W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v22.i20.4926

World | Gastroenterol 2016 May 28; 22(20): 4926-4935
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

Prospective Study
Acoustic radiation force impulse imaging for assessing liver
fibrosis in alcoholic liver disease

ORIGINAL ARTICLE

Anita Kiani, Vanessa Brun, Fabrice Lainé, Bruno Turlin, Jeff Morcet, Sophie Michalak, Antonia Le Gruyer,
Ludivine Legros, Edouard Bardou-Jacquet, Yves Gandon, Romain Moirand

Anita Kiani, Vanessa Brun, Yves Gandon, Department of
Abdominal Imaging, Rennes University Hospital, 35033 Rennes,
France

Fabrice Lainé, Jeff Morcet, Clinical Inverstigation Center, CIC
INSERM 1414, Rennes University Hospital, 35033 Rennes,
France

Fabrice Lainé, Antonia Le Gruyer, Ludivine Legros, Edouard
Bardou-Jacquet, Romain Moirand, Department of Hepatology,
Rennes University Hospital, 35033 Rennes, France

Bruno Turlin, Department of Pathology, Rennes University
Hospital Rennes, 35033 Rennes, France

Sophie Michalak, Department of Pathology, Angers University
Hospital, 49100 Angers, France

Romain Moirand, Department of Addictology, Rennes University
Hospital, 35033 Rennes, France

Romain Moirand, Department of Research INSERM UMR 991,
Rennes 1 Medicine University, 35000 Rennes, France

Author contributions: Kiani A, Lainé F and Moirand R designed
the research; Kiani A, Brun V, Lainé F, Turlin B, Michalak S, Le
Gruyer A, Legros L, Bardou-Jacquet E and Moirand R performed
the research; Kiani A, Brun V, Lainé F, Morcet J, Gandon Y and
Moirand R analyzed the data; Morcet J contributed to statistical
analysis; Kiani A, Brun V, Lainé F, Morcet J, Bardou-Jacquet E
nd Moirand R wrote the paper.

Institutional review board statement: The local ethics com-
mittee approved this study.

Clinical trial registration statement: This study is registered
at https://clinicaltrials.gov/ct2/show/NCT01789008?term=NC
T01789008&rank=1. The registration identification number is
NCT01789008.

Informed consent statement: All study participants, or their
legal guardian, provided informed written consent prior to study
enrollment.

Baishidenge ~ WJG | www.wjgnet.com

Conflict-of-interest statement: The authors of this manuscript
have no conflicts of interest to disclose.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Anita Kiani, MD, Department of Abdominal
Imaging, Rennes University Hospital, CHU Rennes, 2 rue H. Le
Guilloux, 35033 Rennes, France. anita.kiani@chu-rennes.fr
Telephone: +33-2-99284309

Fax: +33-2-99284364

Received: February 10, 2016
Peer-review started: February 10, 2016
First decision: March 8, 2016

Revised: March 26, 2016

Accepted: April 7,2016

Article in press: April 7,2016
Published online: May 28, 2016

Absiract

AIM: To evaluate the performance of elastography by
ultrasound with acoustic radiation force impulse (ARFI)
in determining fibrosis stage in patients with alcoholic
liver disease (ALD) undergoing alcoholic detoxification
in relation to biopsy.

METHODS: Eighty-three patients with ALD undergoing

detoxification were prospectively enrolled. Each
patient underwent ARFI imaging and a liver biopsy on
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the same day. Fibrosis was staged according to the
METAVIR scoring system. The median of 10 valid ARFI
measurements was calculated for each patient.

RESULTS: Sixty-nine males and thirteen females (one
patient excluded due to insufficient biopsy size) were
assessed with a mean alcohol consumption of 132.4 +
128.8 standard drinks per week and mean cumulative
year duration of 17.6 £ 9.5 years. Sensitivity and
specificity were respectively 82.4% (0.70-0.95) and
83.3% (0.73-0.94) (AUROC = 0.87) for F = 2 with
a cut-off value of 1.63m/s; 82.4% (0.64-1.00) and
78.5% (0.69-0.89) (AUROC = 0.86) for F = 3 with a
cut-off value of 1.84m/s; and 92.3% (0.78-1.00] and
81.6% (0.72-0.90) (AUROC = 0.89) for F = 4 with a
cut-off value of 1.94 m/s.

CONCLUSION: ARFI is an accurate, non-invasive and
easy method for assessing liver fibrosis in patients with
ALD undergoing alcoholic detoxification.

Key words: Alcoholic liver disease; Elastography; Non-
invasive; Acoustic radiation force impulse; Fibrosis
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Core tip: The aim of this study was to evaluate the
performance of elastography by ultrasound with
acoustic radiation force impulse (ARFI) in determining
fibrosis stage in patients with alcoholic liver disease
(ALD) undergoing alcoholic detoxification. Compared
to biopsy, ARFI is an accurate, non-invasive and easy
method for assessing liver fibrosis in patients with
ALD undergoing alcoholic detoxification, with a good
sensitivity and specificity.

Kiani A, Brun V, Lainé F, Turlin B, Morcet J, Michalak S, Le
Gruyer A, Legros L, Bardou-Jacquet E, Gandon Y, Moirand R.
Acoustic radiation force impulse imaging for assessing liver
fibrosis in alcoholic liver disease. World J Gastroenterol 2016;
22(20): 4926-4935 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v22/i20/4926.htm DOI: http://dx.doi.
org/10.3748/wjg.v22.i120.4926

INTRODUCTION

Chronic alcohol abuse is a major public health problem
worldwide. Alcoholic liver disease (ALD) is one of the
most common complications and a leading cause of
alcohol-related death, due to liver cirrhosis and its
complications. In 2004, 3.8% of all global deaths
and 4.6% of global disability-adjusted life-years were
attributable to alcohol consumption. The treatment of
alcoholic liver disease generates substantial costs for
the healthcare system'l,

Three histological lesions characterise ALD: steatosis,
steatohepatitis and fibrosis. There are different stages
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of fibrosis, the last of which is cirrhosis. In ALD, it is
important to know the fibrosis stage in order to guide
management decisions and estimate prognosis. The
appropriate intervention strategies can prevent serious
long-term outcomes'®. Patients with cirrhosis run a
greater risk of complications (portal hypertension,
hepatocellular carcinoma, ascites, etc.) and need closer
follow-up. Informing patients of their cirrhosis could
also provide an incentive to stop alcohol consumption.
However, patients with severe fibrosis or cirrhosis are
completely clinically asymptomatic for a long period of
time and can be difficult to diagnose.

Liver biopsy is the gold standard for assessment
of liver fibrosis, evaluating fibrosis, steatosis and the
necroinflammatory stage at the same time. However,
biopsy is an invasive procedure associated with
morbidity and minor complications (local discomfort
at the biopsy site, pain and transient hypotension
due to a vasovagal reaction) reported in 5%-20%
of cases and major complications (bleeding and
peritonitis) in 0.3%-0.6% of cases. The mortality
rate is 0.01%-0.3%"!, Moreover, there are other
considerations such as contraindications (ascites,
intrahepatic biliary duct dilation, coagulation dis-
orders), insufficient sampling and inter-observer
variability. A 1-d hospital stay is also necessary, leading
to significant costs.

This led to the development of alternative non-
invasive methods for assessing hepatic fibrosis in
alcoholic liver disease. Serum markers alone or in
combination with specific algorithms have been used
for the non-invasive assessment of liver fibrosis.
Examples include Fibrotest®, Forns index and APRI™*®,
The limitations of these tests are the influence of
comorbid conditions and a lack of liver specificity.
Another method involves measuring the elasticity
of liver tissue (liver stiffness) which is markedly
influenced by the stage of fibrosis. The most popular
method for measuring liver stiffness is transient
elastography (TE) by Fibroscan®, which has been
validated for hepatitis C liver disease patients. Some
authors have even combined TE and serum markers'”.

A new ultrasound technique has recently emerged:
acoustic radiation force impulse (ARFI) elastography.
ARFI could be of great utility in the measurement
of liver fibrosis in alcoholic liver disease. This non-
invasive method has the particular advantage of
combining conventional ultrasound and liver stiffness
measurement. Ultrasound is the primary imaging
technique used worldwide to evaluate diffuse hepatic
diseases. Acoustic radiation force is a phenomenon
associated with the propagation of acoustic waves
in attenuating media. The device generates a short-
duration (262 ms) acoustic pulse by ultrasound. This
pulse creates mechanical excitation and displacement
of tissue. The deformation induced by the acoustic
pulse is followed by a relaxation process after which
the tissue returns to its original configuration, gene-
rating a shear wave. The speed of this wave is cal-
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Figure 1 Image of liver stiffness measurement by acoustic radiation force impulse in patients with alcoholic liver disease. A: Acoustic radiation force impulse

examination of a patient; B: Ten values with associated depths.

culated, providing a quantitative measurement. The
shear wave speed of the tissue can be reconstructed
as soft tissues are elastic and deformed more easily
than rigid tissue.

In the past few years, ARFI has started to be
assessed in comparison to biopsy, TE and biological
markers. These studies mainly involved hepatitis B,
hepatitis C and non-alcoholic steatohepatitis (NASH).

The aim of our prospective study was to evaluate
the performance of ARFI in determining fibrosis stage
in patients with alcoholic liver disease in relation to
biopsy.

MATERIALS AND METHODS

Subjects

The local ethics committee approved this study.
All patients gave written informed consent prior to
enrolment. This study is an ancillary single-centre
study of a larger, ongoing, multi-centre trial on
validation of non-invasive fibrosis tests in ALD. Clinical
Trials Identifier: NCT01789008.

From February 2013 to June 2015, the study
was offered to all patients referred to the University
Hospital of Rennes, France, who were admitted to the
addiction treatment unit in the liver disease depart-
ment for detoxification with an indication of liver
biopsy for alcoholic liver disease. The inclusion criteria
were: patients over 18 years old, hospitalisation for
alcoholic detoxification, high-risk alcohol consumption
(more than 210 g of alcohol per week for men and
140 g of alcohol per week for women) for a cumulative
period of more than 5 years, a rise in serum aspartate
transferase (AST) greater than 1.5 the upper limit of
the normal range, associated with a rise in gamma-
glutamyl transferase (GGT) and not explained by
another cause of liver disease. When patients had
features of metabolic syndrome or were obese,
liver disease was felt to be principally due to alcohol
consumption when the AST/alanine amino transferase
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(ALT) ratio was greater than one, and GGT was
markedly high, and when the abnormalities decreased
with alcohol withdrawal. Non-inclusion criteria were:
cirrhosis already known or obvious due to clinical
and biological signs (ascites, increased prothrombin
time or oesophageal varices), other causes of hepatic
disease (viral, autoimmune or cholestatic disease) or
contraindication to biopsy. The interval between alcohol
cessation and the procedure was not more than 10 d.
Eighty-three patients were prospectively enrolled.

ARFl elastography

ARFI imaging was performed with a Siemens Acuson
S2000TM ultrasound system (Siemens AG, Erlangen,
Germany), with software version VB10D and a 4C1
curved ultrasound probe. The region of interest (ROI)
of 10 mm length and 5 mm width was placed while
performing B-mode imaging in the right lobe of the
liver at a maximum depth of 8 cm, avoiding large
vessels, biliary ducts and potential lesions (Figure 1).
The operator applied the minimum pressure required
to take the image.

Patients were in fasted state. None had cardiac
disease. They were in the supine position with the
right arm in maximum abduction and were asked to
stop normal breathing for a moment and not inhale
or exhale deeply. The aim was to minimise breathing
motion and avoid inhaling/exhaling, which are known
influencing factors'™, The probe was placed between
and parallel to the seventh to tenth intercostal space.

Ten valid acquisitions were obtained for each
patient, in the same intercostal space but with different
locations and at different depths. Each acquisition
period was about 10-15 s long. The median of all 10
acquisitions was calculated and considered as indicative
of fibrosis severity. The results were expressed in m/s.
For each measurement, the depth of the box was
given. Measurements were obtained at a depth of 1
cm from the liver capsule down to a maximum depth
of 8 cm below the transducer. If the measurement was
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Figure 2 Patient flowchart. ARFI: Acoustic radiation force impulse.

technically evaluated as non-reliable by the device,
X.XX was displayed on the screen. Reliable, successful
liver stiffness measurements were defined as the
median of 10 valid measurements with a success rate
= 60% (based on TE).

The operator was blinded for all patient charac-
teristics including clinical, biological and histological
data.

Abdominal ultrasound

Liver and abdominal ultrasound imaging was per-
formed at the same time for all patients using the
same device and probe as for the ARFI examination.
We recorded the right liver lobe size (right liver arrow),
the distance between the skin and the superficial liver
capsule, the liver structure and any focal liver lesion.

Liver biopsy

Liver biopsy was performed under percutaneous
ultrasound guidance after ARFI acquisition on the same
day. The liver samples were fixed and for each patient
three slides were stained with hematoxylin-eosin and
Sirius red. To avoid sampling errors, specimens under 15
mm long were excluded. A senior pathologist, blinded to
clinical, histological, biological and ARFI data, assessed
the liver biopsies according to the METAVIR scoring
system™. Fibrosis was staged from 0 to 4 determined
according to the METAVIR score: F = fibrosis. FO: no
fibrosis; F1: portal fibrosis without septa (minimal
fibrosis); F2: portal fibrosis with rare septa (moderate
fibrosis); F3: numerous septa without cirrhosis (severe
fibrosis); and F4: cirrhosis. Perisinusoidal fibrosis was
evaluated according to Brunt's score™®.

Clinical and biological parameters

Biological parameters were measured prior to liver
biopsy and ARFI. These included: prothrombin,
alkaline phosphatase, albumin, y-globulin, platelets,
AST, ALT, y-glutamyl transferase, iron and ferritin.
Other parameters were age, sex, body mass index
(BMI) and hypertension.
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Statistical analysis

Groups of patients were formed according to fibrosis
stage and data were expressed as mean £ SD
if normally distributed and median (range) if not
normally distributed. Comparisons between groups
were made using t-tests for normally distributed
variables, Mann Whitney U test for non-normally
distributed variables and the y* test or Fisher's exact
test for categorical variables. Spearman’s analysis was
used to determine any correlations. Optimal cut-off
values for fibrosis stages F = 2, F = 3 and F = 4 were
determined by optimisation of Youden’s index from the
AUROC curve analysis. Sensitivity, specificity, negative
predictive value (NPV) and positive predictive value
(PPV) were also calculated. The variables tested in the
univariate analysis were ARFI, effects of prothrombin,
alkaline phosphatase, albumin, y-globulin, platelets,
AST, ALT, y-glutamyl transferase, iron, ferritin, age,
sex, BMI and hypertension (P < 0.2). Multivariate
ordinal logistic regression analysis using fibrosis stage
(in three classes: FO-F1/F2/F3-F4) as the outcome
variable was used to assess the strength of the
relationship with ARFI even after adjustments for
other factors associated with fibrosis progression or
confusion factors. A P value of < 0.05 was considered
statistically significant. An algorithm was developed
using the clustering method. Statistical analyses were
performed using SAS V9.4 software (SAS Institute,
United States).

RESULTS

Eighty-two patients (69 males and 13 females) were
evaluated in the analysis. One enrolled patient was
excluded due to insufficient biopsy size (Figure 2). The
mean age of the patients was 43.8 £ 10 years and
the mean BMI was 22.9 + 4.3 kg/mz. Mean alcohol
consumption was 132.4 £ 128.8 standard drinks
(defined as 10 g of pure alcohol per standard drink
in France) per week with a mean cumulative year
duration of 17.6 £ 9.5 years. Mean biopsy size was
30.7 £ 10.5 mm. Patient characteristics and fibrosis
stages are summarised in Tables 1 and 2 respectively.
Successful liver stiffness measurements (10 valid
measurements) were obtained in 100% of patients
measured with ARFI imaging.

The median values for ARFI imaging according
to fibrosis stage are described in Table 2 (mean of
medians £ SD). The results showed a significant and
strong correlation between ARFI measurements and
the histological fibrosis stage (P < 0.0001) (Figure
3). Analyses to determine the optimal ARFI cut-off
values were performed according to stages of clinical
interest, for F = 2, = F3 and F = 4. AUROC values
were respectively 0.87, 0.86 and 0.89 (Figure 4).
Sensitivity, specificity, PPV and NPV are shown in Table
3 according to the cut-off values.
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Table 1 Clinical and biochemical characteristics of patients

with alcoholic liver disease

Table 3 Diagnostic performance of acoustic radiation force
impulse for the different liver fibrosis stages

Characteristic Normal values  Patients included
(n = 82)
Sex (male/female) NA 69/13
Age (yr) NA 43.8+10
Body mass index (kg/m’) NA 229+43
AST (IU/L) 0-35 62.0 (44-98)
ALT (IU/L) 0-35 67.0 (40-105)
y-glutamy] transpeptidase (IU/L) 5-36 316.0 (141-654)
y-globulin (g/L) 7-15 8.7 (7.4-10.4)
Alkaline phosphatase (IU/L) 30-120 90.5 (66-121)
Prothrombin (%) 70-130 101.2+12.4
Platelets (x 10°/L) 180-390 191.5+71.7
Iron (umol/L) 18-22 16.2+8.1
Ferritin (ug/L) Male: 30-300  478.0 (310.5-787.5)
Female: 20-150  404.0 (216.0-783.0)
Albumin (g/L) 40-60 39.0+4.9

Kolmogorow Smirnow analysis was performed, followed by parametric
or non-parametric tests. Mean + SD or median (25"-75" interquartile
ranges) was used respectively. AST: Aspartate transaminase; ALT: Alanine
transaminase; IU: International unit.

Table 2 Number of patients and mean values of acoustic

radiation force impulsepredicting for assessing liver stiffness
according to the different fibrosis stages

Fibrosis stage Number of ARFI (m/s)
patients

FO 13 125031
F1 35 140 0.36
F2 17 1.86  0.42
F3 4 1.83 £ 0.47
F4 13 225036
P value <0.0001

ARFTI: Acoustic radiation force impulsepredicting.

Significant variables in univariate analyses (P <
0.2) as described previously were entered into the
multivariate model (Table 4). The proportional odds
assumption was verified (P = 0.76) and the coefficient
of determination (R2) was 61%. Age = 50 [OR =
4.73 (1.43-15.66)] and y-globulin = 10 g/L [OR =
9.67 (2.19-42.63)] were independently associated
with fibrosis stage. Moreover, the relationship
between fibrosis and ARFI was still significant [40.71
(9.94-166.7)] after adjusting for those additional
parameters.

The correlation between the mean and median
of the 10 values was excellent with a Spearman
correlation coefficient of 0.98 (P < 0.001).

Medians were calculated using a different number
of values (2-9) to determine whether or not there was
a need for 10 values. The values were taken in order.
Spearman’s correlation coefficient is 0.98 between the
median of 10 and 6 values (P < 0.0001).

DISCUSSION
This study demonstrates that ARFI imaging could be
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Diagnostic parameters F=2 F=3 F=4
ARFI cut-off (m/s) 1.63 1.84 1.94
Sensitivity (%) 82.4 (0.70-0.95) 82.4 (0.64-1.00) 92.3 (0.78-1.00)
Specificity (%) 83.3 (0.73-0.94) 78.5 (0.69-0.89) 81.6 (0.72-0.90)
Area under curve 0.87 0.86 0.89
(AUROC)

PPV (%) 77.8 (0.64-0.91) 50.0 (0.31-0.69) 48.0 (0.28-0.68)
NPV (%) 87.0 (0.77-0.97) 94.4 (0.88-1.00) 98.2 (0.95-1.00)

ARFI: Acoustic radiation force impulse; PPV: Positive predictive value;
NPV: Negative predictive value.

Table 4 Univariate and multivariate ordinal regression analyses

Characteristic Univariate analysis Multivariate analysis

OR (95%) OR (95%)
P value R* = 0.61;
STPOA': 0.76
ARFI 29.06 [8.59-98.33] 40.71 [9.94-166.7]
P <0.0001 P <0.0001
Sex
Female 1
Male 2.43 [0.79-7.42]
P=0.12
Age
<50 yr 1 1
=50 yr 4.01 [1.55-10.39] 4.73 [1.43-15.66]
P =0.004 P=0.01
Body mass index 1.07 [0.97-1.18]
P=0.19
AST 1.00 [0.992-1.01]
P=0.98
ALT 0.99 [0.98-0.999]
P=0.04
y-glutamyl 1.00 [1.000-1.002]
transpeptidase P=0.05
y-globulin
<10 1 1
=10 7.42 [2.34-23.56] 9.67 [2.19-42.63]
P =0.003 P =0.004
Alkaline phosphatase 1.01 [1.001-1.012]
P=0.02
Prothrombin 0.002 [0.001-0.06]
P =0.001
Platelets 1.00 [0.99-1.01]
P=093
Iron 1.03 [0.97-1.08]
IREI0183
Ferritin 1.001 [1.000-1.002]
P =0.06
Albumin 0.90 [0.82-1.00]
P=0.05

'Score test for the proportional odds assumption.

used for the assessment of liver fibrosis in ALD. We
suggest that a median of 1.63 m/s could be used as
an ARFI diagnostic threshold for diagnosing significant
liver fibrosis (F = 2) with sensitivity and specificity
of respectively 82.4% and 83.3% (AUROC = 0.87).
Moreover, the threshold of 1.94 m/s provided a
diagnosis of cirrhosis with a sensitivity of 92.3% and
specificity of 81.6%.
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Figure 3 Relationship between acoustic radiation force impulse predicting
values and histological fibrosis stages. The relationship was significant
between the velocity of the sheer wave (median of 10 ARFI values) and the fibrosis
stage (assessed by the METAVIR score on biopsies) in all 82 patients (P < 0.0001).
The box represents the interquartile range, the horizontal line in the box indicates
the median value and the diamond indicates the mean value. The horizontal lines
above and below the box indicate the maximum and minimum values.

In alcoholic liver disease, the identification of
cirrhosis (F4) is important for optimal patient care.
The follow-up schedule includes endoscopy every
3-4 years, ultrasonography every 6 mo, hepatitis
vaccination and contraindication to certain drugs. The
identification of stage = F2 is less important clinically
than in viral hepatitis but can lead to closer medical
surveillance of fibrosis with ARFI, and even serve as
an incentive for detoxification. For both stages, the
AUROC curve value was close to 1, indicating good
diagnostic accuracy™'..

To date, the predominant and most reliable non-
invasive method for the diagnosis of liver fibrosis in
alcoholic liver disease is transient elastography (TE)!"?.
Compared to TE, ARFI has several advantages. First,
B-mode evaluation of the liver (and other organs
such as the spleen) is possible with the same device
and can therefore be incorporated into routine
ultrasound protocols, thereby reducing costs. The use
of B-mode can also determine optimal ROI placement,
preserving structures such as lesions, large blood
vessels, biliary ducts or even heterogeneous areas.
Second and probably most importantly is the liver
stiffness measurement success rate of 100%, which
was reported both in the literature and in our study,
whereas in some studies TE has a success rate of
under 70%"***, This is a major strength of the ARFI
method compared to TE. Third, ARFI imaging can be
performed in some cases where TE is not possible!’
Bota et al*® demonstrated that the presence of ascites
did not influence the ARFI measurement reliability rate,
whereas TE cannot be performed in the case of ascites.
TE is unreliable for overweight and obese patients
whereas ARFI can be performed to a maximum depth
of 8 cm. Published data also suggest that ARFI may
not be influenced by steatosis grade, unlike TE!*'7*8,
This is a clear advantage in our population, as steatosis
is often associated with ALD™®!. ARFI is also a good
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Figure 4 Receiver operating characteristic curves of acoustic radiation
force impulse predicting liver fibrosis in patients with alcoholic liver
disease. A: ROC curve for F = 2; B: ROC curve for F = 3; C: ROC curve for F = 4.

alternative for patients with contraindications to biopsy
or TE. The ARFI measurement area size of 1 cm
(compared to 4 cm for TE) can easily be offset by the
possibility of several measurements in different parts
of the liver.

Recently, studies have also started to evaluate
ARFI on hepatitis B, hepatitis C and NASH?*,
ARFI has good intra-operator and inter-operator
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Figure 5 Decision tree for acoustic radiation force impulse predicting as a screening test for F = 4.

reproducibility, as described in the Bota et af** study,
with an intraclass correlation coefficient (ICC) of 0.90
and 0.81 for intra- and inter-operator reproducibility
respectively. The cut-off values reported in the lite-
rature are different, however. In hepatitis B, hepatitis
C and NASH, cut-off values in m/s for F = 4 were
respectively 1.84 for Dong et a/'® 1.55 for Sporea
et al” and 1.9 for Yoneda et a/*®". These differences
suggest that ARFI values differ depending on the
disease, as shown in the meta-analysis by Nierhoff et
al*®, There is therefore a need to define cut-off values
for each diffuse liver disease. To our knowledge, there
is only one other study, by Zhang et al®® evaluating
the performance of ARFI imaging for the assessment
of liver fibrosis in patients with ALD in comparison
to biopsy, with an AUROC value of 0.89 for F = 4.
However, the study populations are very different.
In their international multi-centre study, Sporea et
al"! showed that the cut-off values predictive of
fibrosis stages differ between European and Asian
populations. This could explain why the cut-off values
are respectively 1.27 and 1.65for F = 2and F = 4 in
the Chinese study by Zhang and 1.63 and 1.94 in our
study, using the same ultrasound device.

Our study showed good sensitivity and specificity,
as described previously. But the excellent negative
predictive value of ARFI (98.2% for F = 4) can open
the possibility of using ultrasound elastography as a
screening test rather than a diagnostic test. A decision
tree of clinical value is proposed in Figure 5. Other larger
studies are clearly needed to confirm these results.

Our study included patients undergoing alcoholic
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detoxification. Bardou-Jacquet et a/”®”! recently
suggested that the alcohol consumption greatly
influences TE and by extension liver stiffness, but
could be a useful tool in the follow-up of patient
as an indicator of alcohol consumption beyond the
sole fibrosis evaluation. Fibrosis evaluation made
on patients undergoing detoxification is the most
common clinical situation. So, ARFI values may also
be influenced by alcohol consumption and alcohol
cessation. This may explain some mismatches
between ARFI and biopsies.

In our study, ARFI was performed according to
guidelines. In certain debatable conditions, the neutral
condition was chosen. For example, according to the
literature and the device provider’s instructions, 10
measurements were taken and the median value
was calculated, as for TE, with the patient gently
holding their breath. Ten measurements were taken
for each patient in our study, and the median was
calculated for each one. Karlas et ai®® reported that
deep inhalation on measurements could increase
values by an average of 13%, while Horster et a/**’
and Goertz et al® reported no difference. In our study,
the patients were therefore asked to stop normal
breathing for a moment. As previous studies reported
that ARFI results could be influenced by food intake,
we decided to perform ARFI in a fasted state®®®. An
interlobar difference was found in the literature!®".
Our measurements were therefore taken in the right
liver lobe in the intercostal space. This location was
chosen for several reasons. First, operator pressure
on the liver may produce false positives due to direct
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probe compression, which occurs when measurements
are taken in the left liver lobe. The measurements
were taken in the intercostal spaces so that the ribs
limit this compressive effect. Moreover, the operator
exerted minimal pressure. Heartbeat artefacts could
falsify the measurements when performed in the left
lobe. Second, the aim was to use the same location as
the biopsy. ARFI imaging was performed prior to liver
biopsy to prevent the interaction of artefacts (such as
from haematoma).

However, some findings are discordant with the
results of the biopsy, which is considered the gold
standard. One reason may be that ARFI produces mean
values for a large area in the right liver lobe whereas
liver biopsy involves taking a sample. The specimen
obtained represents only 1/50000 of the total liver
volume and it is well known that fibrosis has an uneven
distribution within the liver®?. In order to be comparable
and reliable, multiple biopsies from different locations in
the right liver lobe should be taken to gain an accurate
comparison with the ARFI values obtained in different
locations in the right liver lobe in the same intercostal
space®***, This requirement is ethically disputable.
Another solution would be to compare ARFI values and
hepatic explant findings.

In the literature, many factors have been reported
to influence ARFI values, including sex, BMI, age,
ethnicity, fasted state, depth of ROI, inflammation
grade, obstructive cholestasis and certain other
biological markers (alanine transaminase, platelets,
prothrombin time, albumin, hyaluronic acid, cholesterol,
y-globulin)*®2%?#3%3541 "1n our study, in the multivariate
analysis, statistically significant correlations were only
found for y-globulin and age. This suggests that liver
stiffness and hence fibrosis stage should be interpreted
in view of the biological and clinical findings.

Millonig et al**! suggested that liver stiffness is a
direct function of central venous pressure and Goertz
et al™ reported that heart dysfunction may impair
ARFI accuracy. None of the patients analysed in our
study had heart failure.

In the literature, the median of the values is re-
ported as being more accurate than the mean, and is
used by convention. In our study we also calculated
the mean of the 10 values for each patient. The
correlation between the mean and median was almost
perfect with a correlation factor of 0.98. This suggests
that the mean of ten values could have been used
instead of the median on our cohort of patients. Larger
studies are needed to confirm this observation.

Another disputable point is the number of 10
values chosen for the median calculation. In many
articles, the recommended number is 10. However,
even if ARFI is a fast technique, obtaining ten values
takes time. Therefore, in our study we analysed
medians calculated from 2 to 9 values (the first values)
and compared them to the median of 10 values. It
would appear that a nhumber of 6 values is sufficient
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to determine an accurate median with an excellent
correlation coefficient of 0.98.

In addition to the benefits of ARFI as a non-invasive
technique, our study has numerous strengths. This
was a prospective study of a homogeneous population
of alcoholic liver disease patients, with a delay no more
than 10 d between the procedures and the beginning
of alcohol withdrawal. The clinician, operator and
pathologist were blinded to the results. Fibrosis was
assessed by biopsy. The mean biopsy size was 30.7 £
10.5 mm with the majority larger than 25 mm. Factors
reported to influence ARFI results in the literature were
taken into consideration and generally included in the
multivariate analysis. Guidelines on the ARFI technique
were summarised and applied to the measurements
for each patient. To our knowledge, only one other
study evaluating the performance of ARFI in predicting
liver fibrosis in ALD has been published, but concerned
a different ethnic population.

There were also limitations to our study. One is
sample size. Larger studies or meta-analyses are
needed to confirm the ARFI threshold in ALD. The
comparison with TE was not done and would also be
useful. The literature suggests that liver stiffness is
influenced by inflammation™***., Inflammation was only
assessed and confirmed by transaminase levels in our
study and not by histology. Correlation with steatosis
grade was not assessed, but published data suggest
that moderate/severe steatosis is not a significant error
factor for ARFI elastography!**®,

ARFI is an accurate, non-invasive and easy method
for assessing liver fibrosis in patients with ALD. This
imaging technique can be easily incorporated into
routine patient care. Cut-off values are suggested
and require further confirmation in larger studies.
A comparison with TE and supersonic shear-wave
elastography (Aixplorer Supersonic®) would be
interesting for a complete live liver assessment.
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Background

Acoustic radiation force impulse (ARFI) elastography has the particular
advantage of combining conventional ultrasound and liver stiffness
measurement. ARFI imaging is an accurate, non-invasive and easy method
for assessing liver fibrosis in patients with hepatitis B and C. The aim of this
study was to evaluate the performance of ARFI in determining fibrosis stage in
patients with alcoholic liver disease (ALD).

Research frontiers

Liver biopsy is the gold standard for assessment of liver fibrosis. However,
biopsy is an invasive procedure. This study suggests that ARFI imaging, a non-
invasive method, could be used for the assessment of liver fibrosis in ALD.
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Innovations and breakthroughs
The study showed the algorithm between ARFI and biochemical parameters for
the prediction of presence of cirrhosis. Sensibility and specificity of ARFI were
good. The investigation was carried out within European population of patients
with ALD undergoing alcoholic detoxification.

Applications
This study is helpful for further research in Acoustic Radiation Force Impulse
imaging among patients undergoing alcoholic detoxification.

Peer-review

The study showed the interesting algorithm between ARFI and biochemical
parameters for the prediction of presence of cirrhosis. Interestingly, the
investigation was carried out within European population of patients with ALD
undergoing alcoholic detoxification. The paper makes original contribution
and it is clinically exhaustive. The manuscript is well written, seems accurate
and well organized. The authors clearly presented any doubts concerning the
investigation conducted by them.
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