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Liver stiffness measurement (LSM) based on transient elastography (TE, FibroScan) is
gaining in popularity for noninvasive assessment of liver fibrosis. However, LSM has limi-
tations, which have not yet been thoroughly evaluated. We prospectively investigated the
frequency and determinants of LSM failure and unreliable results over a 5-year period, based
on 13,369 examinations (134,239 shots). LSM failure was defined as zero valid shots, and
unreliable examinations were defined as fewer than 10 valid shots, an interquartile range
(IQR)/LSM greater than 30%, or a success rate less than 60%. LSM failure occurred in 3.1%
of all examinations (4% at first examination [n � 7261]) and was independently associated
at first examination with body mass index (BMI) greater than 30 kg/m2 (odds ratio [OR],
7.5; 95% confidence interval [CI], 5.6-10.2; P � 0.0001), operator experience fewer than
500 examinations (OR 2.5 [1.6-4.0]; P � 0.0001); age greater than 52 years (OR 2.3
[1.6-3.2]; P � 0.0001), and type 2 diabetes (OR 1.6 [1.1-2.2]; P � 0.009). Unreliable results
were obtained in a further 15.8% of cases (17% at first examination) and were independently
associated at first examination with BMI greater than 30 kg/m2 (OR 3.3 [2.8-4.0]; P �
0.0001), operator experience fewer than 500 examinations (OR 3.1 [2.4-3.9]; P � 0.0001),
age greater than 52 years (OR 1.8 [1.6-2.1]; P � 0.0001), female sex (OR 1.4 [1.2-1.6], P �
0.0001), hypertension (OR 1.3 [1.1-1.5]; P � 0.003), and type 2 diabetes (OR 1.2 [1.0-1.5];
P � 0.05). When metabolic syndrome and waist circumference were taken into account in a
subgroup of 2835 patients, waist circumference was the most important determinant of LSM
failure and unreliable results. Conclusion: In our experience, liver stiffness measurements are
uninterpretable in nearly one in five cases. The principal reasons are obesity, particularly
increased waist circumference, and limited operator experience. These results emphasize the
need for adequate operator training and for technological improvements in specific patient
subpopulations. (HEPATOLOGY 2010;51:828-835.)

Transient elastography (TE) (FibroScan; Echosens,
Paris, France) is a novel noninvasive method for
measuring liver stiffness.1 Values range from 2.5

to 75 kPa,2 and values of approximately 5.5 kPa were

recently reported to define normality.3 Liver stiffness
measured by means of TE correlates with hepatic fibrosis
stages, both in chronic hepatitis C4,5 and in other chronic
liver diseases.6-14 The diagnostic accuracy of liver stiffness
measurement (LSM) is excellent for cirrhosis,15-17 and,
among noninvasive methods, TE appears to be the most
accurate for early detection of cirrhosis.18 Because TE is a
user-friendly technique that can be performed rapidly
(less than 5 minutes) at the bedside, with immediate re-
sults and high patient acceptance, it is likely to become an
important tool in clinical practice in the near future.19-22

However, TE has limitations: LSM results may be in-
fluenced by acute liver injury (as reflected by ALT flares),
with a risk of overestimating liver stiffness,6,23,24 and also
by extrahepatic cholestasis.25 In addition, LSM is difficult
in patients who are obese or who have narrow intercostal
spaces, and impossible in patients with ascites (in whom
the diagnosis of cirrhosis is obvious). The TE interpreta-
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tion software indicates whether each measurement (or
“shot”) is successful. When a shot is considered unsuccess-
ful, the machine provides no result. The entire LSM pro-
cedure is considered to have failed when no value is
obtained after 10 shots or more. The manufacturer rec-
ommends that successful measurements be validated by
using the following three criteria: (1) number of valid
shots at least 10; (2) success rate (SR: the ratio of valid
shots to the total number of shots) at least 60%; and (3)
interquartile range (IQR, reflecting the variability of mea-
surements) less than 30% of the median LSM value
(IQR/LSM �30%) (Fig. 1).

Here we prospectively investigated the frequency and
determinants of LSM failure and unreliable results in clin-
ical practice over a 5-year period, based on 13,369 exam-
inations (134,239 shots) and multivariate analysis.

Patients and Methods
Study Population

Between May 2003 and May 2008, all TE examina-
tions performed in adult patients with suspected chronic
liver disease were included. The following clinical and
biological parameters were recorded at the time of LSM:
age, sex, body mass index (BMI), waist circumference
(WC), hypertension (defined as ongoing antihypertensive
pharmacological treatment), type 2 diabetes (defined as
fasting serum glucose �5.6 mmol/L or ongoing antidia-
betic treatment [oral antidiabetic drug or insulin]), hyper-
lipidemia (defined as triglycerides levels �1.7 mmol/L or

ongoing treatment with low-density lipoprotein–lower-
ing drugs), indication for TE, operator experience in TE,
and serum aspartate aminotransferase, alanine amino-
transferase (ALT), and gamma-glutamyl transpeptidase
(GGT) levels.

Because triglycerides and WCs were not available for
all patients, the effect of metabolic syndrome was studied
specifically in a subgroup of patients (n � 2835 who
underwent 6221 examinations) in whom these data were
available. Metabolic syndrome was defined according to
the criteria proposed for the European population by the
International Diabetes Foundation26: central obesity
(WC �80 cm in women or �94 cm in men), plus any
two of the following conditions: hyperlipidemia, hyper-
tension, and type 2 diabetes.

The study protocol conformed to the ethical guidelines
of the 1975 Helsinski declaration, and patients were en-
rolled after giving their written informed consent.

Liver Stiffness Measurement and Definition of
Failure and Unreliable Results.

Measurements were made on the right lobe of the liver,
through the intercostal spaces, with the patient lying in
dorsal decubitus with the right arm in maximal abduc-
tion. The tip of the transducer probe was covered with
coupling gel and placed on the skin, between two ribs at
the level of the right lobe. The operator, assisted by a
time-motion ultrasound image, located a liver portion at
least 6 cm thick and free of large vascular structures. The
operator then pressed the probe button to begin the mea-
surements (“shots”). The patients were examined by a
total of seven operators during the study period, each of
whom performed more than 100 examinations.

LSM failure was recorded when no value was obtained
after at least 10 shots (valid shots � 0). The results were
considered unreliable in the following circumstances:
valid shots fewer than 10, SR less than 60%, or IQR/LSM
greater than 30% (Fig. 1).

Analysis of Factors Associated with LSM Failure
and Unreliable Results

In descriptive analyses, continuous variables were ex-
pressed as mean � standard deviation and categorical
variables as absolute figures and percentages. All statistical
analyses were performed with LSM failure or unreliable
results as the outcome, and with age, sex, BMI, hyperten-
sion, type 2 diabetes, indication for TE, operator experi-
ence for TE, aspartate aminotransferase, ALT, and GGT
as explanatory factors in the total number of examina-
tions. Because some patients underwent several examina-
tions during the 5-year study period, we also took into

Fig. 1. Manufacturer’s criteria for LSM interpretation.
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account the time of examination (first examination versus
others).

A subanalysis was performed in the subgroup of 2835
patients at the time of the first examination, also taking
into account as explanatory factors either the different
features of the metabolic syndrome (WC, type 2 diabetes,
hypertension, and hyperlipidemia) or metabolic syn-
drome (as previously defined) as a composite factor
(present versus absent).

The relationship between each factor and the outcome
was investigated by using univariate logistic regression,
P � 0.05 being considered to denote significant associa-
tions. Continuous variables such as age and TE operator
experience were dichotomized around the median (52
years and �500 examinations, respectively), unless a cut-
off was considered clinically relevant (BMI � 30 kg/m2,
aspartate aminotransferase � 3 � upper limit of normal
value [ULN], ALT � 3 � ULN, and GGT � 3 � ULN).

Factors significantly associated with the outcome in
univariate analyses were entered in a multivariate logistic
model. Odds ratios were estimated from the model and
are given with their 95% confidence intervals (CI). Sta-
tistical analyses were performed with SPSS software (Sta-
tistical Systems, Kayville, UT).

Results
Characteristics of the Study Population

A total of 14,056 examinations were performed, and
687 examinations were excluded because of missing data.
Thus, 13,369 examinations were analyzed (7261 patients,
134,239 shots). Some patients underwent several exami-
nations during the study period: one examination (n �
7261); two (n � 3041); three (n � 1626); four (n � 889),
and five (n � 552).

At the time of first liver stiffness measurement, mean
age was 51.7 � 13.7 years, 56.% of patients were males,
mean BMI was 24.8 � 4.7 kg/m2, 42.6% of patients were
overweight (BMI �25 kg/m2), 22.7% were hypertensive,
and 11.7% were diabetic. The median LSM value was 6.1
kPa (range, 2.5-75.0). The mean number of valid shots

per examination was 10.3 � 2.7, and the mean success
rate was 87.6% � 19.5%. The indications for TE were
chronic hepatitis C in 42.7% of cases; nonalcoholic fatty
liver disease (NAFLD) in 13.7%; alcoholic liver disease in
11.4%; chronic hepatitis B in 6.8%; and miscellaneous in
25.4%.

The characteristics of the subgroup of 2835 patients
analyzed for the effect of metabolic syndrome at the time
of first liver stiffness examination were as follows: mean
age, 51.9 � 13.9 years; male sex 55.6%; mean BMI
25.1 � 4.8 kg/m2; overweight (BMI �25 kg/m2) 45.3%;
mean WC 88.9 � 13.8 cm; hypertension 23.6%; type 2
diabetes 14.5%; metabolic syndrome 15.1%; median
LSM 5.8 kPa (range, 2.5-75.0); mean number of valid
shots per examination 10.2 � 2.5, and mean success rate
87.8% � 20.1%. Indications for TE were chronic hepa-
titis C 32.3%; NAFLD 14.8%; alcoholic liver disease
12.2%; chronic hepatitis B 7.1%; and miscellaneous
33.6%.

Frequency and Determinants of LSM Failure in the
Total Population

Overall, LSM failed in 420 cases (3.1%). LSM failed in
respectively 4%, 2.4%, 2.2%, 1.2% and 1.2% of patients
who underwent one, two, three, four, and five examina-
tions (P � 0.0001).

Factors associated with LSM failure in univariate and
multivariate analyses are shown in Table 1. When taking
into account only the 7261 patients at the time of first
examination, LSM failure was independently associated
with the following factors: BMI greater than 30 kg/m2

(OR 7.5, 95% CI 5.6-10.2; P � 0.0001), operator expe-
rience fewer than 500 examinations (OR 2.5, 95% CI
1.6-4.0; P � 0.0001); age greater than 52 years (OR 2.3,
95% CI 1.6-3.2; P � 0.0001), and type 2 diabetes (OR
1.6, 95% CI 1.1-2.2; P � 0.009).

The LSM failure rate ranged from 1.0% in patients
with BMI less than 25 kg/m2 to 41.7% in patients with
BMI �40 kg/m2 (Fig. 2A) and was not influenced by sex
(Fig. 2B).

Table 1. Factors Associated with LSM Failure in Univariate and Multivariate Analyses

Parameter

Univariate Multivariate

OR 95% CI P OR 95% CI P

BMI (�30 kg/m2) 10.5 8.6–12.8 0.0001 8.4 6.6–10.8 0.0001
Operator experience (�500 versus �500 examinations) 2.8 2.1–3.6 0.0001 2.6 1.8–3.9 0.0001
Age (�52 years) 3.5 2.7–4.4 0.0001 2.2 1.6–2.9 0.0001
Type 2 diabetes (yes versus no) 4.0 3.3–5.0 0.0001 2.0 1.5–2.6 0.0001
Hypertension (yes versus no) 3.1 2.5–3.9 0.0001
Time of examination (first versus others) 2.0 1.6–2.4 0.0001 1.5 1.2–2.0 0.0001
GGT (�3� ULN) 1.5 1.2–1.8 0.001

n � 13,369 examinations.
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The failure rate was 8.3% when the operator had per-
formed fewer than 500 examinations and 3.5% when the
operator had performed more than 500 examinations
(P � 0.0001).

The LSM failure rate ranged from 0.2% in lean young
nondiabetic patients (age �52 years and BMI �25 kg/
m2; n � 2439) to 20.9% in elderly obese diabetic patients
(age �52 years and BMI �30 kg/m2; n � 201).

Relationship Between LSM Failure and Metabolic
Syndrome

LSM failure was observed in 2.6% of cases (2835 pa-
tients at the time of first examination). Factors associated
with LSM failure in univariate and multivariate analyses
when features of the metabolic syndrome were introduced
in the model are shown in Table 2. When metabolic syn-
drome was introduced in the multivariate model as a com-
posite factor, LSM failure was independently associated
with age greater than 52 years (OR 2.5, 95% CI 1.4-4.4;
P � 0.002), GGT greater than 3 � ULN (OR 2.2, 95%
CI 1.3-3.6; P � 0.002), female sex (OR 2.1, 95% CI
1.3-3.5; P � 0.002), and metabolic syndrome (OR 2.1,
95% CI 1.3-3.6; P � 0.004).

Frequency and Determinants of Unreliable LSM
Results in the Total Population

Among the 12,949 examinations in which LSM did
not fail, fewer than 10 valid shots were obtained in 404
cases (3.1%), SR less than 60% in 1055 cases (8.1%), and
IQR/LSM greater than 30% in 1189 cases (9.2%). When
the three criteria were combined (valid shots �10, SR
�60%, or IQR/LSM �30%), unreliable results were ob-
tained in a total of 2046 cases (15.8%).

Unreliable LSM results were observed in, respectively,
17%, 15.2%, 14.5%, 14.3%, and 9.6% of patients who
underwent one, two, three, four, and five examinations
(P � 0.0001).

Factors associated with unreliable LSM results (valid
shots �10, SR �60%, or IQR/LSM �30%) in univari-
ate and multivariate analyses are shown in Table 3.

Factors associated with each of the three criteria defin-
ing unreliable results are analyzed separately.

Fewer than 10 valid shots were independently associ-
ated with BMI greater than 30 kg/m2 (OR 5.0, 95% CI
3.9-6.2; P � 0.0001), age older than 52 years (OR 1.7,
95% CI 1.4-2.2; P � 0.0001), and hypertension (OR
1.5, 95% CI 1.2-1.9; P � 0.001).

Fig. 2. (A) Liver stiffness measurement failure rates according to BMI
in the 7261 patients at the time of the first examination. (B) Liver
stiffness measurement failure rates according to BMI and sex in the 7261
patients at the time of the first examination.

Table 2. Relationship Between LSM Failure and Features of the Metabolic Syndrome in Univariate and Multivariate
Analyses

Parameter

Univariate Multivariate

OR 95% CI P OR 95% CI P

WC (�80 cm in women or �94 cm in men) 25.0 7.8–79.3 0.0001 16.3 5.0–52.8 0.0001
Hypertension (yes versus no) 3.5 2.2–5.5 0.0001
Age (�52 years) 3.5 2.0–5.9 0.0001
Type 2 diabetes (yes versus no) 2.7 1.6–4.5 0.0001
GGT (�3� ULN) 2.2 1.4–3.7 0.001 2.0 1.2–3.4 0.007
Female sex 2.1 1.3–3.5 0.002 1.9 1.1–3.0 0.01

n � 2835 examinations.
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SR less than 60% was independently associated with
BMI greater than 30 kg/m2 (OR 5.5, 95% CI 4.7-6.4;
P � 0.0001), age older than 52 years (OR 2.3, 95% CI
2.0-2.7; P � 0.0001), operator experience fewer than 500
examinations (OR 2.1, 95% CI 1.6-2.8; P � 0.0001),
type 2 diabetes (OR 1.4, 95% CI 1.1-1.7; P � 0.001),
hypertension (OR 1.4, 95% CI 1.2-1.7; P � 0.0001),
and female sex (OR 1.2, 95% CI 1.1-1.7, P � 0.004).

IQR/LSM greater than 30% was independently asso-
ciated with operator experience fewer than 500 examina-
tions (OR 3.7, 95% CI 3.1-4.6; P � 0.0001), age older
than 52 years (OR 1.6, 95% CI 1.4-1.8; P � 0.0001),
BMI greater than 30 kg/m2 (OR 1.5, 95% CI 1.2-1.8;
P � 0.0001), and first examination (OR 1.1, 95% CI
1.0-1.3; P � 0.04).

When taking into account only the 6968 patients
without failure at the time of first examination, unreliable
LSM results were independently associated with: BMI
greater than 30 kg/m2 (OR 3.3, 95% CI 2.8-4.0; P �
0.0001), operator experience fewer than 500 examina-
tions (OR 3.1, 95% CI 2.4-3.9; P � 0.0001), age older
than 52 years (OR 1.8, 95% CI 1.6-2.1; P � 0.0001),
female sex (OR 1.4, 95% CI (1.2-1.6; P � 0.0001), hy-
pertension (OR 1.3, 95% CI 1.1-1.5; P � 0.003), and
type 2 diabetes (OR 1.2, 95% CI 1.0-1.5; P � 0.05).

Overall, unreliable results were obtained in 30.5% of
cases when the operator had performed fewer than 500
examinations and in 15.6% of cases when the operator
had performed more than 500 examinations (P �
0.0001).

Unreliable LSM results ranged from 12.0% in patients
without failure and BMI less than 25 kg/m2 to 53.6% in
patients with BMI greater than 40 kg/m2 (Fig. 3A). For a
given BMI, unreliable LSM results were significantly
more frequent in women than in men (for example,
BMI � 30 kg/m2: 41.4% and 30.5%, respectively, P �
0.0001; Fig. 3B).

Finally, the frequency of unreliable LSM results ranged
from 7.2% in lean young men (age �52 years, BMI �25

kg/m2, no diabetes or hypertension; n � 1157) to 60.4%
in elderly obese diabetic and hypertense women (age �52
years, BMI �30 kg/m2, diabetes and hypertension; n �
62).

Relationship Between Unreliable LSM Results and
Metabolic Syndrome

Unreliable LSM results were observed in 15.3% of
cases (2760 patients without failure at the time of first

Table 3. Factors Associated with Unreliable LSM Results in Univariate and Multivariate Analyses

Parameter

Univariate

Parameter

Multivariate

OR 95% CI P OR 95% CI P

Operator experience (�500 versus �500 examinations) 2.7 2.3–3.1 0.0001 3.3 2.7–4.0 0.0001
BMI (�30 kg/m2) 3.2 2.8–3.6 0.0001 3.1 2.7–3.6 0.0001
Age (�52 years) 2.0 1.8–2.2 0.0001 1.8 1.6–2.0 0.0001
Type 2 diabetes (yes versus no) 1.7 1.5–2.0 0.0001 1.2 1.0–1.4 0.02
Hypertension (yes versus no) 1.9 1.7–2.1 0.0001 1.2 1.1–1.4 0.003
Female sex 1.3 1.1–1.4 0.0001 1.2 1.1–1.3 0.004
Time of examination (first versus others) 1.2 1.1–1.3 0.0001 1.1 1.0–1.2 0.048
ALT (�3� ULN) 0.8 0.7–0.9 0.007 0.8 0.7–0.9 0.042

Valid shots �10, SR �60%, or IQR/LSM �30%.
n � 12949 examinations.

Fig. 3. (A) Rate of unreliable results according to BMI in the 6968
patients without LSM failure at the time of the first examination. (B) Rate
of unreliable results according to BMI and sex in the 6968 patients
without LSM failure at the time of the first examination.
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examination). Factors associated in univariate and multi-
variate analyses with unreliable LSM results when features
of the metabolic syndrome were introduced in the model
are shown in Table 4.

When metabolic syndrome was introduced in the
model as a composite factor, unreliable LSM results were
independently associated with metabolic syndrome (OR
2.2, 95% CI 1.7-2.8; P � 0.0001), operator experience
fewer than 500 examination (OR 2.2, 95% CI 1.4-3.5;
P � 0.001), age older than 52 years (OR 1.8, 95% CI
1.4-2.3; P � 0.0001), and female sex (OR 1.4, 95% CI
1.1-1.7; P � 0.003).

Discussion
In this prospective 5-year study based on more than

13,000 examinations, LSM results were not interpretable
in 18.4% (2466 of 13,369) of cases. Among the three
criteria recommended by the manufacturer to define reli-
able results, failure to comply with IQR/LSM �30% was
the most frequent reason for unreliable results (9.2%),
closely followed by SR �60% (8.1%) and valid shots
�10 (3.1%), respectively. When these three criteria were
combined, 15.8% of examinations were uninterpretable.
Failure, defined as zero valid shots, was observed in a
further 3.1% of cases.

This failure rate is slightly lower than the one we ob-
tained in a previous study (4.5% of 2114 examinations).27

However, a significant decrease in the failure rate was
observed over time in patients who underwent several
examinations (4.0% versus 1.2% at the 1st and 5th exam-
inations, respectively, P � 0.0001). These results suggest
that this improvement might be related to greater opera-
tor experience, although we cannot rule out the possibility
that patients at high risk of LSM failure, and especially
those with a high BMI, tended to be spontaneously ex-
cluded from TE examination over time. It is noteworthy,
however, that the mean BMI was nearly identical in the
two studies (24.8 � 4.7 and 24.4 � 4.4).

Similarly, the rate of unreliable LSM results signifi-
cantly decreased over time in patients who underwent
several examinations (17.0% versus 9.6% at the 1st and 5th

examinations, respectively, P � 0.0001), suggesting again
the role of operator experience. When taking into account
only the first examinations, limited operator experience
and obesity were the principal reasons for LSM failure and
unreliable results. It should be stressed that the threshold
we used to define operator experience (�500 examina-
tions) is higher than previously reported (�100 examina-
tions) because the current study is based on a very large
number of examinations with highly experienced opera-
tors (each of them having performed at least 100 exami-
nations).

The importance of operator experience challenges
claims28,29 that LSM requires no learning curve and that a
novice can consistently obtain reliable results after a
short training period of approximately 50 examinations.
However, these claims were based on a small number of
examinations and did not take the manufacturer’s recom-
mendations into consideration. For instance, a success
rate of 30% was considered satisfactory in one study28 and
more than five valid shots in the other,29 whereas the
IQR/LSM less than 30% criterion was not taken into
account in either study.28,29 However, we found that op-
erator experience influenced not only the success rate, as
previously reported,28,29 but also the IQR/LSM ratio,
which was recently shown to be critical for LSM accura-
cy.30 Our findings therefore emphasize the need for ade-
quate LSM operator training.

Obesity (BMI �30 kg/m2) was another important de-
terminant of LSM failure and unreliable results. For in-
stance, LSM failure rate ranged from 1% in patients with
BMI less than 25 to 41.7% in patients with BMI 40 or
higher (Fig. 2A). This influence of BMI might partly
account for the wide range of LSM failure rates (2.4%-
9.4%) reported in the literature.2 Similarly, unreliable
LSM results rate ranged from 12% in patients with BMI

Table 4. Relationship Between Unreliable LSM Results and Features of the Metabolic Syndrome in Univariate and
Multivariate Analyses

Parameter

Univariate Multivariate

OR 95% CI P OR 95% CI P

WC (’80 cm in women or �94 cm in men) 3.9 3.0–4.8 0.0001 3.0 2.3–3.9 0.0001
Operator experience (�500 versus �500 examinations) 2.4 1.6–3.7 0.0001 2.5 1.6–4.0 0.0001
Type 2 diabetes (yes versus no) 2.0 1.6–2.5 0.0001
Hypertension (yes versus no) 2.1 1.7–2.7 0.0001
Hyperlipidemia (yes versus no) 1.5 1.2–1.9 0.0001
Age (�52 years) 2.3 1.8–2.8 0.0001 1.5 1.1–1.9 0.002
Female sex 1.4 1.2–1.8 0.001 1.3 1.0–1.6 0.03

n � 2760 examinations.
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less than 25 to 53.6% in patients with BMI 40 or higher
(Fig. 3A).

Apart from obesity, other patient characteristics such
as age, female sex, type 2 diabetes, hypertension, and ALT
levels influenced LSM reliability. The influence of age and
BMI has already been observed in several studies,28,29,31

but the influence of sex, type 2 diabetes, hypertension,
and ALT is a new finding. The absence of flare (ALT
�3 � ULN) was associated with less unreliable LSM
results. We have no clear explanation for this finding;
however, when taking into account only the first exami-
nations, ALT was no longer a determinant of unreliable
results, whereas female sex, type 2 diabetes, and hyperten-
sion remained determinants of reliability. Type 2 diabetes
and hypertension are, with obesity (defined according to
waist circumference and sex) and hyperlipidemia, features
of the metabolic syndrome.26 Interestingly, when meta-
bolic syndrome was specifically studied as a composite
factor in a subgroup of patients, it was independently
associated with both LSM failure and reliability. How-
ever, when the different features of metabolic syndrome
were introduced in the model, waist circumference was
the most important determinant of LSM failure (Table 2)
and reliability (Table 4). Although we need to be cautious
because waist circumference was not available in the total
population, this is obviously an important and novel find-
ing of the current study. It is consistent with the fact that
in patients with large waist circumference, the subcutane-
ous and prehepatic fat thickness is increased, attenuating
both elastic waves and ultrasound and making LSM un-
reliable or impossible with a regular TE probe that is
calibrated for a given distance between the liver and the
chest wall. TE probes specifically designed for obese pa-
tients should soon be available.

Our findings also may have important implications for
current and future applications of TE. Indeed, the in-
creasing prevalence of obesity, insulin resistance, and the
metabolic syndrome is changing the face of chronic liver
disease; in particular, nearly one third of American adults
now have NAFLD.32 Two TE studies have given prom-
ising preliminary results for the prediction of fibrosis
stages in patients with NAFLD,11,12 but this application
may be limited by obesity. The LSM failure rates were
quite low in these two studies (5% and 4%, respectively),
and similar to those reported elsewhere in patients with-
out NAFLD,27 but these studies involved Japanese pa-
tients12 and children11 with low mean BMI values
(26.6 � 4.2 and 26 � 4, respectively). In addition, the
study populations were small (97 and 52 subjects, respec-
tively). LSM accuracy and failure rates need to be studied
more closely in western adults with NAFLD, but it is

already clear that probe refinements will be needed for
stiffness measurement in this population.33

In conclusion, this study emphasizes the need for rig-
orous scientific evaluation of all novel procedures such as
TE before their widespread uptake. Indeed, our results,
based on a very large study population, show that LSM are
uninterpretable in nearly one in five cases. Obesity, par-
ticularly increased waist circumference, as well as limited
operator experience, are the main determinants of LSM
failure or unreliable results. As TE is becoming an increas-
ingly popular technique, we believe that such a message is
important in routine clinical practice for physicians man-
aging patients with liver diseases and that they should be
aware of the pitfalls of LSM. Although TE has been
shown to be a reproducible technique,31 efforts should be
made to further standardize its practice. Our findings em-
phasize the importance of adequate operator training and
the need to follow the manufacturer’s recommendations
for interpreting LSM results, particularly in obese pa-
tients. Further technological refinements are required for
specific populations.
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