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Technical Note

Measurement of Liver Stiffness With Two Imaging
Techniques: Magnetic Resonance Elastography and

Ultrasound Elastometry

Sabine F. Bensamoun, PhD,'* Lu Wang, MS,! Ludovic Robert, Mr,?
Fabrice Charleux, MD,? Jean-Paul Latrive, MD,® and Marie-Christine Ho Ba Tho, PhD!

Purpose: To cross-validate the magnetic resonance elas-
tography (MRE) technique with a clinical device, based on
an ultrasound elastometry system called Fibroscan.

Materials and Methods: Ten healthy subjects underwent
an MRE and a Fibroscan test. The MRE technique used a
round pneumatic driver at 60 Hz to generate shear waves
inside the liver. An elastogram representing a map of the
liver stiffness was generated allowing for the measurement
of the average liver stiffness inside a region of interest. The
Fibroscan technique used an ultrasound probe (3.5 MHz)
composed of a vibrator that sent low-frequency (50 Hz)
shear waves inside the right liver lobe. The probe acts as an
emitter-receptor that measures the velocity of the waves
propagated inside the liver tissue.

Results: The mean shear stiffness measured with the MRE
and Fibroscan techniques were 1.95 + 0.06 kPa and 1.79 +
0.30 kPa, respectively. A higher standard deviation was
found for the same subject with Fibroscan.

Conclusion: This study shows why MRE should be inves-
tigated beyond the Fibroscan. The MRE technique provided
elasticity of the entire liver, meanwhile the Fibroscan pro-
vided values of elasticity locally.
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THE QUANTIFICATION OF hepatic fibrosis is of major
importance during chronic diseases of the liver, among
which the therapeutic indications and the diagnosis
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depend on it widely. The histological examination, ob-
tained by biopsy, was for a long time considered the
preferred reference examination, allowing an evalua-
tion of the fibrosis. However, the limits of the biopsy
(rarely arising but sometimes serious complications,
invasive and possibly painful procedure, variability of
interobservers, fluctuations in samples) led to a search
for and the development of noninvasive alternative
methods that are more easily repeatable. The measure-
ment of indirect markers (prothrombin rate and plate-
let) or direct (hyaluronic acid) can be used but their
performance is sometimes limited. The mixture of sev-
eral biological markers to estimate a score of fibrosis
provides satisfactory but still imperfect results, notably
for the intermediate stages of fibrosis. Among the dif-
ferent proposed tests the Fibrotest, validated for
chronic hepatitis C, was the most studied. The Fibro-
Meters are of more recent development and several
types are proposed according to the etiology of the
chronic hepatic disease (virus, alcohol, metabolic syn-
drome). The results are expressed in a score with equiv-
alence in stage METAVIR (histological stage) and in
area, allowing an estimate of the percentage of fibrosis
developed in the liver. The lack of reliable noninvasive
results shows that there is a need for noninvasive tech-
niques.

Recently, elastometry or Fibroscan based on tran-
sient elastography has been clinically used to measure
the level of liver stiffness with a modified ultrasound
probe (1). The distorted samples, underlined for the
histological examination of the liver, are lesser because
this ultrasound technique investigates a volume ~100
times superior to that of the fragment obtained by bi-
opsy. Several studies showed that ultrasound-based
transient elastography technique is an alternative tech-
nique to liver biopsy to detect cirrhosis (2). Moreover,
liver stiffness, measured with the Fibroscan, was cor-
related with the fibrosis stage, confirmed with biological
markers and histological analysis (3-5). However, obe-
sity and hepatic steatosis are still a limit for the Fi-
broscan technique because the waves are rapidly (6)
attenuated in the presence of subcutaneous tissue. The
simplicity of the method and its performance quickly
facilitated its clinical development during the various
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chronic liver diseases. The combination of elastometry
and biological markers allows, when there is concor-
dance, an increase in the performance of these nonin-
vasive methods.

Another imaging technique, called magnetic reso-
nance elastography (MRE), still in clinical research, is
able to measure the stiffness of different soft tissues
(7-9). Studies demonstrate that the MRE technique is a
feasible method to stage liver fibrosis and diagnose cir-
rhosis (10-12). In addition, the MRE technique was
applied to a knockout animal model of liver fibrosis
demonstrating the potential of the MRE technique to
track and to evaluate the methods of treatment, and to
validate future therapies for patients with liver diseases
(13). MRE allows for the study of the totality of the
hepatic gland, and is not limited by the existence of
obesity, and could constitute a complementary or alter-
native technique, notably when MRI is indicated, to
depict liver diseases.

The purpose of this study was to cross-validate the
MRE technique with a routinely used clinical device,
the Fibroscan technique.

MATERIALS AND METHODS
Participants

Ten healthy volunteers (five men, five women, age
33.5 = 10.1, range 25-55, body mass index [BMI]
24.21 = 2.60) underwent an MRE scan followed by a
Fibroscan exam. The study was approved by the Insti-
tutional Review Board and written informed consent
was obtained.

Experimental Setup for MRE

The experimental setup was designed similar to a pre-
vious study (13) and is briefly summarized here. During
the MRE experiment the subjects were imaged in the
supine position with a 1.5T Signa MRI scanner (General
Electric, Milwaukee, WI) and the body coil was used. An
acoustic driver (diameter: 16 cm) was placed on the
abdomen over the liver (Fig. 1b). One extremity of the
driver was connected to a large active loudspeaker that
generates acoustic waves at 60 Hz inside the liver.

A gradient-echo sequence was used to obtain a coro-
nal image of the liver. To determine the best images
representing the entire hepatic gland, two series of par-
allel slices (thickness: 10 mm) across the liver were
drawn and axial images were obtained (Fig. 2a). Two
presaturation bands were placed on each side of the
selected slices to avoid flux artifacts. MRE images (Fig.
2b) were obtained with a motion-sensitized gradient
echo sequence, collected at four time offsets (phase
offsets) between the start of the motion and the motion-
encoding gradients. Each scan took 16 seconds (32
discarded acquisitions at the beginning of the se-
quence) to acquire and during each time of acquisition
the subject held his/her breath to avoid motion of the
liver caused by displacement of the diaphragm.

The acquisition matrix was 256 X 64 (which was
interpolated to 256 X 256), the flip angle was 30°, the
field of view was 34 cm, the received bandwidth was
15.63 kHz, the frequency direction was R/L, and the
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signal-to-noise ratio (SNR) was 100%. The TR was 100
msec and the TE corresponded to the minimum echo
time (26.8 msec) that allowed for motion encoding.

Image Processing and Data Analysis

The entire shear stiffness (u) of the liver was measured
inside a region of interest (ROI) of the elastogram (Fig.
2c), which was generated by a direct inversion algo-
rithm (14), using the formula p. = p*(f*\)2, where p is the
density of hepatic tissue (rough estimation: 1000 kg/
m?), fis the acoustic wave frequency (60 Hz), and \ is
the wavelength propagating inside the liver.

Experimental Setup With Fibroscan Technique

The experimental setup was designed similar to a pre-
vious study (13) and is briefly summarized here. During
the Fibroscan experiment the subjects laid down with
the right arm in maximal abduction. An ultrasound
probe (3.5 MHz) was placed between intercostal spaces
(Fig. 1a). A vibrator located on the probe sent low-fre-
quency (50 Hz) shear waves inside the right lobe. The
probe is an emitter-receptor that measures the velocity
of the waves propagated inside the liver tissue.

Image Processing and Data Analysis

The signal recorded during the ultrasound test is rep-
resented through an elastogram reflecting the depth of
propagation as a function of the acquisition time (Fig.
3). The liver stiffness (Young’s modulus) is represented
by the slope of the straight line. Young’s modulus was
calculated as an average of 10 validated measurements.
The acquisitions are defined as valid when the shape of
the signal recorded during the ultrasound test shows a
crimp behavior reflecting the hepatic tissue. The waves
were propagated at a depth of 60 mm and Young’s
modulus was calculated with the following equation:
E = 3p.

Statistical Analysis

T-tests were performed with the software Statgraphics
5.0 (Sigma Plus, Bethesda, MD) in order to compare the
liver stiffness measured with the 2D MRE and the Fi-
broscan techniques (P < 0.05).

RESULTS

Figure 4 shows the shear stiffness obtained with both
imaging techniques for each subject. The average shear
stiffness () of the entire liver, measured with the MRE
technique on both acquired slices, was 1.95 = 0.06
kPa. Young’'s modulus measured with the Fibroscan
technique was 5.37 = 0.90 kPa. Considering that the
hepatic tissue was homogeneous and has an isotropic
behavior, the shear stiffness (n) obtained with the Fi-
broscan should be (.. = E/3) 1.79 = 0.30 kPa. We can
conclude that the shear modulus obtained with the
MRE and Fibroscan techniques are in the same range
and no significant difference was found between the
liver stiffness measured with either imaging technique.
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Figure 1. Position of the ultrasound probe (a)
and acoustic driver (b) used for the ultrasound b
elastometry and MRE techniques, respectively.
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Figure 2. a: Anatomical image of the liver tissue. b: Phase image. c: Elastogram with ROI where the shear stiffness is measured.
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Figure 3. a: Signal recorded during the ultrasound test. b: Elastogram representing the depth of propagation depending of the
acquisition time. The Young modulus is represented by the slope of the straight line.

MRE liver stiffnesses measured inside the region of
interest (Fig. 2¢) were in the same range (2.1 * 0.3 kPa)
as the literature for healthy subjects (13). Moreover, in
one healthy subject (#7) tested with the MRE technique
the presence of cysts inside the bladder was found.
Figure 5b,c shows the shear waves circle this obstacle.
This result demonstrated the sensitivity of the wave to

[liFibroscan
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the intrinsic structure of the hepatic tissue and the
advantage of the MRI acquisition to visualize the entire
hepatic gland, allowing for the depiction of abnormal
structures.

Among the group of subjects tested with the Fi-
broscan, two supposed healthy volunteers had a Young
modulus superior to the normal (6 kPa) reference. The
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Figure 4. Comparison be-
tween stiffnesses obtained with
the MRE and Fibroscan tech-
niques
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c Shear Stiffness (kPa)

Figure 5. a: Anatomical image of the liver tissue with the presence of cysts inside the bladder. b: Phase image showing the shear
waves circle the cysts. c: Elastogram with ROI where the shear stiffness is measured.

Young modulus recorded for subject #1 and subject #3
was 7.7 = 0.79 kPa and 8.4 = 1.67 kPa (range, 5.3-9.5
kPa), respectively. Consequently, the high stiffness
measured for subject #1 and subject #3 led the physi-
cian in charge of this ultrasound test to prescribe a
blood test to validate the Fibroscan result and to iden-
tify any cause of liver disease. It was expected that a
modification in the amount of prothrombin or hepatic
serology would be found. Contrary to expectation, the
results of the blood test were satisfactory. To verify the
result obtained with the first Fibroscan, subjects #1
and #3 underwent another Fibroscan. The stiffness
measured for subject #3 was back to normal (4.73 *
0.84 kPa; Fig. 4), while subject #1 still had liver stiff-
ness (6.7 kPa) above the normal rate (6 kPa).

As a result, two different expert physicians realized
the Fibroscan test on both volunteers and the Young
modulus measured for subject #3 was very different
(3.7 kPa) between these two operators. Moreover, the
large range of stiffness (subject #3: 5.3-9.5 kPa) re-
corded with the Fibroscan technique could influence
the diagnosis of liver fibrosis. Figure 4 shows a higher
standard deviation with the ultrasound elastometry
technique compared to the MRE technique, which is
not influenced by such parameters (operator, place-
ment of the probe, etc). This result shows that some-
times the Fibroscan could be unreliable.

The total imaging time of acquisition for both tech-
niques was approximately the same. The Fibroscan
method needs to measure 10 valid values to have a
correct stiffness. These 10 values could take time to
record whether the subject has a small intercostal
space or abundant subcutaneous tissue. The operator
must take time to find an area to place the probe in
order to have a correct propagation of the wave inside
the liver. The setup of the MRE technique may be longer
but once the MRI and MRE sequences are running the
stresses obtained with the Fibroscan are not present
with the MRE technique. The reproducibility performed
on subjects #1, #3, and #5 with both techniques is less
for the MRE technique: 0.33 kPa (ultrasound elastom-
etry) and 0.08 kPa (MRE).

DISCUSSION

This study is the first to compare the MRE and Fi-
broscan techniques on the same subjects. The original-
ity of this study was first to attest the feasibility of MRE
to measure liver stiffness and second to show why MRE
should be investigated beyond the Fibroscan. The fea-
sibility was proven with similar liver stiffnesses mea-
sured between both methods, which demonstrates the
capability of the MRE technique to measure liver stiff-
ness.

However, a greater variation of stiffness was found
with the Fibroscan compared with the MRE technique.
This variation may be related to the thickness of sub-
cutaneous fat above the ribs the blood flow circulation.
In addition, the shift of the probe during the exam using
Fibroscan may influence the direction of the wave pres-
sure and consequently the liver stiffness measurement.
This demonstrates the sensitivity of the Fibroscan tech-
nique to local measurements (due to the focalized
transducer) which can only evaluate a fragment of he-
patic tissue. This large range of stiffness obtained for
the same subject may influence the diagnosis of the
fibrosis, which should be confirmed with an additional
exam. Moreover, patients with ascites or obesity are
excluded from the Fibroscan because the shear waves
are not clearly propagated due to thick subcutaneous
tissues. Conversely, MRE can be performed for different
kinds of patients, even with obesity, ascite, etc.

The MRE technique should be investigated further
because MRE can evaluate the morphology of the entire
hepatic gland and detect possible anomalies, such as
liver injury or portal hypertension, within the same
examination. Finally, the MRE technique provided elas-
ticity of the entire liver, while the Fibroscan technique
provided values of elasticity locally.
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