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Objectives Recently, controlled attenuation parameter (CAP) was incorporated for XL probe. However, its performance 
through M and XL probes has been scarcely evaluated in nonalcoholic fatty liver disease (NAFLD). The performance of 
probes regarding transient elastography by Fibroscan is still under debate. 
Aim Compare the performance of CAP and transient elastography in NAFLD patients obtained through XL with M probes 
using histological analysis as gold standard. 
Methods NAFLD patients underwent liver biopsy and FibroScan/CAP with M and XL probes the same day. C-statistic 
evaluated CAP performance in the identification of moderate/severe (≥33%) and severe (≥66%) steatosis by both probes and 
transient elastography performance for identification of significant fibrosis (≥F2). 
Results Eighty-one patients (74% female; age 54.2 ± 9.9 years; BMI 32.8 ± 5.2/ BMI ≥ 25 92.6%; 96% metabolic syndrome; 
60% diabetes mellitus) were included. Mean CAP with M and XL probes was 314 ± 39 and 325 ± 47 dB/m, respectively. The 
areas under receiver operating characteristic curves (AUROCs) of the M and XL probes for steatosis detection ≥33% were 
0.75 (0.64–0.84) and 0.76 (0.65–0.84) (P = 0.95) and for steatosis ≥66% 0.83 (0.73–0.90) and 0.82 (0.71–0.89) (P = 0.73), 
respectively, with similar performances for both degrees of steatosis. Regarding transient elastography, AUROCs of M and XL 
probes for ≥F2 were 0.82 (0.71–0.93) and 0.80 (0.69–0.92) (P = 0.66). 
Conclusion Performance of M and XL probes is similar for the diagnosis of moderate and severe steatosis and significant 
fibrosis even on a overweight population with NAFLD. Eur J Gastroenterol Hepatol 2020: 231–238
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most 
common cause of chronic liver disease in Western coun-
tries [1,2]. Patients with NAFLD are at an increased risk 
of more aggressive liver disease, nonalcoholic steatohep-
atitis (NASH) and at higher risk of death from cirrhosis, 
hepatocellular carcinoma (HCC) [3] and cardiovascular 
disease [4,5]. It should be noted that NAFLD is becom-
ing a major cause of HCC in the United States and was 
associated with shorter survival time compared with other 
predisposing etiologies [6]. Although not necessary for 
the diagnosis of NASH [7], the presence of fibrosis is an 
important feature because most studies indicate that the 
fibrosis stage influences overall and liver-related mortality 

regardless of the presence or severity of other histological 
features [8–10].

Therefore, an accurate estimation of the degree of 
liver fibrosis is crucial for prognostication and clinical 
decision making [11]. Transient elastography (FibroScan, 
Echosens, Paris, France) has emerged as a popular nonin-
vasive test of liver fibrosis with excellent results reported 
for the diagnosis of cirrhosis and advanced fibrosis in 
NAFLD/NASH [12–14]. Despite its usefulness in the 
management of liver disease, transient elastography also 
has limitations [15,16]. Studies have shown that obesity is 
the most important reason for failed and unreliable meas-
urements [15,16]. However, NAFLD is strongly linked 
to obesity, with a prevalence of around 80% in obese 
individuals compared with only 16% in individuals with 
normal BMI and without metabolic risk factors [1,17]. 
Hence, an XL probe was developed to evaluate patients 
with an increased skin-liver length, a frequent finding in 
obese patients [18,19].

Recently, controlled attenuation parameter (CAP), a 
noninvasive tool for quantifying steatosis has been devel-
oped on the Fibroscan [20]. Steatosis quantification by 
CAP analyzes the ultrasound attenuation at the center fre-
quency of the Fibroscan probe and is acquired at the same 
time of liver stiffness measurements (LSMs), with values 
ranging from 100 to 400 dB/m [20]. This method has sev-
eral advantages: easy to perform, accurate and can iden-
tify even patients with low grades of steatosis [21–23]. 

mailto:acfcardoso@gmail.com?subject=


Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

232    European Journal of Gastroenterology & Hepatology February 2020 • Volume 32 • Number 2

The evaluation of steatosis by CAP was initially available 
only for the M probe and lately was also incorporated 
for the XL probe [24]. Nonetheless, the performance of 
transient elastography and CAP through the XL probe has 
scarcely been evaluated, especially in a Western population 
exclusively with NAFLD [19,25–27]. Thereby, the aim of 
this study was to compare the diagnostic performance of 
transient elastography and CAP using M and XL probes 
in a population of overweight patients with histological 
diagnosis of NAFLD.

Methods

Study design and patients

This was a cross-sectional study with prospective inclusion 
conducted at the outpatient unit of Hepatology Service 
of the Hospital Universitário Clementino Fraga Filho 
of the Universidade Federal do Rio de Janeiro (Federal 
University of Rio de Janeiro) in Brazil. Individuals with 
18 or more years of age and NAFLD diagnosis by ultra-
sonography whose clinicians requested a liver biopsy were 
included in this study.

HIV, hepatitis C virus and hepatitis B virus infected 
patients were excluded as well as those with other etiolo-
gies for chronic liver diseases. Patients using hepatotoxic 
drugs or therapy that could cause hepatic steatosis were 
excluded. Individuals with daily alcohol intake greater 
than: 20 g for women and 30 g for men were also excluded. 
In addition, subjects with a contraindication for liver 
biopsy were also excluded. The local Ethics Committee 
approved the study and all patients signed an informed 
consent form (ICF).

Study procedures

Individuals included in the study were submitted to clin-
ical and laboratorial evaluation, liver stiffness and CAP 
measurements using FibroScan (by the same operator) 
and liver biopsy at the same day.

Demographic, clinical and laboratorial variables

Demographic (gender, age), anthropometric (BMI, weight, 
abdominal circumference), clinical (diagnosis of diabe-
tes mellitus, presence of systemic arterial hypertension, 
hypercholesterolemia, hypertriglyceridemia) and labo-
ratorial [alanine aminotransferase test (ALT), aspartate 
aminotransferase test, gammaglutamil transferase, total 
cholesterol and its fractions and triglycerides, blood glu-
cose – including fasting glucose and glycosylated hemo-
globin, platelet count) variables were registered.

Liver stiffness and controlled attenuation parameter 
measures

Liver stiffness (LSM) and CAP measurements were per-
formed by the same experienced operator using Fibroscan 
502 touch, whose technique was previously described 
[28,29]. The 3.5-MHz M and the 2.5-MHz XL probes 
were used for all patients in the same measurement point. 
The final liver stiffness result was expressed in kilopascals 
(kPa) and corresponded to the median value of 10 meas-
urements performed between 25 and 65 mm depth or 35 

and 75 mm depth, to M and XL probes, respectively. Only 
results with 10 valid shots, interquartile range/median liver 
stiffness ratio <30% and success rate >60% were included 
in the analysis. CAP was registered when there was a valid 
associated LSM using the same signals as the one used to 
measure liver stiffness [20]. Both liver stiffness and CAP 
were obtained simultaneously and in the same volume of 
liver parenchyma. The final CAP value was the median of 
individual CAP values and was expressed in dB/m.

Liver histopathology

Percutaneous liver biopsy was performed under ultra-
sound guided using 16-gauge diameter needles. Liver spec-
imens shorter than 15 mm were excluded. An experienced 
physician obtained the fragments according to standard 
procedures. An independent pathologist, blinded to the 
study data, evaluated liver biopsy specimens. The NASH 
clinical research network Scoring system was applied to 
define fibrosis staging, the diagnosis of steatohepatitis and 
steatosis grading [30].

Statistical analysis

Clinical and laboratory data as well as liver stiffness 
and CAP final values and histopathology diagnosis were 
recorded in case report forms and entered in the SPSS 
21.0 software (IBM Corp, Armonk, New York). All varia-
ble values were analyzed as continuous variables or were 
categorized when appropriate. Means, medians and other 
summary variables were calculated. Boxplots and graphs 
were constructed. Univariate analyses were performed 
using Chi square or Fisher exact test for categorical vari-
ables, and Student’s t test or Mann–Whitney test for con-
tinuous variables as appropriate. Odds ratios (ORs) and 
95% confidence intervals (CIs) were calculated. The main 
analysis of this study was the evaluation of diagnostic per-
formance of the two probes. Receiver operating character-
istic curves were constructed to assess the overall accuracy 
of LSMs and to identify optimal cutoffs. The optimal 
cutoffs of moderate/severe, severe steatosis and signifi-
cant fibrosis were chosen at the highest Youden’s index 
based on cases with 10 valid measurements. The areas 
under receiver operating characteristic curves (AUROC) 
were compared by the method of DeLong et al. [31] using 
MedCalc18.6 (MedCalc Software, Ostend, Belgium). All 
reported P values are two sided. A P value of less than 
0.05 was considered statistically significant.

Results

Study population

Eighty-five patients have agreed to participate in the study 
and have signed the ICF. All patients were submitted on 
the same day, to laboratorial evaluation, transient elastog-
raphy through FibroScan® with M and XL probes and 
liver biopsy. Four patients were excluded due to unreliable 
measurements obtained with M probe (criteria’s previ-
ously described).

Demographic and clinical characteristics of the 81 
patients included in the study are shown in Table 1. The 
majority of patients were female (74%) with a mean age of 
54.2 ± 9.9 years. The mean BMI was 32.8 ± 5.2 Kg/m2. Only 
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7.4% of patients had a BMI under 25 and 69% of patients 
were obese. Ninety-six percent of subjects had metabolic 
syndrome. Only 24.6% of patients had elevated ALT. The 

distribution of fibrosis according to the histological analy-
sis was: F0 (n = 32.1%), F1 (n = 49.3%), F2 (n = 6.2%), F3 
(n = 6.2%) and F4 (n = 6.2%). Seventy-two percent had the 
diagnosis of NASH in histological analysis, and the distri-
bution of the different grades of steatosis in the histological 
analysis was: S0 (n = 0%); S1 (n = 27.2%); S2 (n = 49.3%) 
and S3 (n = 23.5%). The characteristics of the patients 
according to the degree of hepatic steatosis observed in 
liver biopsy and the comparative analysis between the dif-
ferent degrees of steatosis and the clinical and laboratory 
variables are presented in Table 2. The majority of patients 
presented moderate steatosis (49.3%).

Analysis of the controlled attenuation parameter 
performance with the M and XL probes in the diagnosis 
of hepatic steatosis

The mean CAP with the M probe was 314 ± 39 and 
325 ± 47 dB/m with the XL probe (Table  3) (P < 0.01). 
CAP, through the M and XL probes, presented progres-
sively higher values in patients with mild, moderate and 
severe steatosis (Table 3 and Fig. 1).

For the analysis of the performance between the M and 
XL probes, the diagnoses of moderate/severe (S2/S3) and 
severe (S3) steatosis were considered because there were 
no patients in the sample without steatosis to evaluate the 
performance of CAP for the diagnosis of mild steatosis.

The performances of the M and XL probes for the 
detection of moderate/severe (S1 vs. S2S3) and severe 
steatosis (S1S2 vs. S3) were similar (Fig. 2a and b). The 
AUROC of CAP for diagnosis of moderate/severe steato-
sis for the M and XL probes was 0.75 (0.64–0.84) and 
0.76 (0.65–0.84), respectively (P = 0.95) (Fig.  2a). When 

Table 1. Patients’ clinical, demographic and laboratorial characteristics

Variables N = 81

Female gender (%) 74.0
White skin self-declared (%) 62.9
Age (years) 54.2 ± 9.9
Weight (kg) 84.9 ± 16.3
BMI (kg/m2) 32.8 ± 5.2
BMI < 25 (kg/m2) (%) 7.4
BMI ≥ 25 (kg/m2) (%) 92.6
Abdominal circumference (cm) 109.1 ± 10.6
Diabetes (%) 60.0
SAH (%) 80.0
Metabolic syndrome (%) 96.1
Hypertrygliceridemia (%) 65.3
Hypercholesterolemia (%) 68.4
Glucose (mg/dL) 117 ± 34
Glycosylated hemoglobin (%) 6.8 ± 1.2
Cholesterol (mg/dL) 187 ± 40
HDL (mg/dL) 42 ± 11
LDL (mg/dL) 110 ± 38
Triglycerides (mg/dL) 159 ± 87
Uric acid (mg/dL) 5.4 ± 1.5
ALT (U/L) 41 (16–179)
AST (U/L) 33 (28–108)
GGT (U/L) 50 (20–435)
Elevated ALT (%) 24.6
Elevated AST (%) 18.5
Elevated GGT (%) 40.9
Platelet count (×103) 247 ± 62

Values are mean (SD) for normally distributed data or proportion for categorical 
data.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gam-
maglutamiltransferase; HDL, high-density lipoprotein; LDL, low-density lipo-
protein; SAH, systemic arterial hypertension.

Table 2. Patients’ clinical, demographic and laboratorialcharacteristics according to steatosis grade in liver biopsy (S1, S2 and S3) (n = 81)

Variables S1 (n = 22; 27.2%) SS2 (n = 40; 49.3%) S3 (n = 19; 23.5 %) P value

Female gender (%) 68.2 75.0 78.9 0.72
White skin self-declared (%) 50.0 70.0 63.2 0.29
Age (Years) 53.8 ± 7.0 57.2 ± 8.5 46.8 ± 13.7 0.02a

Weight (kg) 85.2 ± 17.5 83.8 ± 15.9 89.4 ± 17.9 0.28
BMI (kg/m2) 33.1 ± 5.6 32.1 ± 4.5 36.6 ± 5.2 0.025b

Abdominal circumference (cm) 108.7 ± 11.2 108.4 ± 10.4 113.1 ± 11.8 0.032c

Diabetes (%) 54.5 61.5 63.1 0.82
SAH (%) 76.2 90.0 63.2 0.48
Metabolic syndrome (%) 90.9 97.4 100.0 0.27
Hypertrygliceridemia (%) 50.0 72.9 68.7 0.19
Hypercholesterolemia (%) 63.6 74.2 62.5 0.59
Glucose (mg/dL) 106 ± 24 123 ± 35 123 ± 44 0.19
Glycosylated hemoglobin (%) 6.6 ± 0.9 6.9 ± 1.1 7.1 ± 1.8 0.31
Cholesterol (mg/dL) 184 ± 42 192 ± 42 191 ± 33 0.50
HDL (mg/dL) 42 ± 12 43 ± 10 43 ± 12 0.97
LDL (mg/dL) 109 ± 41 116 ± 40 112 ± 36 0.47
Triglycerides (mg/dL) 147 ± 99 148 ± 81 176 ± 97 0.60
Uric Acid (mg/dL) 5.4 ± 0.9 5.7 ± 2.0 4.9 ± 1.3 0.35
ALT (U/L) 38 (24–58) 41 (19–179) 72 (20–130) 0.036d

AST (U/L) 23 (14–68) 25 (13–58) 33 (14–77) 0.13
GGT (U/L) 72 (25–276) 48 (29–177) 92 (20–435) 0.10
Elevated ALT (%) 5.2 21.8 57.1 0.003
Elevated AST (%) 10.5 15.6 35.7 0.15
Elevated GGT (%) 35.0 28.1 78.5 0.005
Platelet Count (× 103) 237 ± 55 252 ± 68 257 ± 77 0.46

Values are mean (SD) for normally distributed data or proportion for categorical data.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gammaglutamiltransferase; HDL, high-density lipoprotein; LDL, low-density lipoprotein; 
SAH, systemic arterial hypertension.
aS2 vs. S3, P = 0.035.
bS1 vs. S3, P = 0.047; S2 vs. S3, P = 0.040.
c S1 vs. S3, P = 0.038.
dS1 vs. S3, P = 0.036; S2 vs. S3, P = 0.048.
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comparing CAP performance for the diagnosis of severe 
steatosis (S1S2 vs. S3), AUROC of 0.83 (0.73–0.90) and 
of 0.82 (0.71–0.89) for the M and XL probes, respectively, 
showed similar performance (P = 0.73) (Fig. 2b). In strati-
fied analysis by gender, there was no statistically significant 
difference in performance for the diagnosis of moderate/
severe and severe hepatic steatosis with M and XL probes. 
Cutoffs for M and XL probes for the diagnosis of moder-
ate/severe steatosis were 298 and 291 dB/m, respectively. 
For the evaluation of severe steatosis, the best cutoffs for 
M and XL probes were 322 and 348 dB/m, respectively. 
The cutoff points found presented similar performances 
of sensitivity, specificity, positive and negative predictive 
values (Table 4).

Analysis of the transient elastography performance with 
M and XL probes for diagnosis of significant fibrosis

The median of the liver stiffness with the M probe was 
8.0 kPa (3.3–28.8 kPa) and 6.6 kPa (3.3–28.4 kPa) with 
the XL probe (P < 0.001) (Table 3). The performance of 
both probes for the diagnosis of significant fibrosis (F ≥ 2) 
is shown in Fig. 3. The AUROC for the M probe of 0.82 
(0.71–0.93) and for the XL probe of 0.80 (0.69–0.92) 
(P = 0.66).

We identified the transient elastography value of 
8.2 kPa as the best cutoff point for discriminating sig-
nificant fibrosis (F2 − F4) for both M and XL probes. 

Descriptions of sensitivity, specificity, positive predictive 
value, negative predictive values of cutoff points were pre-
sented in Table 5.

Discussion

This study evaluates the performance of transient elastog-
raphy and CAP through the XL probe, comparing with 
the M probe, in a predominantly overweight population 
exclusively compound of patients with fatty liver disease 
and it has two important findings. First, CAP presented 
good accuracy with M and XL probes for the diagnosis 
of moderate/severe and severe steatosis in patients with 
NAFLD. Second, it demonstrates, similarly, that even in 
patients with high abdominal circumference and obesity, 
the accuracy of transient elastography with both probes 
for the diagnosis of significant fibrosis was good. CAP 
was recently incorporated in the XL probe. Only two pre-
vious studies show the comparison between CAP values 
obtained with both probes [26,27]. The first study address-
ing this issue was the study by de Lédinghen et al. [26]. 
In this study, 236 patients with different etiologies of liver 
diseases (20.8% NAFLD) were evaluated and the results 
obtained with both probes were compared. The M and 
XL probe showed similar performance for the diagnosis 
of mild (P = 0.82), moderate (P = 0.63) and severe (P = 0.64) 
steatosis. They also proposed the use of similar cutoff 
points for both probes. However, this study evaluated a 
heterogeneous population, with various etiologies for liver 
diseases. Only a fifth of the patients presented NAFLD. 
These patients are the ones of greater interest because they 
are in essence those with hepatic steatosis and metabolic 
syndrome. In our study, we evaluated only patients with 
NAFLD, a homogeneous population. Although we could 
not analyze the CAP performance for detecting mild stea-
tosis, because in our sample we did not have patients with-
out steatosis, the analysis for the diagnosis of moderate/
severe and severe steatosis also presented similar accuracy. 
The performance of the M and XL probes for moderate/
severe steatosis were similar (AUROC 0.75 M vs. 0.75 XL, 
P = 0.95) as well as for severe steatosis (AUROC 0.83 M 
vs. 0.82 XL, P = 0.73). The performance for the diagnosis 
of moderate/severe steatosis was regular with both probes. 
This may be explained by the difficult diagnosis of this inter-
mediate grade of steatosis by noninvasive methods. For the 
diagnosis of severe steatosis, the performance of CAP in 
the present study was satisfactory, although slightly lower 
than that found in the previously mentioned article [26]. 
Of note, we may also consider the anthropometric profile 

Table 3. Elastography and controlled attenuation parameter results with M and XL probes according to steatosis grade (S1, S2 and S3)

Variables N = 81 S1 (n = 22) S2(n = 40) S3 (n = 19) P value

M probe
  Elastography (kPa) 8.0 (3.3–28.8) 6.3 (4.4–14.4) 7.1 (3.3–25.7) 10.9 (4.7–28.4) 0.72
  IQR elastography (%) 14 ± 5 15 ± 6 14 ± 4 15 ± 7 0.13
  CAP (dB/m) 314 ± 39 283 ± 30 317 ± 36 384 ± 28 <0.001
  IQR CAP 8 ± 5 10 ± 7 8 ± 4 7 ± 3 0.33
XL probe
  Elastography (kPa) 6.6 (3.3–28.4) 6.1 (3.3–12.0) 6.1 (3.7–21.8) 8.2 (4.3–28.4) 0.15
  IQR elastography (%) 13 ± 5 15 ± 5 13 ± 4 14 ± 7 0.93
  CAP (dB/m) 325 ± 47 289 ± 43 334 ± 38 357 ± 30 < 0.001
  IQR CAP 12 ± 6 13 ± 5 14 ± 7 10 ± 6 0.28

Values are mean (SD) for normally distributed data, median (minimun-maximun) for asymmetrically distributed data.
CAP, controlled attenuation parameter; IQR, interquartile range. 

Fig. 1. CAP with M and XL probes according to steatosis grades in histo-
logical analysis. CAP, controlled attenuation parameter.
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of the population included in this study compounded of 
predominantly overweight/obese patients that might have 
contributed to a lower performance of both probes in the 
evaluation of moderate/severe steatosis, although still good 
for the evaluation of severe steatosis.

In 2018, Chan et al. [27] published a study with 
180 patients, most of them with NAFLD (86.7%). The 
study applied the CAP cutoff points proposed by the 

meta-analysis of Karlas et al. [32] to the CAP measure-
ments obtained with the XL probe. They concluded that 
these cutoffs could be used successfully in the analyzed 
population. Nevertheless, it is also a cohort with several 
etiologies, and principally, not submitted to transient elas-
tography and liver biopsy on the same day. Thirty percent 
of the sample have been submitted to transient elastog-
raphy with more than one month of difference, and of 

Fig. 2. (a) Performance of M and XL probes for the diagnosis of moderate/severe steatosis. (b) Performance of M and XL probes for the diagnosis of 
severe steatosis. AUROC, areas under receiver operating characteristic curve; CAP, controlled attenuation parameter.

Table 4. Performance of M and XL probes according to steatosis grade (moderate/severe and severe)

Variables Cutoff (dB/m) Probes
Sensitivity (%)  

(95% CI)
Specificity (%)  

(95% CI)
Positive predictive  

value (%)
Negative predictive  

value (%)

Steatosis grade
  Moderate/severe (n = 59) 298 M 76.2 (63.4–86.4) 68.1 (45.1–86.1) 86.5 (77.4–92.3) 51.7 (38.4–64.7)

291 XL 88.1 (77.1–95.1) 50.0 (28.2–71.8) 82.5 (75.4–87.8) 61.1 (41.1–77.9)
  Severe (n = 19) 322 M 89.4 (66.9–98.7) 72.5 (59.8–83.1) 50.0 (39.3–60.6) 95.7 (85.7–98.8)

348 XL 73.6 (48.8–90.9) 79.0 (66.8–88.3) 51.8 (38.2–65.1) 90.7 (82.0–95.4)

CI, confidence interval.
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these subjects almost 20% had more than three months 
between the liver biopsy and transient elastography. 
NAFLD patients may change anthropometric characteris-
tics quickly because they gain and lose weight sometimes 
on a short interval, leading to a rapid change in the pat-
tern and, consequently, results of transient elastography 
and even liver biopsy. Thus, smaller intervals between 
transient elastography and histological evaluation, as we 
presented in this study, propitious more accurate results 
[33,34].

Another issue addressed in our study is the compara-
tive performance of M and XL probes for the diagnosis of 
significant liver fibrosis in an exclusively NAFLD popula-
tion. Few studies analyzed transient elastography results 
with XL probe compared with those found in liver biopsy 
[19,25,35,36]. In 2012, Wong et al. [25] demonstrated in 
a French-Chinese bicentric study that the XL probe had 
lower cutoff points than those previously identified with 
the M probe. A cutoff value of 8.2 kPa with the XL probe 
had 90% of specificity to rule in F2 disease in that study 

Fig. 3. Performance of M and XL probes for the diagnosis of significant fibrosis. AUROC, areas under receiver operating characteristic curve.

Table 5. Performance of M and XL probes for significant fibrosis (F ≥ 2)

Variables Cutoff (kPa) Probes AUROC
Sensitivity (%)  

(95% CI)
Specificity (%)  

(95% CI)

Positive  
predictive  
value (%)

Negative 
predictive 
value (%)

Fibrosis stage
  Significant fibrosis 

(F ≥ 2) N = 15
8.2 M 0.78 (0.68–0.86) 93.3 (68.1–99.8) 63.6 (50.9–75.1) 36.8 (29.2–45.2) 97.6 

(86.2–99.6)
8.2 XL 0.75 (0.64–0.84) 73.3 (44.9–92.2) 77.2 (65.3–86.7) 42.3 (29.9–55.7) 92.7 

(84.5–96.7)

AUROC, areas under receiver operating characteristic curve; CI, confidence interval.
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and the cutoff point for XL probe for the settlement of sig-
nificant liver fibrosis was 6.2 kPa. The cutoff point found 
in our study, for both probes, for the diagnosis of F ≥ 2 was 
also 8.2 kPa. The sensibility was superior with both probes 
in comparison with Wong’s results (M probe – 93%/XL 
probe – 73% vs. 57%). However, the specificity was lower 
in our study (M probe – 63%/XL probe – 77%). We 
believe that the definition of F ≥ 2 cutoff points an impor-
tant target. Patients with significant fibrosis are eligible 
to therapy (different to those with mild disease) and have 
greater risk to progressive liver disease [37]. Both probes 
presented similar performance for the diagnosis of F ≥ 2, 
even in a predominant obese population. The fact that we 
can use the same cutoff for both probes simplifies daily 
practice. Another interesting point in the study of Wong 
et al. [25] is the fact that a large number of patients had 
failed transient elastography measurements with M probe 
(10%) besides only 2% with XL probe. These results 
unbalanced the intention-to-diagnosis analysis with the 
M probe, with AUROCs showing approximately 0.50 in 
the different fibrosis stages. Although in the present study 
we did not perform the intention-to-diagnosis analysis, we 
only lost 4% of our patients evaluated with the M probe. 
The AUROC for the diagnosis of F ≥ 2 was similar with 
the M and XL probes, even though in our population the 
median BMI was higher compared with Wong study (32.8 
vs. 28.9 Kg/m2).

In a German study with 50 patients with NAFLD [19], 
the diagnostic performance for the diagnosis of F ≥ 2 for 
the M and the XL probes has also shown similar per-
formance for both probes (P = 0.68) as we found in our 
study, with AUROCs of 0.80 and 0.82, respectively, for 
each probe. Therefore, despite the recommendation to 
use XL probe in patients with BMI above 30 Kg/m2, we 
observed that, concerning fibrosis, the use of M probe 
even for obese patients when XL probe is not available 
would not impact on the accuracy of the results. In that 
study, the mean elastography results for M and XL probes 
were 8.4 kPa with M vs. 6.9 kPa with XL, very similar to 
what we found, 8.0 kPa with M probe and of 6.6 kPa with 
XL probe, even considering that in our study patients had 
a higher BMI compared to those included in the study by 
Friedrich-Rust et al. [19].

In our study, as previously mentioned, only four 
patients failed to perform transient elastography with M 
probe and were excluded. All the subjects obtained valid 
exams with XL probe. In the literature, four studies have 
reported the failure rates associated with the use of the 
M and the XL probes [25,36,38,39]. In a meta-analysis 
published in 2018 [40], the failure rate for LSM with the 
M probe was 10.1%. Comparing XL with the M probe, 
the first one had a lower risk of failure rate, as we found 
in our study.

This study has some limitations. Although it is a pop-
ulation with a high prevalence of steatosis, the prevalence 
of significant fibrosis or higher was low, this makes the 
definition of cutoff points for advanced liver fibrosis more 
fragile. In order to overcome this limitation, we chose to 
evaluate only the cutoff for significant fibrosis, which is 
usually linked to a progressive disease, needs intervention 
and a rigorous follow-up [37]. The absence of a group 
without steatosis is also a limitation because we could 
not perform the CAP analysis for detecting mild steatosis. 

However, the initial diagnosis of steatosis in the present 
study was performed by ultrasonography which sensi-
tivity to mild degrees of steatosis is smaller compared to 
moderate and severe liver steatosis. Additionally, it is pos-
sible that the diagnosis of mild steatosis would not have a 
significant prognostic impact in NAFLD patients because 
in general patients with mild steatosis are considered as 
having a benign disease. In conclusion, this study showed 
that even on a population of predominantly overweight/
obese patients with NAFLD both M and XL probes have 
shown good performances both for the diagnosis of mod-
erate/severe and severe steatosis and also for the diagnosis 
of significant fibrosis.
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