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Abstract
Vibration-controlled transient elastography (VCTE) is a non-invasive method of evaluating liver fibrosis and steatosis. It can
easily be performed in the outpatient setting and has been suggested as an alternative to liver biopsy. However, VCTE and
biopsy discrepancies commonly occur. Patient characteristics, procedure performance, and liver features can impact the
reliability of VCTE results. We identified 82 patients who received VCTE and biopsy within one month to assess how
frequently major discrepancies occur and to determine the role of the liver biopsy in this workup. In our study, 35.4% of
patients had a major fibrosis discrepancy, which was defined as advanced fibrosis or cirrhosis by VCTE and no to minimal
fibrosis on biopsy. This was significantly associated with increased BMI, and liver features including steatohepatitis,
inflammation, congestion, and cholestasis were important contributors to discrepancies. All patients with advanced fibrosis
or cirrhosis on liver biopsy were appropriately detected by VCTE (n= 28). Detection of steatosis was less sensitive as 19%
(n= 4 of 21) of patients with moderate to severe steatosis on biopsy were missed by VCTE. Liver biopsy has
been traditionally performed for diagnosis, but with the emergence of non-invasive tools to evaluate for liver fibrosis and
steatosis, biopsies are now additionally being performed to confirm findings from noninvasive procedures. Although VCTE
is a highly sensitive tool for liver fibrosis, it is not as specific, and therefore, the liver biopsy remains the gold standard for
accurate fibrosis assessment.

Introduction

Non-alcoholic fatty liver disease (NAFLD), which affects
up to 25% of the world population, refers to the abnormal
accumulation of lipids within hepatocytes [1–3]. NAFLD
can develop into nonalcoholic steatohepatitis (NASH) [4],
which is associated with increased risk for diabetes, heart
disease, renal disease, and cancer. A subset of cases further
progress to severe hepatic fibrosis and cirrhosis, as well as
hepatocellular carcinoma [3]. Liver fibrosis is the main
predictor of poor outcome, and NASH is currently the
leading cause of cirrhosis and indication for liver trans-
plantation in the United States [2].

Approximately 25% of NAFLD cases eventually progress
to NASH; risk factors for progression include metabolic
syndrome, morbid obesity (BMI > 35), diabetes, dyslipide-
mia, hypertension, and Hispanic ethnicity [3, 5]. However,
these risk factors do not reliably predict who will develop
NASH, and identifying high-risk patients presents a major
challenge. Currently, there are no consensus guidelines for
NALFD or NASH screening in the United States [2]. Studies
that screened patients for NAFLD have shown that up to
47% of patients may not be obese and up to 79% of patients
may have normal liver function tests, exemplifying the dif-
ficulties in formulating a screening method [6, 7]. Liver
biopsy is the gold standard for staging fibrosis, but it is an
invasive procedure with sample-related limitations [3].
Therefore, there is a demand for non-invasive tests to rou-
tinely evaluate steatosis and stage fibrosis in NAFLD and
NASH patients. Over the last decade, vibration-controlled
transient elastography (VCTE, FibroScan, Echosens,
France) has gained traction as a sensitive, noninvasive tool
to screen for liver steatosis and advanced fibrosis [3].

VCTE uses a special probe to generate low amplitude
and low-frequency vibrations [2]. By Hooke’s law, the
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velocity of the shear wave through the liver can be con-
verted into a liver stiffness measurement (LSM) that esti-
mates the degree of fibrosis [2]. The fibrosis score is
measured in kilopascals (kPa) ranging from 1 to 75 kPa,
with the normal range being 3.3–7.8 kPa [8]. VCTE also
provides a controlled attenuation parameter (CAP) score as
a measurement of steatosis, ranging from 100 to 400 deci-
bels per meter (dB/m) [3]. Defined cutoffs are used to
translate the LSM and CAP scores into estimated degree of
fibrosis and percentage of steatosis, respectively [3, 8]. Data
on these parameters were originally collected on hepatitis C
(HCV) patients, and studies have since shown that VCTE
may be used to rule out advanced fibrosis in other liver
etiologies [9, 10].

Given these advances in noninvasive methods of
detecting steatosis and fibrosis, as well as advances in
medical care such as the new effective hepatitis C treat-
ments, indications for liver biopsy have vastly diminished in
the past decade. Although noninvasive testing is established
in the clinical realm, pathologists may not be aware of the
scenarios in which clinicians employ liver biopsy to confirm
VCTE findings, and this may lead to uninformative
pathology diagnoses. We performed this study to better
understand the indications for clinicians to perform a liver
biopsy in conjunction with VCTE and to identify dis-
crepancies in steatosis and fibrosis between VCTE and
biopsy from a pathology perspective. We also analyzed how
often these discrepancies occur and what factors may con-
tribute to discordant findings.

Materials and methods

Electronic medical records at a tertiary academic medical
center were searched to identify patients who underwent
both liver biopsy and VCTE within 1 month of each other,
between July 2013 to May 2019 (n= 82). Collected data
included clinical histories, indications for VCTE and
biopsy, VCTE parameters (probe size, IQR, fibrosis
assessment, and CAP steatosis score), liver-related labora-
tory values (AST, ALT, alkaline phosphatase, total bilir-
ubin, platelet count, albumin level), and demographics. The
reported VCTE interpretations were used for data collection
with the following cutoffs for fibrosis assessment estab-
lished at our institution: <8 (F0-2), ≥9 (F3), and ≥12
(F4). Mild steatosis was defined by a CAP between 251 and
299, while moderate to severe steatosis was defined by
CAP ≥ 300.

Histologic re-review of the biopsies was performed by a
pathologist to confirm diagnosis, degree of fibrosis, and
steatosis, as well as to record biopsy length and number of
portal tracts. The NASH CRN histological scoring system
was used to measure the degree of fibrosis and steatosis [11].

Major discrepancy in fibrosis was defined as F3 or F4
on VCTE, when biopsy showed stage 0–1. Discordance in
steatosis was defined as moderate to severe steatosis on
VCTE when no or mild steatosis (<33%) was present on the
biopsy, or no steatosis on VCTE when severe steatosis
(>66%) was seen on biopsy.

ANOVA and chi-square statistical tests were performed
using GraphPad Prism, version 8, and statistical significance
was defined as p < 0.05.

Results

Eighty-two adult patients (mean age 49 years, range 21–75,
55% female) who had undergone both VCTE and liver
biopsy within 1 month of each other were identified
(Table 1). The average BMI at the time of VCTE procedure
was 30.6 kg/m2 (range 20.16–46.46 kg/m2), and 36.6% of
patients had a history of impaired fasting glucose or dia-
betes. The average FIB-4 scores on the day of the biopsy
and day of the VCTE were 2.77 and 2.51, respectively.

The average length of time between VCTE and biopsy
was 16.5 days (0–30). Multiple indications for biopsy were
often present, the most common being abnormal liver
function tests (LFTs) (n= 38), follow up for suspected and/
or previously biopsy-proven NAFLD/NASH (n= 31),
confirmation of imaging findings that suggested fibrosis
(including ultrasound and transient elastography) (n= 28),
and suspected drug-induced liver injury (n= 13). Of the
patients who were followed for NAFLD/NASH, liver
biopsy showed NASH (n= 24), steatosis (n= 3), hepatitis
(n= 1), cirrhosis without features of NASH (n= 1), and
non-diagnostic (n= 2). Twenty-three (60.5%) of the
patients with abnormal LFTs were in those without a pre-
vious history of liver disease.

Liver biopsy findings

The average biopsy length was 2.3 cm (range 1–5.5 cm)
with an average of 16.7 portal tracts (range 5–34). The
distribution of biopsy fibrosis score is as follows: 28.0%
with a score of 0 (n= 23), 30.5% score of 1 (n= 25),
7.3% score of 2 (n= 6), 15.9% score of 3 (n= 13), and
18.3% score of 4 (n= 15). The distribution of biopsy
steatosis grade was 47.6% (n= 39) for no to minimal
steatosis (<5%), 26.8% (n= 22) grade 1 (5–33%), 9.8%
(n= 8) grade 2 (33–66%), and 15.9% (n= 13) for grade 3
(>66%).

NASH was seen on biopsy in 43.9% of cases (n= 36)
(Table 2). Twenty-two cases showed evidence of hepatitis,
including hepatitis C (n= 6), hepatitis B (n= 3), auto-
immune (n= 3), drug-induced liver injury (n= 6), and
nonspecific liver injury (n= 4). Features of congestion or

1956 J. M. Fang et al.



venous outflow obstruction were identified in 4.9% (n= 4).
Cholestatic changes were identified in 11.0% (n= 9),
including two cases of primary biliary cholangitis.

VCTE associated factors

To perform VCTE, the M probe size was used more fre-
quently than the XL probe (n= 57 versus n= 25, respec-
tively). The average BMI of a patient for whom an M probe
was used was 27.5 kg/m2 (range 16.91–47.54 kg/m2). The
average BMI for a patient for whom an XL probe was used
was 37.7 kg/m2 (range 28.36–48.0 kg/m2). The interquartile
range averaged at 17.7% (range 6–29%). In all of the studies,

the patients had a fasting period of at least 3 hours. Four
patients had detectable HCV serologies at the time of the
VCTE, and one of these had a major fibrosis discrepancy.

The average fibrosis assessment was 15.1 kPa, and the
average CAP steatosis score was 272.9 dB/m. The dis-
tribution of fibrosis assessment from F0 to F4 is as follows:
28.0% (n= 23) stage F0-F2 (mild hepatic fibrosis), 20.7%
(n= 17) stage F3 (probable moderate/severe fibrosis), and
51.2% (n= 42) stage F4 (probable cirrhosis). The dis-
tribution of the CAP score steatosis is as follows: no to
minimal steatosis (n= 39), probable mild steatosis <33%
(n= 10), and probable moderate to severe hepatic steatosis
>33% (n= 33).

Table 1 Patient and procedure characteristics.

Total cohort (n= 82) Discrepant fibrosis*
35.4% (n= 29)

Discrepant steatosis* 22.0%
(n= 13 major, 5 minor)

No discrepancy 52.4% (n= 43) p-value

Age (Years) 49.4 (23–75) 44.7 (21–69) 50.2 (25–71) 51.3 (25–75) NS

Gender

Female 53.7% 65.5% 55.6% 48.8% NS

Male 46.3% 34.5% 44.4% 51.2% NS

Race

American Indian 1.2% 3.4% 0% 0% NS

Asian 10.0% 13.8% 11.1% 7.0% NS

Black or African American 3.7% 0% 0% 7.0% NS

Hispanic 2.4% 3.4% 5.6% 2.3% NS

White or Caucasian 80.5% 75.9% 83.3% 81.4% NS

Unknown 2.4% 3.4% 0% 2.3% NS

Body mass index (kg/m2) 30.6 (16.9–48.0) 32.2 (19.0–48.0) 34.9 (27.2–47.1) 28.4 (16.9–38.5) 0.0021

Diabetes mellitus, type 2 36.6% 41.4% 50% 30.2% NS

Laboratory findings (day of VCTE)

Albumin 4.2 (2.4–5.1) 4.3 (2.6–5.1) 4.3 (3.1–5.1) 4.1 (2.4–4.8) NS

AST (U/L) 160.7 (21–2380) 171.3 (22–2380) 74.9 (25–212) 173.9 (21–1879) NS

ALT (U/L) 195.5 (15–2067) 178.6 (25–2067) 127.7 (25–551) 219.1 (15–1789) NS

Alkaline phosphatase (U/L) 143.0 (42–1402) 103.0 (44–373) 132.1 (42–703) 165.9 (49–1402) NS

Bilirubin, total (mg/dL) 2.11 (0.2–30.1) 2.96 (0.2–30.1) 0.6 (0.2–1.5) 1.86 (0.2–21.6) NS

Platelet count (1000 cells/μL) 241.8 (71–964) 289.3 (127–964) 204.5 (114–345) 224.5 (71–402) 0.013

Biopsy characteristics

Biopsy length (cm) 2.34 (1–5.5) 2.55 (1–5.5) 2.38 (1.3–5.5) 2.25 (1–4) NS

Number of portal tracts 16.7 (5–34) 17.5 (5–32) 14.4 (5–22) 16.9 (6–34) NS

VCTE characteristics

Timing around biopsy (days) 16.5 16.1 19.7 15.8 NS

IQR (%) 17.6 (6–29) 18.1 (7–29) 15.3 (6–29) 18.2 (7–28) NS

Probe size (M to XL)

M 69.5% 65.5% 55.6% 79.1% NS

XL 30.5% 34.5% 44.4% 20.9% 0.048

CAP steatosis score 272.9 300.2 313.3 250.0 0.0015

No to minimal 39 10 4 26 –

Mild (<33%) 10 1 0 9 –

Moderate/severe (>33%) 33 20 14 8 –

Fibrosis assessment (kPa) 15.1 15.3 13.4 15.8 NS

F0–F2 23 0 5 18 –

F3 17 11 2 6 –

F4 42 18 11 19 –

*8 patients had both steatosis and fibrosis discrepancies.

NS nonsignificant; VCTE vibration-controlled transient elastography; AST aspartate aminotransferase; ALT alanine aminotransferse;
IQR interquartile range; CAP controlled attenuation parameter.
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Factors associated with discrepancy between
VCTE and biopsy

Fibrosis by VCTE and biopsy were discrepant in 35.4%
(n= 29) (Fig. 1). The VCTE showed advanced fibrosis (F3)
in 17 cases and cirrhosis (F4) in 41 cases. However, the
liver biopsy demonstrated fibrosis stage 0 or 1 in 50% (n=
29) of these cases. Discordance in fibrosis reading was most
associated with BMI > 28 kg/m2 (n= 20/29). Those with
both BMI > 28 kg/m2 and NASH also showed frequent
discordant findings (n= 15/29) (p-value= 0.035). Cate-
gorizing by disease, the majority of discrepancies in fibrosis
assessments were in patients with NASH (55.2%, n= 15),
followed by those with hepatitis 13.8% (n= 4), cholestasis

17.2% (n= 5), and those with vascular outflow obstruction
10.3% (n= 3). Three cases in the discrepant group
had multiple liver diseases, including 1 NASH/hepatitis and
2 cholestasis/hepatitis. Of the 33 patients with elevated
ALT >100 IU/L on the day of VCTE, 6 had a major fibrosis
discrepancy.

Steatosis measurements by VCTE and biopsy were dis-
crepant in 21% (n= 18). Thirteen showed mild steatosis
(10–33%) on biopsy but “moderate to severe steatosis” on
VCTE. Four biopsies showed moderate (33–66%, n= 1) to
severe steatosis (>66%, n= 3) and were read as having “no
to minimal steatosis” by VCTE. Finally, 1 biopsy showed
no steatosis but was reported to have “moderate to severe
steatosis” on VCTE. Steatosis discordance was seen most in

Table 2 Liver biopsy findings.

Total cohort
(n= 82)

Discrepant fibrosis*
(n= 29); p-value

Discrepant steatosis*
(n= 13 major, 5 minor); p-value

No discrepancy (n= 43);
p-value

NASH 43.9% 55.2%; NS 77.8%; 0.0004 30.2%; 0.0022

Hepatitis 24.4% 17.2%; NS 11.1%; NS 32.6%; NS

Viral 11.0% 10.3% 5.6% 14.0%

Drug 4.9% 6.9% 5.6% 2.3%

Autoimmune 3.7% 0% 0% 7.0%

Unknown 4.9% 0% 0% 9.3%

Drug injury 14.6% 10.3% 5.6% 18.6.0%

Congestion 4.9% 10.3%; NS 5.6%; 0.034 2.3%; NS

Cholestasis 11.0% 10.3%; NS 0%; 0.047 11.6%; NS

Cirrhosis 11.0% 0% 16.7% 16.3%

Steatosis without
fibrosis

6.1% 6.9% 11.1% 2.3%

Nondiagnostic 6.1% 3.4% 0% 9.3%

*8 patients had both steatosis and fibrosis discrepancies.

NASH Non-alcoholic steatohepatitis; NS nonsignificant.

Fig. 1 Major fibrosis and
steatosis discrepancies
frequency. Major discrepancies
in fibrosis and/or steatosis by
VCTE and liver biopsy are
common. In our study, higher
BMIs and NASH on biopsy are
the most commonly seen factors
in both major discrepant fibrosis
and steatosis cases. Liver
features of cholestasis,
congestion, and acute hepatitis
are also associated with
increased liver stiffness
measurements by VCTE.
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association with BMI > 28 (94.4%, n= 17) and NASH/
NAFLD (88.9%, n= 16). All three discrepant biopsies
with severe steatosis (>66%) had features of NASH.
5.6% (n= 1) of discrepant steatosis cases had features of
congestion and 5.6% (n= 1) showed hepatitis. No cases of
cholestasis had a discrepancy in steatosis.

Discussion

VCTE is a noninvasive tool that can be easily performed in
the outpatient setting to evaluate for liver fibrosis and steatosis,
and it has been suggested as a viable alternative to liver biopsy
[3, 12–14]. It is effective for identifying cirrhosis with a
negative predictive value of 94–100%, whereas there is higher
variability in assessing the severity of fibrosis [3, 15–18].
There are many factors that contribute to this high variability.
VCTE measurements are affected by patient characteristics
and procedure performance [3, 19]. Importantly, disruption of
the liver matrix, such as significant liver steatosis, inflamma-
tion, necrosis, cholestasis, and congestion by vascular outflow
obstruction, can especially influence VCTE findings (Fig. 2)
[8, 20–23]. We evaluated liver biopsies from 82 patients who
underwent VCTE and liver biopsy within one month of each
other to elucidate the clinical scenarios that may require both
VCTE and liver biopsy.

In our cohort, almost half showed a VCTE and biopsy
discrepancy in fibrosis and/or steatosis. All biopsies showing
cirrhosis were detected by VCTE; however, VCTE over-
estimated advanced fibrosis in 35% of our study population.
Biopsy was performed specifically to confirm VCTE fibrosis
assessment in 24 patients, and 58% of these had a major

fibrosis discrepancy. Major fibrosis discrepancies were
associated with increased BMI, and patients with both BMI
> 28 kg/m2 and NASH on biopsy were more likely to have
discordant fibrosis findings. Major steatosis discrepancies
occurred in 16% of our cohort and were also associated with
increased BMI and NASH on biopsy. Although liver
inflammation, cholestasis, and congestion have been found
to increase LSM, and therefore increase estimation of
fibrosis by VCTE, these factors did not increase the like-
lihood of a major fibrosis discrepancy in our study (i.e., at
least advanced fibrosis on VCTE and no fibrosis on biopsy).

It is useful to know that many factors can influence the
results of VCTE and know when a liver biopsy may be
ordered to validate VCTE findings. The quality of VCTE is
influenced by the total number of measurements, success
rate, and variability assessments such as interquartile range
to median ratio (IQR/M) [10, 24]. Current recommendations
include >10 valid measurements, success rate >60–70%,
and an IQR/M < 30% [24, 25]. Other factors that may
impact quality include 3 hour fasting prior to the procedure,
patient position, probe placement on the body, operator
experience, and probe size (M versus XL) [19, 26]. When
optimal VCTE parameters are not met or VCTE findings are
unexpected, liver biopsy is indicated for diagnosis or con-
firmation of VCTE findings. All subjects in our cohort met
the current recommendations for VCTE, so inadequate
VCTE quality was not an indication for liver biopsy in
our study.

Obesity is the most well-documented limitation of VCTE,
and overestimation of liver fibrosis is common [19]. This is
due to the increased distance between the skin and liver
capsule and poor propagation of the shear wave through the

Fig. 2 Factors associated with discrepancies. Individuals with higher
BMIs have an increased distance between the skin and liver capsule,
which affects fibrosis assessment because it impacts the VCTE probe’s
ability to propagate the shear wave for the evaluation of stiffness.

Liver features that disrupt the liver matrix including steatohepatitis,
cholestasis, congestion, acute hepatitis, and steatosis have also been
described to affect accurate fibrosis assessment by VCTE (hematox-
ylin-eosin, original magnifications ×200 and ×100).
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increased adipose tissue (Fig. 2) [3, 19]. The XL probe was
designed to mitigate the higher skin to liver capsule distance
by using a lower frequency and larger vibration amplitude to
facilitate greater depth of measurement [19, 27, 28]. Studies
have shown that using the appropriate probe size based on
BMI is unlikely to affect the VCTE reliability, and it has
been recommended to switch to the XL probe if there is a
high failure rate with the M probe or to start with the XL
probe for patients with BMI > 32 to >35 kg/m2 [3, 26–29]. In
our study, the average BMI was 27.5 kg/m2 and 37.7 kg/m2

for the M probe and XL probe, respectively. Even with
the XL probe, 38% of patients with BMI > 28 kg/m2 had a
major fibrosis discrepancy, and 33% of patients had a stea-
tosis discrepancy. Measurements with the XL probe had
increased total discrepancies (fibrosis and/or steatosis),
suggesting that the XL probe may not be fully effective in
compensating for higher BMI.

Non-alcoholic steatohepatitis is associated with increased
BMI, and therefore, discrepancies could be expected in
patients with NASH. In our study, major fibrosis dis-
crepancies were seen in 67.6% of liver biopsies with
NASH. The NASH activity is based on the presence of
steatosis, inflammation, and balloon cells [20, 23]. Sig-
nificant inflammation and steatosis have individually been
identified as contributors that increase LSM, which may
explain why the features of steatohepatitis can affect VCTE
performance. Coexisting increased BMI (>28 kg/m2) was
seen in 88.2% of patients with either steatohepatitis or
steatosis only on biopsy, raising the possibility that the
trend towards increased discrepancies is related to the BMI.
The combination of higher BMI and steatohepatitis was
significantly associated with major discrepancies for fibrosis
as well as steatosis, suggesting that patients with established
NASH are more likely to have a fibrosis discrepancy if they
have concurrent increased BMI. In other words, although
NASH fibrosis is the key aspect that would benefit from
accurate assessment by VCTE, the rate of fibrosis dis-
crepancy between VCTE and biopsy is high in the common
scenario of obesity and NASH. Other comorbidities related
to increased BMI, such as metabolic syndrome or diabetes
mellitus type II, were not significantly associated with
higher rates of major discrepancies.

Pathologists should know that liver inflammation has
been found to increase LSM, especially when accompanied
by necrosis and/or edema. Therefore, VCTE is reportedly
less accurate in cases of severe acute hepatitis [19, 21, 30].
This is supported by studies that compared patients with
pre- and post-treatment acute hepatitis and found that LSM
drastically decreased after appropriate therapy [21, 30–32].
In addition, sustained virologic response in hepatitis C
patients was also associated with significant decreases in
LSM [33, 34]. Clinical markers of inflammation, notably
increased ALT, have also been found to correlate with

increased LSM [8, 31, 32, 35, 36]. As such, pathologists
may receive biopsies to evaluate when a patient has ele-
vated transaminases, such as an ALT > 100 IU/L. In our
cohort, 26.8% of patients had active hepatitis of viral,
autoimmune, or drug-induced etiology, and about 18.2% of
these cases were discrepant. In addition, 40.2% of patients
had elevated ALT (>100 IU/L) at the time of VCTE, 33% of
which had a major fibrosis discrepancy. Thus, pathologists
should be aware that hepatitis and treatment response can
result in a discrepancy between VCTE and biopsy, and that
clinicians may be asking for biopsy evaluations because of
this context.

Congestion or obstructed bile flow can also result in
VCTE fibrosis overestimations by causing increased fluid in
the liver, and thereby increasing LSMs [19, 20, 37, 38].
Millonig et al. created animal models to mimic congestive
heart failure as well as extrahepatic cholestasis and found
significant increases in LSM in both models [20, 37]. This
corroborated their study of human subjects, in which
patients with decompensated congestive heart failure and
patients with obstructive jaundice due to neoplastic invasion
of the biliary tree had decreases in LSM after diuretics and
biliary drainage, respectively [20, 37]. Intrahepatic choles-
tasis has also been suggested to increase LSM, as bilirubin
trends correlated with LSM in patients with acute toxic liver
damage, primary biliary cholangitis, or primary sclerosing
cholangitis [20, 30]. Therefore, pathologists should be
aware that VCTE is not as reliable in patients with a history
of hepatic congestion or cholestatic liver diseases. Our
study included five patients with liver biopsies that showed
features of congestion or venous outflow obstruction, three
of which had a major fibrosis discrepancy. We also iden-
tified 12 patients with features of cholestasis on biopsy, 5 of
which had a major fibrosis discrepancy. When a liver
biopsy shows congestion or cholestatic features, a fibrosis
discrepancy with VCTE is not unexpected.

Liver steatosis can also be measured by VCTE; however,
there are limitations. VCTE is not as precise for steatosis and
cannot reliably differentiate moderate steatosis (33–66%)
from severe steatosis (>66%); hence, most institutions do not
distinguish moderate from severe steatosis [3, 39]. VCTE
CAP measurements >250 dB/m typically define at least
moderate steatosis (>33%) [3]. Interestingly, exceptionally
high CAP values (>323 dB/m) have been unexpectedly
associated with increased steatosis discrepancies and para-
doxically no longer correlate as well with the degree of
steatosis [40]. Factors impacting fibrosis measurements have
also been found to affect steatosis [3, 39]. Consistent with
these studies, we found that steatosis discrepancies were
significantly associated with CAP measurement, BMI, and
NASH [39, 40]. In our cohort, VCTE either overestimated or
underestimated steatosis in 21% of patients. While VCTE
successfully detected all liver biopsies with severe fibrosis
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and cirrhosis, VCTE missed 4 of 10 cases of moderate to
severe steatosis. It is thus useful to understand that VCTE is
not as sensitive nor specific for detecting steatosis. Its pri-
mary strength in the outpatient setting is its ability to detect
advanced fibrosis and cirrhosis. Biopsy evaluation for stea-
tosis and steatohepatitis can help add important information
for the patient’s management.

The most common indication for ordering the biopsy in
our study population was to confirm fibrosis findings on
imaging (VCTE and ultrasound, n= 24 and 4, respec-
tively). Furthermore, there were 31 patients who had at least
one other VCTE that was not associated with a liver biopsy,
presumably for surveillance of their liver disease. We also
saw both tests ordered to evaluate elevated LFTs in patients
without a history of liver disease (n= 23). From a pathol-
ogy perspective, while the liver biopsy is traditionally per-
formed to establish an initial diagnosis, we will now see an
increase in biopsies to confirm the findings of noninvasive
screening tools.

In summary, pathologists should be aware that they may
receive biopsies to confirm the fibrosis and steatosis results
of noninvasive screening methods. Moreover, discrepancies
regarding both are not uncommon. Therefore, liver biopsy
still plays an important role in the accurate diagnosis and
management of patients. Increased BMI has been associated
with discrepancies due to the increased skin-to-liver capsule
distance seen in obesity. It is also helpful to be aware that
factors that disrupt the liver matrix, notably significant
steatosis, inflammation, necrosis, and edema, impact VCTE
fibrosis scores as well. Clinicians utilize VCTE as a
screening method for its high sensitivity and noninvasive-
ness, which may decrease the number of liver biopsies in
patients who need lifelong surveillance. A discrepant result
between VCTE and biopsy may raise undue concern to
patients and clinicians who are less familiar with VCTE. In
these situations, pathologists can play an impactful advisory
role by providing reassurance regarding the factors that
contribute to discrepancies. Because VCTE can inaccurately
overestimate fibrosis, liver biopsy is still the gold standard
for confirmation of liver fibrosis.

Data availability
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