0.99], and the alcohol consumption
(»p = 0.03): OR = 0.97 [0.94-1.00] and positively with
ALP (p = 0.01): OR = 1.01 [1.00-1.01].

The same analysis of a low CAP value (<246 dB/m)
with the M probe yielded similar results. In multivariate
analysis, parameters significantly related to a low CAP
value (<246 dB/m) with the M probe were the following:
waist circumference (p < 107'%): OR = 0.87 [0.83-0.91],
alcohol consumption (p = 0.002): OR = 0.95 [0.92-0.98],
albumin (p = 0.02): OR = 0.90 [0.93-0.98], and ALP
(p = 0.05): OR = 1.00 [1.00-1.01].

Bioclinical Parameters Associated with a High CAP
Value (>285 dB/m)

Bioclinical parameters significantly associated with a high
CAP value (>285 dB/m) with the XL probe are summa-
rized in Table 3. In multivariate analysis, a high CAP value

was positively associated with waist circumference
(p < 107%) and triglycerides (p = 0.04) and negatively
with ALP (p = 0.02).

The same analysis of a high CAP value (>285 dB/m)
with the M probe yielded to similar results. Indeed, the
exact same bioclinical parameters were found to be
correlated with a high CAP in univariate analysis. In
multivariate analysis, the parameters significantly related
to a high CAP value (>285 dB/m) with the M probe are
the following: waist circumference (p < 1077):
OR = 1.11 [1.08-1.15], albumin (p < 107°): OR = 1.21
[1.09-1.37], fasting glucose (p =0.01): OR = 1.34
[1.07-1.71].

Association of Metabolic Syndrome and Metabolic
Syndrome Parameters with CAP Values

Patients were separated into three groups: patients with a
low CAP value <250 dB/m, patients with an intermediate
CAP value comprised between 250 and 300 dB/m, and
patients with a high CAP value >300 dB/m. The preva-
lence of metabolic syndrome and distribution of metabolic
syndrome parameters are given in Fig. 3. The prevalence
of metabolic syndrome increased with the CAP values as
well as the prevalence of diabetes and hypertension.
Waist circumference increased with increasing CAP val-
ues and was significantly different between each CAP
group two by two. Patients with low CAP value were
correctly classified (S0/S1) in 94% of cases, and patients

Table 3 Factors associated with a low CAP value (<246 dB/m) and a high CAP value (>285 dB/m) with the XL probe, in univariate and

multivariate analysis

Bioclinical parameter ~ Factors associated with a low CAP value (<246 dB/m)

Factors associated with a high CAP value (>285 dB/m)

Univariate analysis

Multivariate analysis

Univariate analysis Multivariate analysis

Male gender 0.45 [0.26-0.75] Ns

BMI

Waist circumference
Diabetes

Alcohol consumption
Tobacco consumption
ALP

Albumin

Fasting glucose
Triglycerides

HDL cholesterol
Metabolic syndrome

Hypertension

0.80 [0.74-0.85]
0.90 [0.87-0.93]
0.23 [0.10-0.50]
0.98 [0.95-1.00]
0.98 [0.97-1.00]
1.01 [1.00-1.01]
0.90 [0.84-0.96]
0.77 [0.63-0.91]
0.65 [0.46-0.90]
2.83 [1.56-5.31]
0.25 [0.12-0.51]
Ns

Ns
0.91 [0.87-0.93]
Ns
0.97 [0.94-1.00]
Ns
1.01 [1.00-1.01]
0.91 [0.84-0.99]

0.55 [0.33-0.88]
Ns
Ns
Ns

2.01 [1.10-3.75] Ns
1.30 [1.21-1.42] Ns
1.12 [1.09-1.16] 1.11 [1.08-1.15]
3.55 [1.70-7.43] Ns
Ns Ns
Ns Ns

0.99 [0.99-1.00]
1.09 [1.01-1.17]
1.28 [1.09-1.51]
1.61 [1.16-2.28]
0.31 [0.15-0.62]
4.96 [2.49-10.1]
1.99 [1.08-3.66]

0.99 [0.98-1.00]
Ns
Ns
1.64 [1.03-2.63]

N statistically non-significant
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Fig. 3 Metabolic syndrome (a) and distribution of the parameters of
the metabolic syndrome (b diabetes, ¢ hypertension, d waist circum-
ference, e HDL cholesterol, f triglycerides) according to the CAP

with a high CAP value were correctly classified (52/53) in
80% of cases.

Diagnostic Performance of LSM and Influence
of Steatosis on LSM

AUROC for the diagnostic of F > 2 was 0.78 [0.72-0.84]
and 0.72 [0.65-0.78] for the M and XL probes, respec-
tively. AUROC for the diagnostic of F =4 was 0.87
[0.77-0.96] and 0.84 [0.74-0.94] for the M and XL probes,
respectively.

LSM with the M probe was related in univariate analysis
to fibrosis stage x = 0.40, p < 107'% activity stage
k=024; p< 1075, and steatosis grade x = 0.11,
p = 0.03. In multivariate analysis, the only factor signifi-
cantly associated with LSM with the M probe was the
fibrosis stage (p < 107'°).

LSM with the XL probe was related in univariate
analysis to fibrosis stage x = 0.34, p < 10~"", activity
stage k = 0.18, p < 107>. LSM with the XL probe was not
significantly correlated with steatosis grade x = 0.01,
p = 0.77. In multivariate analysis, the only factor signifi-
cantly associated with LSM with the XL probe was the
fibrosis stage (p < 107'%).

values (<250, 250-300, >300 dB/m). The indicated p value repre-
sents the difference between groups using Chi-square test for binary
variables and Kruskal-Wallis test for continuous variables

Discussion

In the present study, we assessed CAP with the XL probe
of the Fibroscan and compared it to CAP with the M probe.
To our knowledge, this is the largest study evaluating the
diagnostic performances of CAP with XL probe taking
steatosis at LB as a reference.

In this large cohort, we have shown that CAP measured
with the XL probe of the Fibroscan had good to excellent
performance for the diagnosis of each steatosis stage. In
addition, we showed that the same cutoff values can be
applied for both M and XL probes. This is a very important
result since it will allow an ease of interpretation when
using either the M or the XL probe. Both probes can now
be used very easily by the clinician, just choosing the
proper probe for each patient’s morphology [16, 17].

In the present study, we have shown that the perfor-
mances of CAP with the XL probe are similar to the per-
formance of CAP with the M probe of the Fibroscan.
Moreover, the AUROCs and cutoffs for CAP for steato-
sis >S1 and >S2 were very similar between our study and
the recent published meta-analysis [7]. These results and
the fact that CAP is now available with the XL probe of the
Fibroscan is a major progress for the management of obese
patients. In 2014, more than 13% of the world’s population
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was obese and around 25% in affluent countries [18].
Nearly one-third of American adults now have NAFLD
[19-21]. Moreover, the prevalence of NAFLD in non-
obese patients is increasing and was recently estimated
around 7% [22].

A high CAP value was mainly associated in multivariate
analysis with waist circumference and triglycerides, two
components of the metabolic syndrome. To further assess
the link between metabolic syndrome and CAP, patients
were separated into three groups according to their CAP
value (low: <250 dB/m, intermediate: 250-300 dB/m,
high: >300 dB/m). We choose to use 250 dB/m instead of
246 and 300 dB/m instead of 285 dB/) for more friendly
use of CAP in clinical practice. The prevalence of the
metabolic syndrome and the distribution of the metabolic
syndrome criteria were associated with CAP value. This
association had already been shown in a previous study on
5323 examinations [5] and is demonstrated again in the
present study. This strong association could let us presume
that CAP may have the potential to be a more objective
parameter than the metabolic syndrome.

At last, we propose an algorithm for clinical use of
CAP. With this algorithm, we can exclude steatosis S2/53
with a negative predictive value of 94% and suspect
steatosis $2/53 with a positive predictive value of 80%.
Our cutoff of 300 dB/m is close to another cutoff
(310 dB/m) we proposed with the M probe in NAFLD
patients [6]. Therefore, in clinical practice, we can con-
clude that in patients with CAP >300-310 dB/m, steatosis
§2/83 is very likely and management of the patient should
be adapted to this result.

Our study has some limitations. Firstly, patients had
chronic liver disease from various etiologies. A study
assessing the performance of CAP with the XL probe in
NAFLD patients is needed. Secondly, our study was per-
formed in one center and a tertiary center. Our results need
to be evaluated in other centers, especially in different
countries. At last, most of our patients were non-obese.
This was mandatory for our study since we aimed to
compare the performance of CAP with the M and with the
XL probe and for that purpose we should have patients that
could be successfully assessed using both probes and
therefore mainly non-obese patients. However, since the
XL probe of the Fibroscan is dedicated to overweight and
obese patients, it is necessary to assess the performance of
CAP with the XL probe of the Fibroscan in that patient’s
type.

In conclusion, with the measurement of CAP using the
XL probe of Fibroscan, and since CAP is related to the
metabolic syndrome, CAP could become an objective
parameter of the metabolic syndrome and its evolution
could be very useful in the follow-up of obese patients.
However, its prognosis role needs further large studies.
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