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Liver cirrhosis is the 11th leading cause of death world-
wide, with an estimated one million deaths annually due to
complications of cirrhosis.! Since the progression to cirrhosis
is often asymptomatic, it is critical to screen individuals at
risk of progressive fibrosis to prevent the development of
cirrhosis in the general population. Vibration-controlled tran-
sient elastography (VCTE), which measures liver stiffness by
analyzing the speed of shear waves, is increasingly used as a
non-invasive tool to screen for advanced liver fibrosis. It has
demonstrated excellent performance compared to liver bi-
opsy.2:3 However, ensuring a high success rate for the meas-
urements is particularly important, especially in the context
of large-scale screening. While a high success rate of liver
stiffness measurement (LSM) by VCTE has been reported in
patients with metabolic-associated steatotic liver disease,*
limited data is available on its application in the general pop-
ulation. In this study, we aimed to analyze the failure rate of
LSM by VCTE and explore the factors associated with failure
in a U.S. general population.

Data were derived from the 2017-2020 National Health
and Nutrition Examination Survey (NHANES), including a
total of 7,096 participants over the age of 20 who under-
went VCTE examinations performed by experienced NHANES
health technicians. Unsuccessful tests or test failures were
defined as cases where participants had fewer than 10 val-
id measurements within the given time or had a liver stiff-
ness interquartile range (IQR)/median (M) ratio over 30%.
Participants with 10 or more valid stiffness measurements,
fasting for over 3 h, and an IQR/M ratio <30% were consid-
ered to have successfully completed the VCTE exam. Socio-

*Correspondence to: Yu Shi and Yida Yang, The State Key Laboratory for
Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital of
School of Medicine, Zhejiang University, Qing Chun Road, No.79, Hangzhou,
Zhejiang 310006, China. ORCID: https://orcid.org/0000-0002-9392-7176 (YS)
and https://orcid.org/0000-0002-9673-0969 (YY). Tel: +86-571-87236579,
Fax: +86-571-87236755, E-mail: zjushiyu@zju.edu.cn (YS) and yidayang65@
zju.edu.cn (YY).

demographic characteristics and liver-related variables were
collected, including age (divided into quantiles: <36, 36-52,
52-64, >64), sex (male, female), body mass index (BMI,
normal: <25 kg/m2, overweight: 25-30 kg/m?, obese: =30
kg/m?2), race (Mexican American or other Hispanic, Non-His-
panic White, Non-Hispanic Black, Other), poverty income ra-
tio (<1.3, 1.3-3.5, =3.5, missing), education level (less than
high school, high school graduate, college or above), alanine
transferase (U/L), aspartate transferase (U/L), total bilirubin
(mg/dL), albumin (g/dL), platelet count (x10°/L), Fibrosis-4
index (FIB-4, risk of fibrosis: low (FIB-4 < 1.3, FIB-4 < 2 for
age = 65 years), indeterminate risk (FIB-4 between 1.3 and
2.67, FIB-4 between 2 and 2.67 for age = 65 years), and
high risk (FIB-4 > 2.67)), diabetes status, and the type of
probes (medium, extra-large). Statistical analysis was con-
ducted based on the complex sampling design of NHANES,
using the sampling weights from the mobile exam center visit
(WTMECPRP). Participant characteristics were presented as
medians (Q1, Q4) or as numbers and proportions. Compari-
sons were made between participants with successful and un-
successful VCTE exams, and the prevalence of unsuccessful
tests was analyzed across different subgroups. Multivariable
logistic regression models were utilized to explore factors as-
sociated with test failure. To avoid multicollinearity between
independent variables, the variance inflation factor (VIF) was
calculated, with VIF > 5 indicating collinearity in the regres-
sion model. Detailed information about the VCTE test and
methodology is provided in the Supplementary File 1.

Among the 7,096 participants who underwent exams,
279 failed LSM, accounting for 3.37% of the U.S. popula-
tion. A significantly higher rate of unsuccessful tests was
observed in older individuals (age = 64: 4.55%), those
with obesity (5.86%) or diabetes (5.33%), and individu-
als tested with the extra-large (XL)-probe (8.86%) (Fig.
1A). Consistent with the failure rate, those with unsuc-
cessful tests were older (median age: 48.00 vs 55.00; p
= 0.008), had a higher BMI (median BMI: 28.50 kg/m?2 vs
35.20 kg/m?; p < 0.001), lower albumin levels (median al-
bumin: 4.10 g/dL vs 4.00 g/dL; p = 0.004), a higher preva-
lence of diabetes (14.06% vs 22.66%; p = 0.008), and
more frequent use of the XL-probe (26.20% vs 72.98%;
p < 0.001), compared to participants with successful tests
(Supplementary Table 1).

Multicollinearity was not observed in the multivariate

Copyright: © 2024 The Author(s). This article has been published under the terms of Creative Commons Attribution-Noncommercial 4.0 International License
(CC BY-NC 4.0), which permits noncommercial unrestricted use, distribution, and reproduction in any medium, provided that the following statement is provided.
“This article has been published in Journal of Clinical and Translational Hepatology at https://doi.org/10.14218/1JCTH.2024.00261 and can also be viewed
on the Journal’s website at http://www.jcthnet.com”.


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://crossmark.crossref.org/dialog/?doi=10.14218/JCTH.2024.00261&domain=pdf&date_stamp=2024-11-04
https://doi.org/10.14218/JCTH.2024.00261
https://orcid.org/0000-0002-9673-0969
https://orcid.org/0000-0002-9392-7176
https://orcid.org/0000-0002-9392-7176
https://orcid.org/0000-0002-9673-0969
mailto:zjushiyu@zju.edu.cn
mailto:yidayang65@zju.edu.cn
mailto:yidayang65@zju.edu.cn

A Failure rate in total

*Age (years) < 36
Age (years) : 36-52
Age (years) : 52-64

Age (years) 2 64

Male
Female

Mexican or other Hispanic
Non-Hispanic White
Non-Hispanic Black

Other

*+BM| < 25kg/m?
BMI : 25-30kg/m*
BMI 2 30kg/m?

**With diabetes
Without diabetes

ALT < 30U/L
ALT > 30U/L

AST <30U/L
AST > 30U/L

FIB-4<1.3
FIB-4:1.3-2.67
FIB-4>2.67

***Medium probes

279 (3.37%)

— 33 (1.61%)

64 (3.71%)
79 (4.09%)
103 (4.55%)

I 140 (3.17%)
139 (3.57%)

I 29 (2.25%)

— 30 (1.24%)
— 54 (1.83%)

195 (5.86%)

85 (5.33%)
S 194 (3.05%)

237 (3.37%)
42 (3.41%)

250 (3.35%)
29 (3.56%)

219 (3.40%)
—— 48 (3.00%)

12 (4.73%)

— G5 (1.26%)

Zhou R. et al: The failure rate of VCTE in the U.S.

B Characteristic OR(95%Cl) ___p-value

Extra-large probes

0.00 1.00 2.00 3.00 5.00 6.00 7.00

Per‘de”gt(%)

Age (years) 1.03(1.01,1.04)  0.009 $
BMI(kg/m?) 1.07(1.03, 1.10) 0.002 >
Albumin(g/dL) 1.24(0.51, 2.99) 0.592 Heo——
Total Bilirubin(mg/dL) 0.68(0.36, 1.27) 0.191 o
Sex
Female ref
Male 1.06(0.68,1.65) 0.762 ) &l
Race
Mexican or other Hispanic ref
Non-Hispanic White 0.98(0.59, 1.64) 0.934 o
Non-Hispanic Black 0.92(0.57, 1.48) 0.681 L !
Other 0.81(0.31, 2.11) 0.633 o
Education level
Less than high school ref
High school graduate 1.02(0.55, 1.90) 0.930 +o—i
College or equivalent 1.32(0.93,1.88)  0.101 (-
Poverty income ratio
<13 ref
1.3~3.5 1.15(0.63, 2.11) 0.596 i
235 0.92(0.53,1.57)  0.719 Rl
Missing 1.28(0.65,2.50)  0.420 He—
Diabetes
No ref
Yes 0.81(0.48,1.36)  0.372 -
FIB-4
<13 ref
1.3-2.67 0.83(0.48, 1.44) 0.461 L =l
>2.67 1.10(0.44, 2.74) 0.813 ——
Type of probes

211 (8.86%) Medium ref
Extra-large 4.05(2.09, 7.87) 0.001 ————

9.00 10.00 T LI N |

012 3 456 7 8
Odds ratio and 95% Confidence Interval

Fig. 1. Prevalence of unsuccessful LSM tests and relevant factors. (A) Prevalence of unsuccessful LSM tests in the total population and subgroups. The bar plot
presents the percentage of unsuccessful LSM tests in the total population and subgroups. The number of unsuccessful tests and the percentage are listed on the right
side of the columns. The number is unweighted, while the percentage is weighted according to the analytic guidance of the National Health and Nutrition Examination
Survey. Significant differences in the prevalence of unsuccessful tests were observed among subgroups based on age, BMI, diabetes, and type of exam probes. *p <
0.05; **p < 0.01; ***p < 0.001. (B) Factors associated with VCTE failure. The multivariable logistic model was adjusted for age, sex, BMI, race, poverty income ratio,
education level, diabetes, total bilirubin, albumin, FIB-4, and type of probes. ALT, alanine transferase; AST, aspartate transferase; BMI, body mass index; CI, confidence

interval; FIB-4, Fibrosis-4 index; OR, odds ratio; LSM, liver stiffness measurement.

model, with VIF < 5 for all variables. Age (odds ratio [OR]
[per 1-year increase] = 1.03, 95% confidence interval [CI]:
1.01-1.04, p = 0.009) and BMI (OR [per 1 kg/m? increase]
= 1.07, 95% CI: 1.03-1.10, p = 0.002) were identified as
independent factors associated with unsuccessful tests (Fig.
1B). Additionally, the use of the XL-probe was significantly
associated with an increased likelihood of test failure in the
total population (OR = 4.05, 95% CI: 2.09-7.87, p = 0.001)
and across BMI categories. No interactions were observed
between probe type and subgroups of age (p for interaction
= 0.572) or BMI (p for interaction = 0.166) (Supplementary
Table 2).

In a nationally representative cohort of the U.S. popula-
tion, the rate of unsuccessful LSM measured by VCTE was
generally low (3.37%). A previous study reported a higher
failure rate of 15.8%, primarily due to an IQR/LSM ratio
greater than 30%.5 However, that study was conducted in
a population with a high likelihood of chronic liver diseases,
potentially overestimating the failure rate for the general
population. Notably, the FibroScan device has been updated
since its initial implementation, and the latest machine was
used in this study, which facilitated faster and more success-
ful testing.®

Our study observed a higher likelihood of test failure in
obese individuals. Obesity is widely recognized as a con-
founder of LSM tests, as adipose tissue interferes with Fi-
broScan waves, though the utilization of the XL-probe has
improved LSM accuracy in obese individuals.”8 We found
a significantly higher failure rate (8.86%) in the XL-probe
group. However, this finding should be interpreted with cau-
tion, as there was no direct comparison between the M and
XL probes. The XL-probe is often used as a rescue test when
the M-probe fails to produce a valid measurement.® In a
study comparing the M and XL probes in patients suspected
of having chronic liver diseases, the XL-probe resulted in
approximately 15% unsuccessful LSM tests, slightly higher

than the 11.9% with the M-probe. However, the XL-probe
rescue test resulted in 11 successful measurements out of
24 tests that failed with the M-probe.® Although diabetes was
not identified as an independent factor related to test failure
in our study, a higher failure rate of LSM was observed in
participants with diabetes, which warrants further investiga-
tion. Additionally, operator expertise should be considered,
as it has been independently associated with test failure in
previous studies.>

VCTE for estimating LSM has a low failure rate when de-
ployed in the U.S. general population, though special atten-
tion should be given to elderly and obese individuals.
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