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Abstract

Background and Aims: Vibration-controlled transient
elastography (VCTE) is a noninvasive tool that uses liv-
er stiffness measurement (LSM) to assess fibrosis. Since
real-life data during everyday clinical practice in the USA
are lacking, we describe the patterns of use and diagnostic
performance of VCTE in patients at an academic medical
center in New York City. Methods: Patients who received
VCTE scans were included if liver biopsy was performed
within 1 year. Diagnostic performance of VCTE in differen-
tiating dichotomized fibrosis stages was assessed via area
under the receiver operating characteristics (AUROC). Fi-
brosis stage determined from VCTE LSM was compared to
liver biopsy. Results: Of 109 patients, 49 had nonalcoholic
fatty liver disease, 16 chronic hepatitis C, 15 congestive
hepatopathy, and 22 at least two etiologies. AUROC was
0.90 for differentiating cirrhosis (stage 4) with a positive
predictive value (PPV) range of 0.28 to 0.45 and negative
predictive value range of 0.96 to 0.98. For 31 (32%) pa-
tients, VCTE fibrosis stage was at least two stages higher
than liver biopsy fibrosis stage. Thirteen of thirty-five pa-
tients considered to have cirrhosis by VCTE had stage 0
to 2 and 12 stage 3 fibrosis on liver biopsy. Conclusions:
VCTE has reasonable diagnostic accuracy and is reliable
at ruling out cirrhosis. However, because of its low PPV,
caution must be exercised when used to diagnose cirrho-
sis, as misdiagnosis can lead to unnecessary health care
interventions. In routine practice, VTCE is also sometimes
performed for disease etiologies for which it has not been
robustly validated.
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Introduction

Chronic liver disease (CLD) is a major public health burden
in the USA. In 2017, more than 41,000 Americans died from
CLD, making it the fifth leading cause of mortality for ages
40 to 59 years and eleventh leading cause overall.! Regard-
less of etiology, it is important to obtain an accurate assess-
ment of CLD severity for clinical management. Staging of
liver fibrosis helps predict a patient’s risk of progression to
cirrhosis and its complications, determine potential thera-
peutic and surveillance options, and evaluate eligibility for
clinical trials.2:3 Diagnosis and staging of mild to moderate
fibrosis allow for appropriate risk stratification and delivery
of care to high-risk individuals to attempt to prevent further
progression.* A diagnosis of cirrhosis initiates biannual ra-
diological imaging and blood tests for serum alpha-fetopro-
tein to screen for hepatocellular carcinoma, as well as upper
endoscopy to screen for esophageal varices.

Liver biopsy is the gold standard for fibrosis staging as well
as evaluation of inflammation and providing critical diag-
nostic information.> However, the procedure has limitations,
including invasiveness, sampling error, intra-/inter-observer
variability, potential complications such as bleeding, and
cost.® Therefore, noninvasive methods of assessing liver fi-
brosis have been developed.” Vibration-controlled transient
elastography (VCTE) is an ultrasound-based test that poten-
tially offers a safe and rapid point-of-care solution.” A shear
wave is generated across the liver using a transducer probe;
the velocity of its propagation is measured and converted
to a liver stiffness measurement (LSM), which is used as a
marker of fibrosis.®7 VCTE has been extensively studied in
several CLD etiologies and evidence best supports its use in
ruling out cirrhosis via validated LSM thresholds for patients
with chronic viral hepatitis, as well as, to a lesser extent,
alcoholic liver disease.*8 Recent literature and guidelines
also support the use of VCTE in identifying advanced liver
fibrosis and cirrhosis in patients with nonalcoholic fatty liver
disease (NAFLD).°-13 However, there are major limitations
in its application, including lack of defined LSM thresholds
for cirrhosis and increased LSM in patients with a body
mass index (BMI) =30 kg/m?2 regardless of type of probe
used.1415 Currently, there is no compelling evidence for the
use of VCTE in CLD of other etiologies.®

VCTE has gained significant popularity in Europe since
its introduction almost two decades ago, establishing itself
as the noninvasive standard for liver fibrosis assessment.16
Clinical practice guidelines issued by the European Associa-
tion for the Study of the Liver recommend cirrhosis screen-
ing via VCTE for all patients with chronic hepatitis C.8 VCTE
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is also approved in parts of Asia, and the China Foundation
for Hepatitis Prevention and Control provided recommen-
dations for its use in 2012.17 In comparison, adoption of
VCTE has been slower in the USA, with a later regulatory
approval in 2013.16 Since then, several USA-based studies
have been published, with most focusing on validating the
diagnostic performance of VCTE in prospective longitudi-
nal cohorts where patients with one or two CLD etiologies
were selected based on a series of inclusion and exclusion
criteria.13:18-20 However, there has been limited published
data describing the use of VCTE by clinicians during regular,
everyday clinical operations in real-life patient populations
in the USA. To bridge this gap, we conducted this retro-
spective study at a single academic tertiary care medical
center in the USA. The aims were to characterize the cent-
er’s experience in utilizing VCTE during its early years of
adoption and assess diagnostic accuracy using liver biopsy
as comparison.

Methods

Study population

This was a retrospective study conducted at Columbia Uni-
versity Irving Medical Center in New York City. We included
adult Liver Clinic and Liver Transplant Clinic patients who
underwent VCTE between February 2016 and April 2018.
Attending hepatologists or gastroenterology fellows, super-
vised by attendings, followed these patients for a wide range
of conditions, including diagnostic workup of abnormal liver
blood tests, longitudinal care of CLD, and pre-transplant
evaluations. Patients were included if they received a liver
biopsy within 1 year of a VCTE scan and before April 2018.
The 1-year interval threshold was chosen due to the mini-
mal progression of liver fibrosis for CLD etiologies, including
the three most prevalent ones in this study, during that time
period.21-23 In cases where multiple VCTEs and/or liver bi-
opsies were performed during the study period, one pair of
data was chosen by minimizing the duration between scan
and biopsy while also taking completeness of each study
into consideration. The Columbia University Institutional
Review Board approved the protocol with a waiver of in-
formed consent. For liver transplant recipients included in
this study, no donor organs were obtained from executed
prisoners or other institutionalized persons.

Clinical data collection

We reviewed electronic medical records to obtain the fol-
lowing parameters at the time of VCTE: age, sex, race,
ethnicity, comorbidities (history of type II diabetes melli-
tus, hypertension, dyslipidemia), and history of smoking or
heavy alcohol use. Smoking was defined by any current or
past use of cigarettes, and heavy alcohol use by consump-
tion greater than moderate as defined by 2015-2020 Di-
etary Guidelines for Americans.?* Weight, BMI, serum total
bilirubin concentration, serum aspartate aminotransferase,
alanine aminotransferase, and alkaline phosphatase activi-
ties, international normalized ratio, serum creatinine con-
centration and platelet count closest to the date of VCTE
were recorded. Aspartate aminotransferase to platelet ra-
tio index fibrosis-4 index were calculated as described.25:26
CLD etiology for each patient was determined by a review
of diagnoses rendered by an attending liver pathologist in
the liver biopsy report and the judgement of clinicians as
documented in records. Multiple diagnoses per patient and
nonspecific diagnosis are possible.
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Liver histology

Liver biopsies were performed by either percutaneous or
transjugular approaches for a range of indications as de-
termined by the patient’s physician. An attending liver
pathologist interpreted each liver biopsy as per regular
clinical operation, providing diagnoses and fibrosis assess-
ment in each pathology report. Some liver biopsies were
performed at outside institutions and re-interpreted by a
liver pathologist at Columbia University. Tissue sections
from all biopsies were stained with Masson’s trichrome to
assess fibrosis. Three distinct fibrosis staging systems were
utilized. In patients with congestive hepatopathy, isolated
perivenular fibrosis, extensive perivenular fibrosis, bridg-
ing fibrosis, and cirrhosis represent stage 1 through stage
4 fibrosis respectively.2” For NAFLD patients, perisinusoidal
or periportal fibrosis signifies stage 1, perisinusoidal and
periportal fibrosis represent stage 2, while bridging fibrosis
and cirrhosis represent stage 3 and stage 4.28 The staging
system for chronic viral hepatitis was used for all remain-
ing etiologies, where stage 1 and stage 2 are portal fibrosis
and periportal fibrosis, while stage 3 is bridging fibrosis and
stage 4 is cirrhosis.?° All three staging systems are very
similar with minor differences in the earlier stages. For each
biopsy, stages 0 to 4 were determined using the appropri-
ate staging system and included in most pathology reports.
For reports without this type of staging, a liver pathologist
(AL, JHL) re-reviewed these biopsies. If a range of fibrosis
stages was provided for a biopsy (for example, stage 1-2),
we used the higher stage in data analysis.

VCTE

Fourteen different operators performed VCTE using a Fibro-
Scan 502 Touch (Echosens, Paris, France) to simultaneously
measure LSM and controlled attenuation parameter (CAP).
All operators were experienced hepatologists or nurse prac-
titioners at the Liver Transplant Clinic of Columbia University
Irving Medical Center and were trained and had experience
performing VCTE. After fasting for at least 3 hours prior to
the scan, patients were placed in supine position with right
arm in maximum abduction to allow optimal exposure of
right lateral abdomen. Measurements were obtained using
either an M or XL probe placed within an intercostal space
over the right hepatic lobe. Probe selection was performed
using the FibroScan automatic probe selection tool with op-
erator discretion in select cases. LSM interquartile range
(IQR) to median ratio (IQR/median) and CAP IQR were re-
corded as well. At least 10 sets of valid measurements were
required for a successful study; results were considered un-
reliable if IQR/median was greater than 30% when median
LSM was greater than 7.1 kPa.3? Using LSM cut-offs provided
within the device software, combined with patient’s clinical
history and recent liver blood tests when CLD etiology was
unknown, the operator determined a fibrosis stage from FO
to F4. As with liver biopsy, if a range of fibrosis stages was
documented, we used the higher stage in data analysis.

Statistical analysis

Patient characteristics are presented using descriptive sta-
tistics where continuous variables are reported as median
[IQR]. Categorical variables are reported as absolute num-
ber (proportion %). Ranges for continuous variables are
also provided.

We used Wilcoxon rank sum test to assess differences
between two groups for continuous variables and Kruskal-
Wallis test to compare LSM across all fibrosis stages (more
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Patients who received VCTE (n = 838)

Did not receive liver biopsy OR biopsy not
performed within 1 year (n = 726)

A 4

Patients with liver biopsy within 1 year (n = 112)

\ 4

Excluded (n = 3):
VCTE conducted at another institution (n = 2)
Incomplete VCTE data (n=1)

A 4

e Unreliable VCTE result (n = 7)

e Patients with valid VCTE and liver biopsy results (n = 109)
e Fibrosis stage based on median LSM available (n = 97)

Fig. 1. Study entry flow chart.

than two groups). We used post-hoc Dunn’s test with Ben-
jamini-Hochberg adjustment for multiple comparisons. For
comparison of categorical variables between two groups,
we used Fisher’s exact test. Kendall rank correlation coeffi-
cient was used to assess correlation between LSM and fibro-
sis stage by liver biopsy as well as between stages by VCTE
and biopsy. We assessed diagnostic performance of LSM
in evaluating fibrosis via area under the receiver operat-
ing characteristics (AUROC) and its 95% confidence interval
(CI). To differentiate between dichotomized fibrosis stages
(for example, stage 0 vs. stage 1-4) using VCTE, we cal-
culated LSM cut-off values using three methods: Youden'’s
index, which maximizes both sensitivity and specificity, set-
ting sensitivity to 0.90, and setting specificity to 0.90. We
calculated sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for each LSM
cut-off when used to identify the higher fibrosis stage.

We constructed univariate linear regression models to as-
sess potential influences of various demographic, clinical,
biopsy, and VCTE variables on LSM. Variables with p-values
of <0.20 on univariate analysis were included in the ini-
tial multivariate linear regression model, and subsequently
model selection was performed via a stepwise backwards
selection process using Bayesian Information Criteria. LSM,
the dependent variable, was transformed to normal distribu-
tion using the Box-Cox method in all regression models. We
then used the final multivariate linear regression model to
predict LSM as a function of CAP and biopsy fibrosis stage.
For all statistical analyses, we considered p-values <0.05
to be statistically significant. All statistical analyses were
conducted using RStudio software (PBC, Boston, MA, USA).

Results

Patient characteristics

Among 838 patients who underwent VCTE between Febru-
ary 2016 and April 2018, 112 received liver biopsy within
1 year. Of these patients, two received VCTE at an outside

institution and one additional patient’s VCTE result was not
completely recorded. Therefore, 109 patients met our inclu-
sion criteria (Fig. 1).

The patient cohort had a median age [IQR] of 56 [27]
years, more men (freq.=59, 54%) than women, and most
patients being white (freq.=73, 67%) and non-Hispanic
(freq.=79, 72%) (Table 1). Regarding comorbidities, 32%
(freq.=35) had type II diabetes mellitus, 54% (freq.=59)
had hypertension, and 50% (freq.=55) had dyslipidemia;
median BMI [IQR] was 27.86 [6.68] kg/m2. Median values
for liver-related blood tests were all within normal labora-
tory reference values. Patients had diverse initial chief com-
plaints, ranging from elevated serum aminotransferase and
alkaline phosphatase activities, abnormal liver imaging,
to pre-transplant evaluation and post-transplant monitor-
ing. The most common etiology of liver disease was NAFLD
(freq.=49, 45%), followed by chronic hepatitis C (freq.=16,
15%), and congestive hepatopathy (freq.=15, 14%); only
7% (freq.=8) of patients had apparently normal liver and
9% (freq.=10) had CLD of unclear etiology. Additionally,
80% (freq.=87) had a single liver disease diagnosis, while
16% (freq.=17) had two and 5% (freq.=5) had three.

VCTE characteristics and diagnostic performance in
staging fibrosis

All VCTE studies were successful, with at least 10 valid LSM
measurements per study and a median [IQR] of 13 [5] valid
measurements (Table 2). Median LSM [IQR] for the patient
cohort was 10.7 [12.9] kPa, and median CAP [IQR] was
250 [120] dB/m. M probe was used to evaluate 91 (83%)
patients whereas XL probe was used for 18 patients (17%).
Patients assessed with XL probe had higher median BMI
(34.56 [6.46] kg/m? vs. 26.89 [6.71] kg/m?2; p<0.001),
CAP (315 [98] dB/m vs. 241 [117] dB/m; p=0.003), and
LSM (12.05 [14.85] kPa vs. 9.8 [11.15] kPa; p=0.025)
compared to patients assessed with M probe. Additional-
ly, a higher proportion of patients who were assessed with
XL probe carried a diagnosis of NAFLD (freq.=13, 72% vs.
freq.=36, 40%; p=0.018). Seven (6%) patients had unreli-
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Table 1. Patient characteristics, n=109
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Patient characteristic Distribution? Range
Age in years 56 [27] 23-78
Sex, males 59 (54) -
Race White: 73 (67) -

African American: 13 (12) -

Asian: 5 (5) -

Other: 7 (6) -

Unknown: 11 (10) -
Ethnicity Hispanic/Latino: 20 (18) =

Not Hispanic/Latino: 79 (72) =

Unknown/Declined: 10 (9) =
Weight in kg 78.0 [24.5] 40.8-129.6
BMI in kg/m?2 27.86 [6.68] 17.7-49.4
Type II diabetes 35 (32) -
Hypertension 59 (54) -
Dyslipidemia 55 (50) -
Heavy alcohol use 24 (22) -
Smoking 49 (46) -
Total bilirubin in mg/dL 0.5[0.4] 0.1-3.2
AST in U/L 37 [43] 10-397
ALT in U/L 39 [48] 7-444
Alkaline Phosphatase in U/L 95 [77] 37-845
Platelets count x103/pL 197 [106] 55-412
INR 1.1 [0.2] 0.88-2.7
Albumin in g/dL 4.4[0.5] 1.3-5.3
Creatinine in mg/dL 0.93 [0.67] 0.5-10.0

Liver disease etiology

# of Etiologies/Subject

Biopsy fibrosis stage

NAFLD: 49 (45)
Hepatitis C: 16 (15)
Congestive: 15 (14)
Non-specific: 10 (9)
Autoimmune: 9 (8)
Normal: 8 (7)
Post-transplant: 7 (6)
Other: 6 (6)

PBC: 5 (5)

Alcoholic liver disease: 4 (4)
NRH: 4 (4)

Hepatitis B: 3 (3)

1: 87 (80)

2:17 (16)

3: 5(5)

Stage 0: 35 (32)
Stage 1: 23 (21)
Stage 2: 19 (17)
Stage 3: 20 (18)
Stage 4: 12 (11)

*For continuous variables (for example, age, AST, albumin), values are medians followed by [IQR]. For categorical variables (for example, sex, hypertension, biopsy
fibrosis stage), values are number of patients in each category follow by (percentage). ALT, alanine aminotransferase; AST, aspartate aminotransferase; INR, interna-
tional normalized ratio; NRH, nodular regenerative hyperplasia; PBC, primary biliary cholangitis.
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Table 2. Characteristics of VCTE scans

VCTE characteristic Sample size Distribution” Range
Probe 109 M: 91 (83) -

XL: 18 (17) -
# of Valid measurements/Subject 109 13 [5] 10-38
Patients with unreliable VCTE studies® 109 7 (6) -
Median LSM in kPa 109 10.7 [12.9] 2.8-75
IQR/Median LSM 109 0.18 [0.12] 0.03-0.93
CAP in dB/m 106 250 [120] 100-400
CAP IQR 106 36 [25] 0-147
VCTE operator 109 Operator A: 35 (32) =

Operator B: 23 (21) -

Operator C: 18 (17) -

Operator D: 11 (10) -

Ten others: 22 (20) -
VCTE F-score 97 FO: 13 (13) -

F1: 13 (13) -

F2: 15 (15) -

F3: 21 (22) -

F4: 35 (36) -

For continuous variables (for example, LSM, CAP), median values are reported followed by IQR in square brackets. For categorical variables (for example probe, opera-
tor, F-score), number of patients in each category followed by percentage of total in parentheses are reported. *Defined as studies with IQR/median LSM greater than
0.30 when median LSM is greater than 7.1 kPa. CAP, controlled attenuation parameter; IQR, interquartile range; VCTE, vibration-controlled transient elastography.

able studies, where the IQR/median LSM was greater than
0.30 when median LSM was greater than 7.1 kPa. For these
patients, 4 studies were done using M probe and 3 using XL
probe. Four operators performed 80% of the VCTE scans,
evaluating 35 (32%), 23 (21%), 18 (17%), and 11 (10%)
patients, respectively.

All liver biopsies were interpretable, and each had an as-
signed histological fibrosis stage either in the initial report
(freq.=71, 65%) or on a second review (freq.=38, 35%).
Thirty-five (32%) patients had no fibrosis on biopsy, twen-
ty-three (21%) stage 1, nineteen (17%) stage 2, twenty
(18%) stage 3, and twelve (11%) stage 4 (cirrhosis). Fig-
ure 2 outlines the distribution of LSM values for patients
with each histological fibrosis stage. VCTE LSM and fibro-
sis stage on biopsy were moderately correlated with Ken-
dall coefficient of 7=0.449 (p<0.001). Compared across
all fibrosis stages, LSM values were significantly different
for most pairs (Kruskal-Wallis p<0.001; Dunn’s post-hoc
test, p<0.01) except for those only one stage apart: stage
0 and stage 1 (Dunn’s, p=0.571), stage 1 and stage 2
(p=0.225), stage 2 and stage 3 (p=0.053), and stage 3 and
stage 4 (p=0.158), as well as between stage 0 and stage
2 (p=0.079). The median interval between VCTE and liver
biopsy was 47 [89] days.

Using Youden’s index, which maximizes both sensitivity
and specificity, we calculated LSM cut-off values that would
best differentiate stage 0 (no fibrosis) vs. stage 1-4 (any
fibrosis), stage 0-1 (no to minimal fibrosis) vs. stage 2-4
(moderate to advanced fibrosis and cirrhosis), stage 0-2
(no to moderate fibrosis) vs. stage 3-4 (advanced fibro-
sis and cirrhosis), and stage 0-3 (not cirrhosis) vs. stage
4 (cirrhosis) as determined via liver biopsy. We then as-
sessed the diagnostic performance of these LSM cut-offs in
differentiating dichotomized fibrosis stages (Table 3). For
stage 0-3 vs. stage 4, LSM cut-off was 20.45, which had a

corresponding AUROC (95% CI) of 0.90 (0.83-0.98), sen-
sitivity of 0.83 for detecting stage 4 fibrosis and specificity
of 0.85 for detecting stage 0-3 fibrosis. For stage 0-1 vs.
stage 2-4, LSM cut-off was 12.3 with a lower AUROC (95%
CI) of 0.80 (0.72-0.89), sensitivity of 0.67 and specificity
of 0.88. For Stage 0 vs stage 1-4, LSM cut-off was 11.95
and it had the lowest AUROC (95% CI) of 0.74 (0.64-0.83)
with sensitivity of 0.53 and specificity of 0.91. LSM cut-offs
were also calculated for dichotomized fibrosis stages when
sensitivity or specificity was set at 0.90. In both cases, as
well as when using Youden’s index cut-off, PPV decreased
by around 0.50 from stage O vs. stage 1-4 to stage 0-3
vs. stage 4. NPV increased by around 0.40 from stage 0 vs.
stage 1-4 to stage 0-3 vs. stage 4. Therefore, regardless
of the LSM cut-off selected, PPV was highest when LSM was
used to identify any liver fibrosis (stage 1-4) and NPV was
highest when LSM was used to rule out cirrhosis.

We performed sensitivity analyses to assess diagnostic
performance using reliable VCTEs only (freq.=102), VCTEs
in patients with NAFLD only (freq.=49), and VCTEs in non-
NAFLD patients only (freq.=60) (Supplemental Table 1). The
AUROCs of these sub-cohorts were similar when compared
to the AUROCs of the complete cohort. We also compared
the diagnostic performance of VCTE in the entire cohort to
that of the aspartate aminotransferase to platelet ratio in-
dex and fibrosis-4 index and found no significant difference
between the three methods (Supplemental Table 2).

Among 109 patients, fibrosis stage as determined by
VCTE was recorded for 97. Correlations of fibrosis stages
by VCTE and on biopsy were 7=0.426 (p<0.001) for all
patients, T=0.38 (p=0.004) for NAFLD patients only, and
T7=0.461 (p<0.001) for non-NAFLD patients (Table 4).
Therefore, a moderate correlation was found for the entire
cohort as well as subpopulations. Compared to histologi-
cal fibrosis stage determined by liver biopsy interpretation,
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Fig. 2. LSM distribution by each liver biopsy fibrosis stage represented by boxplot. The ends of each box visualize first and third quartile of LSM, whereas the
solid line in the middle represents median LSM. Diamonds illustrate outlier LSM values for each fibrosis stage. LSM, liver stiffness measurement.

VCTE fibrosis stage was at least two stages greater in 31
(32%) patients. In several instances, there were disparities
of 3-4 stages. Overall, cirrhosis (stage 4) was diagnosed by
VCTE in 35 cases. However, for 13 (37%) of these cases,
histological fibrosis stage was between none and moderate
(stage 0-2), while for 12 (34%) it was advanced (stage 3).
Among 20 patients with NAFLD considered to have cirrhosis

by VCTE, 7 (35%) had between none and moderate fibrosis,
while 8 (40%) had advanced fibrosis on liver biopsy. On the
flip side, histological fibrosis was at least 2 stages greater
than determined by VCTE in only three (3%) patients.
Representative cases clearly show no to minimal histo-
logical fibrosis when the VCTE diagnosis was cirrhosis (Fig.
3). Liver biopsy interpretation for patient A did not provide

Table 3. Diagnostic performance of LSM for each histopathological fibrosis stage as determined by biopsy interpretation

Patient group fibrosis stages  fidonce interval) off, kpa ity  fity PPV NPV
All patients, Youden'’s Stage 0 vs. 1-4 0.74 (0.64-0.83) 11.95 0.53 0.91 0.93 0.48
index (n=109) Stage 0-1vs. 2-4  0.80 (0.72-0.89) 12.3 0.67 0.88 0.83 0.75
Stage 0-2 vs. 3-4  0.87 (0.80-0.93) 10.75 0.94 069  0.56  0.96
Stage 0-3 vs. 4 0.90 (0.83-0.98) 20.45 0.83 0.85  0.40  0.98
All p..at.ie.nts, Stage 0 vs. 1-4 5.55 0.90 0.34 0.74 0.62
P Stage 0-1 vs. 2-4 6.85 0.90 047 060 0.84
Stage 0-2 vs. 3-4 11.05 0.90 0.72  0.57 0.95
Stage 0-3 vs. 4 13.25 0.90 0.71 0.28  0.98
All patients, Stage 0 vs. 1-4 11.95 0.53 0.90 0.92 0.47
fﬁicl'gg')tyzo'go Stage 0-1 vs. 2-4 14.05 0.64 0.90 0.85 0.74
Stage 0-2 vs. 3-4 23.35 0.41 0.90 0.63 0.78
Stage 0-3 vs. 4 25.40 0.67 0.90 0.45 0.96

AUROC, area under the receiver operating characteristics; LSM, liver stiffness measurement; NPV, negative predictive value; PPV, positive predictive value.
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Table 4. Correlation between VCTE fibrosis stage and biopsy fibrosis stage

Patient group Sample size

Fibrosis stages

Kendall’s tau

All patients 97
NAFLD only 41
Non-NAFLD only 56

All stages

Stage 0-1 vs. 2-4
Stage 0-3 vs. 4
All stages

Stage 0-1 vs. 2-4
Stage 0-3 vs. 4
All stages

Stage 0-1 vs. 2-4
Stage 0-3 vs. 4

0.426 (p<0.001)
0.32 (p=0.002)
0.408 (p<0.001)
0.38 (p=0.004)
0.309 (p=0.053)
0.382 (p=0.017)
0.461 (p<0.001)
0.31 (p=0.022)
0.442 (p=0.001)

NAFLD, nonalcoholic fatty liver disease; VCTE, vibration-controlled transient elastography.

a specific diagnosis and showed stage 0-1 fibrosis, whereas
the VCTE LSM was 74.3 kPa, which corresponded to stage
4 fibrosis. Patient B with a diagnosis of NAFLD had stage 1
histological fibrosis on biopsy and stage 4 fibrosis by VCTE
(LSM=13.8 kPa). Patient C had congestive hepatopathy
with stage 1 fibrosis on biopsy and stage 4 fibrosis by VCTE
(LSM=26.3 kPa).

Regression models for LSM

We fit univariate linear regression models to examine the
associations of various clinical, histological, and demographic
variables with Box-Cox transformed LSM (A=-0.33). Nor-
mal biopsy (B=0.104, p=0.006) and higher platelet count
(B=3.48x10"%, p=0.002) were significantly associated with
lower LSM (higher Box-Cox transformed LSM), whereas
autoimmune hepatitis diagnosis (B=-0.080, p=0.028),
use of VCTE XL probe (B=-0.061, p=0.024), increased
CAP (B=-3.13x107%, p=0.015), higher histological fibro-
sis stage (B=-0.045, p<0.001), and increased total biliru-
bin (B=-0.040, p=0.026) were associated with higher LSM

Patient A
Diagnosis Nonspecific
Liver Biopsy
Fibrosis Stage Stage 0—1
VCTE LSM (kPa) 74.3
VCTE Fibrosis Stage Stage 4

(lower Box-Cox transformed LSM). No other variables, in-
cluding other etiologies of CLD, were significant on univari-
ate analysis. On multivariate linear regression analysis where
independent variables were selected via backwards selec-
tion using Bayesian Information Criterion, only histologi-
cal fibrosis stage on biopsy (B=—0.044, p<0.001) and CAP
(B=-2.93%x107%, p=0.005) were retained in the final model
(Table 5). At a CAP of 100 dB/m, predicted median LSMs (95%
mean prediction CI) for liver biopsies with stage 0, stage 1,
stage 2, stage 3, and stage 4 fibrosis were 4.36 (3.52-5.49),
5.45 (4.46-6.75), 6.94 (5.69-8.57), 9.02 (7.27-11.38), and
12.02 (9.28-15.96). At a CAP of 300 dB/m, predicted me-
dian LSMs for liver biopsies with stage 0, stage 1, stage 2,
stage 3 and stage 4 fibrosis were 5.89 (4.92-7.15), 7.55
(6.53-8.81), 9.90 (8.77-11.23), 13.32 (11.69-15.26), and
18.52 (15.35-22.62). Therefore, greater VCTE CAP values
led to higher LSM irrespective of underlying fibrosis stage.

Discussion

Since the Food and Drug Administration approved VCTE in

Patient B Patient C
NAFLD Congestive Hepatopathy
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Fig. 3. Representative cases in which fibrosis stage determined by VCTE LSM significantly overstated histopathological fibrosis on liver biopsy. Rep-
resentative photomicrographs are liver sections stained with Masson’s trichrome. LSM, liver stiffness measurement; NAFLD, nonalcoholic fatty liver disease; VCTE,
vibration-controlled transient elastography.
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Table 5. Prediction of LSM and its mean prediction confidence interval based on linear regression model with cap and biopsy fibrosis stage as inde-

pendent variable

CAP in dB/m Fibrosis stage on biopsy LSM in kPa CI of mean prediction
100 Stage 0 4.36 3.52-5.49
Stage 1 5.45 4.46-6.75
Stage 2 6.94 5.69-8.57
Stage 3 9.02 7.27-11.38
Stage 4 12.02 9.28-15.96
200 Stage 0 5.05 4.24-6.07
Stage 1 6.39 5.54-7.42
Stage 2 8.24 7.3-9.35
Stage 3 10.89 9.54-12.5
Stage 4 14.81 12.31-18.03
300 Stage 0 5.89 4.92-7.15
Stage 1 7.55 6.53-8.81
Stage 2 9.90 8.77-11.23
Stage 3 13.32 11.69-15.26
Stage 4 18.52 15.35-22.62
400 Stage 0 6.94 5.44-9.05
Stage 1 9.02 7.19-11.52
Stage 2 12.03 9.63-15.29
Stage 3 16.53 12.96-21.54
Stage 4 23.59 17.5-32.86

CAP, controlled attenuation parameter; CI, confidence interval; LSM, liver stiffness measurement.

2013, many hepatology practices in the USA have adopted
it as a screening tool to assess liver fibrosis. However, pub-
lished reports on VCTE use in uncontrolled, routine clinical
settings in the USA have been lacking. We conducted this
retrospective study that described one academic medical
center’s experience with VCTE during the first 2 years after
its adoption and examined its diagnostic utility in staging
fibrosis.

Current guidelines recommend the use of VCTE as a
noninvasive screening modality for liver fibrosis in patients
with NAFLD, alcoholic liver disease, chronic hepatitis C, and
chronic hepatitis B.#8-10 This is consistent with our finding
where the majority of our VCTE studies were conducted in
patients with these etiologies. While there is currently no
robust evidence supporting the use of VCTE in other CLD
etiologies, clinicians in our study ordered or performed it in
patients with congestive hepatopathy (14%), autoimmune
hepatitis (8%), liver allograft rejection (6%), and even
those with nonspecific diagnostic workups (9%), or appar-
ently normal livers (7%). In these cases, caution must be
exercised when interpreting LSM and deriving fibrosis stage
from it, as the applicability of VCTE in these etiologies has
not been established. For example, in congestive hepatopa-
thy, case reports have shown VCTE to be unreliable in as-
sessing liver fibrosis, and experiments in pigs have shown
a direct relationship between central venous pressure and
LSM.31.32 Nonetheless, our data showed that in clinical prac-
tice at an academic medical center with experienced hepa-
tologists, VCTE is being used to attempt to assess fibrosis
in patients with liver diseases for which it is not indicated.
Furthermore, many patients do not obtain a definitive di-
agnosis until after VCTE is performed and often the initial
presumptive diagnosis is inaccurate. Therefore, staging in-

formation provided by VCTE may be incorrect as well, since
LSM cut-offs for each fibrosis stage vary by CLD etiology.

Nonetheless, the diagnostic performance of VCTE LSM in
differentiating dichotomized fibrosis stages was reasonably
strong in this heterogenous cohort where patients had dif-
ferent and, at times, multiple CLD diagnoses. This is evi-
denced by AUROCs of 0.74, 0.80, 0.87, 0.9 for stage 0 vs.
1-4, stage 0-1 vs. 2-4, stage 0-2 vs. 3-4, and stage 0-3
vs. 4 respectively. There was also a moderate correlation of
7=0.426 between two distinct sets of fibrosis stages deter-
mined by VCTE and liver biopsy.

Current guidelines also recommend VCTE as a tool for
ruling out cirrhosis in patients with certain CLD etiolo-
gies.*8:9 This position is supported by our data showing that
regardless of method used to derive LSM cut-off for stage
0-3 vs. stage 4 fibrosis (Youden's index, sensitivity=0.90,
specificity=0.90), NPV remained above 0.96. Additionally, it
suggests that the use of VCTE in non-recommended etiolo-
gies did not compromise NPV. On the other hand, PPV for
identifying cirrhosis remained poor. It was 0.28 when using
a LSM threshold of 13.25 kPa (sensitivity=0.90), and only
a modest improvement to 0.45 if the LSM threshold was
nearly doubled to 25.40 kPa (specificity=0.90) with minimal
decrease in NPV. This finding is supported by other single
CLD etiology studies.1:18-20 A substantial number of pa-
tients in our study received LSM values that corresponded
to stage 3 or 4 fibrosis but had liver biopsies that showed
no or minimal fibrosis. In fact, VCTE LSM overstated fibrosis
stage by at least two stages for 32% of patients in our co-
hort. Most concerningly, among cases where VTCE provided
a diagnosis of cirrhosis, 71% did not have this histological
diagnosis and 37% had no to moderate fibrosis on biopsy.

The diagnosis of cirrhosis is associated with a significantly
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increased healthcare burden, including more frequent phy-
sician visits, periodic imaging and blood tests for hepatocel-
lular carcinoma surveillance, and endoscopy to screen for
esophageal varices. It can also be psychologically stress-
ful for a misdiagnosed patient. Therefore, a high VCTE LSM
should not be considered definitive and only interpreted in
the context of patient’s overall clinical picture. One possible
strategy to reduce the false positivity rate involves utilizing
a simultaneous or stepwise combination of VCTE LSM and
another blood biomarker, such as the aspartate aminotrans-
ferase to platelet ratio index, fibrosis-4 index or age-platelet
index, which has been shown to increase diagnostic accu-
racy and PPV in identifying advanced fibrosis.33:34 Alterna-
tively, the Baveno VI consensus recommended conducting
two separate VCTE measurements on different days to min-
imize false positive results.35 This guidance is supported by
two studies in patients with NAFLD that showed an increase
in PPV when VCTE was repeated, and only patients with
high LSM values for both studies were considered to have
advanced fibrosis or cirrhosis.36:37 Regardless of these non-
invasive strategies, liver biopsy remains the gold standard
for staging fibrosis and may be necessary in many cases.
Furthermore, in some CLDs, only liver biopsy interpretation
can provide an etiological diagnosis, particularly for nonal-
coholic steatohepatitis.

On multivariate linear regression analysis, we found that
after controlling for the severity of liver fibrosis on biopsy,
CAP, which is a value measured by VCTE to assess hepatic
steatosis, remained significantly associated with LSM. This
is consistent with findings from a study of patients with
NAFLD that showed greater mean LSM for higher CAP tertile
in patients with stage 0-2 fibrosis.3® CAP positively influ-
enced LSM in our cohort where patients had a wide range
of CLD etiologies, not only NAFLD. Future single-etiology
cohort studies are necessary to confirm the influence of CAP
on LSM in other CLD diagnoses. Since hepatic steatosis in-
fluences VCTE CAP,16 CAP’s association with LSM suggests
that patients with high liver fat content may have greater
LSMs without advanced liver fibrosis. This may serve as a
potential explanation for the phenomenon where fibrosis
stage derived from VCTE LSM overstates histological fibro-
sis.

Our study has several limitations. First, the cohort con-
tained patients with different and, at times, multiple etiolo-
gies of CLD, and thus the calculated LSM cut-offs may not
be applicable to any single etiology. Some patients had non-
specific diagnoses and even apparently no histopathological
evidence of liver disease. However, our aim was to report
real-life experience with VCTE in routine clinical practice,
which necessitated the inclusion of all patients, regardless
of underlying etiology or clinical condition. Indeed, our data
show that experienced clinical hepatologists order VCTE for
indications for which its use has not been robustly validated,
and without following guidelines or product specifications.
Second, we did not convert liver biopsy fibrosis determined
from three distinct staging systems into one common sys-
tem. However, the differences in the definitions of each fi-
brosis stage (0-4) among the staging systems are minor,
mainly influenced by location of fibrosis within the hepatic
lobule and subtle differences in the number of bridging sep-
ta. Furthermore, in all these systems, bridging fibrosis is
stage 3, and the presence of completely formed cirrhotic
nodules is classified as stage 4. Additionally, results from
this study are from the patient population of a tertiary care
academic medical center with a liver transplantation pro-
gram, which may not translate to patients in community
practices. Finally, liver biopsies may vary in sample size and
quality, which we did not account for and may introduce
variability to a patient’s histological fibrosis stage.® However,
biopsy sampling variation is random, which combined with
fluctuations in VCTE LSM measurements should decrease

the chance and impact of any errors. Despite potential vari-
ability in liver biopsies,3°-4! it remains the gold standard for
assessing fibrosis.> We also did not evaluate other emerging
non-invasive diagnostics, such as two-dimensional shear
wave and magnetic resonance elastography that may even-
tually become more available for the routine assessment of
liver fibrosis.42:43

In summary, in routine clinical practice at a USA aca-
demic medical center, VCTE is highly reliable for ruling out
cirrhosis. However, due to its low PPV, extreme caution must
be exercised when used as the sole methodology to identify
cirrhosis. This could lead to unnecessary health care inter-
ventions and psychological stress from a misdiagnosis.
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