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ABSTRACT

Currently, liver disease is widespread and the awareness of these diseases is low. Early symptoms of liver disease do not necessarily
indicate problems with this organ and patients are usually informed of their problems when the stage of the disease is already
advanced. Invasive biopsies are the clinical diagnostic method most commonly used in the evaluation of liver disease. A biopsy
is associated with a high risk of false results and additional complications. Finding new non-invasive imaging methods has led
to the discovery of a new method called Magnetic Resonance Elastography (MRE). This technique allows one to evaluate the
mechanical properties of tissues and to distinguish between pathological states. Testing using this technique can be performed
on a conventional magnetic resonance system by using few additional components and properly prepared software. Studies
have shown that there is a strong correlation between MRE-measured liver stiffness and the degree of fibrosis. MRE is also
useful in characterizing liver tumors. Studies show that this technique is highly credible in both health volunteers and patients
with liver fibrosis. MRE has tremendous diagnostic potential. The described technique is not currently widely used and has the
potential to serve as a safe and accurate alternative in clinical diagnostics in the future.
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Introduction In most cases, people with liver disorders and patholo-
The frequent occurrence of liver disease is a common gies are not aware of them at all. The most common dis-
problem in society. Nationwide polish studies of the eases affecting the flesh of the liver are acute and chronic
elderly showed that over 37 % of people had Non-Alco- hepatitis B and C. Also prevalent are liver cirrhosis such
holic Fatty Liver Disease (NAFLD), and the incidence of as alcoholic or nonalcoholic fatty liver as well as various
advanced fibrosis in the general population was 7.79 %."! types of tumors.>® NAFLD is the most prevalent dis-
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ease.%’ Liver cirrhosis associated with liver fibrosis is a
serious and irreversible disease whose development (in
case of early detection and use of appropriate treatment)
can be slowed.®® Liver cirrhosis is a progressive fibrosis
of the liver parenchyma which leads to destruction of
its structure.’'? Early symptoms of liver disease do not
indicate problems with this organ. Often, sick people
learn about their problem when the stage of the disease
is already very high.

Currently, the most popular method for assessing
liver disease is invasive biopsy. This method is associated
with a high risk of complications."*'* The advantages of
biopsy are a direct assessment of the degree of fibrosis
and other pathological lesions (presence of fat, iron in
the liver, biliary tract disease).'>'¢ A limitation of biopsy
is that cirrhosis may not be detected if the liver biopsy
specimen is insufficient (too small) or taken from a healthy
segment.”'® Biopsy is also associated with a high risk of
false positives and additional complications. Another dis-
advantage is the high cost of performing a liver biopsy.
Biopsies require a trained physician and hospitalization
is often required."*

The search for new non-invasive imaging methods
led to the discovery of a new method called Magnetic
Resonance Elastography (MRE).” This technique allows
one to evaluate mechanical properties of the tissue in
vivo and as such, can used to provide quantitative imag-
ing of stiffness of the liver.**?¢'This technique was intro-
duced in clinical practice in 2007 and is currently used
in more than 600 sites worldwide.”” MRE is currently
available in several centers in Poland including the Cen-
ter for Innovation and Transfer of Natural Sciences and
Engineering Knowledge, the University of Rzeszow and
the Department of Radiology and Diagnostic Imaging,
Nicolaus Copernicus University in Bydgoszcz. This review

describes the MRI technique and its clinical use in liver
testing. The topics covered will be NAFLD, liver fibrosis,
hepatitis B and C.

MRE of the liver - technique and operation of
the system

The liver MRE is a technique that lasts for several minutes
and takes place in a lying position. This technique can
be used on a conventional MR system. MRE requires the
installation of additional equipment to generate mechan-
ical waves and special software. MRE can be divided into
three stages: (1) generating mechanical waves in the tissues
of interest; (2) use of a special sequence of motion-en-
coding gradients (MEGs); (3) processing of wave images
by means of an automated inversion algorithm and the
formation of quantitative images, called elastograms,
that depict the stiffness of tissue. In the liver MRI tech-
nique, mechanical waves with a frequency of 60 Hz are
used.” The mechanical properties of liver tissue can be
assessed since waves dissipate faster in stiffer tissue than
in a normal liver.

Mechanical shear waves are generated by an acous-
tic driver outside the magnet space. Then the waves are
transmitted through the connecting Tube to a disc-shaped
passive driver that is placed in contact with the patient
body over the liver (Figure 1). An elastic strap is used to
ensure continued contact of the passive driver with patient
body. Source of elastic waves (active driver) is synced to a
MRI sequence from the scanner as described by Venkatesh
et al.®® The vibrations used in the liver MRE technique
are well tolerated and do not affect the patient’s comfort.

Measuring liver tissue motion by a passive driver
with MRE is based on an MR imaging technique called
phase-contrast MRL.* MR imaging is performing during
continuous harmonic motion in the liver tissue, and MEG

Figure 1. Scheme of a liver MRE system. 1 — Active Driver (source of mechanical waves placed outside the MR room);
2 - Connecting Tube (plastic tube transmitting acoustic vibration); 3 — Passive Driver (non-metallic element with flexible

membrane, located on the liver); 4 - magnet; 5 - patient
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oscillating at the same frequency. A special MR_Touch
sequence is used in the MRE study. In this sequence, 4-8
layers of 6-10 mm thickness are used to produce liver stift-
ness maps. Each segment/layer requires a breath hold for
about 16 seconds. During the breath-holding sequence,
images of the pattern of propagating waves in the liver are
generated. Upon completion of the study, wave images
are automatically processed using an algorithm called an
inversion algorithm to generate elastograms which are
images of tissue stiffness. These images represent stiffness
in units of pascals (Pa). Elastograms can be displayed in
a color scale (range 0-8 kPa or 0-20 kPa) or in grayscale.

Stiffness of the liver is assessed by determination
of a region of interest (ROI’s) on elastograms. The ROI
should be placed in the liver area taking into account
the offset from the edge of the liver. Stiffness of a healthy
liver should not exceed 2.93 kPa.?**** In the case of cir-
rhotic liver the shear waves are longer than the shear
waves in the normal liver on wave images. MRE liver also
serves as a good tool for characterizing liver tumors. In
studies by Venkatesh et al., malignant neoplasms have
been shown to be significantly more rigid than benign
tumors.’!

The liver MRE can be made in the majority of patients
meeting the requirements of conventional MRI.3% The
study should be performed in fasting status, especially in
patients with chronic liver disease.*

Detection of Liver Fibrosis using the MRE
method

Hepatic fibrosis is easy to recognize using MRE. If the
measured stiffness of the liver is greater than 2.93 kPa
then more stages of fibrosis can be determined with high
sensitivity and specificity.**** Over the past ten years, more
than 1,500 publications have been published describing
the use of MRE for the detection of liver fibrosis (Fig. 2).
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Liver fibrosis causes mechanical changes in the liver
which are characterized by increased stiffness.? In fur-
ther advanced stages of fibrosis, the stiffness of the liver
parenchyma increases as described in a study by Yin M.
et al.”® MRE makes it possible to differentiate patients with
advanced degrees of fibrosis from patients with less fibro-
sis.2526:30333 Ip addition, this method allows detection of
elevated stiffness caused by liver fibrosis, while the use of
conventional imaging techniques shows no morphologi-
cal changes or other anatomical features of liver fibrosis.””
This is an important feature of this method, which can help
in a successful diagnosis allowing for early treatment in
chronic liver disease. Starting treatment at an early stage
often prevents the development of the disease. In studies
by Yin et al. from the Mayo Clinic, where 1377 subjects
were examined, a high technical efficiency of 94.4 % was
demonstrated.” In addition, mean liver rigidity was sig-
nificantly higher in patients with advanced fibrosis (stage
F3, F4 in METAVIR scale) than in patients with mild to
moderate fibrosis (stage FO to F2). Increased liver stiffness
may be caused by conditions unrelated to liver fibrosis.
Increased stiffness can affect, among others, acute hepa-
titis or acute biliary obstruction. Research conducted by
Arena et al. have confirmed that acute inflammation of the
liver without presence of fibrosis affects liver stiffness.”

Fatty liver, chronic hepatitis and other liver
pathology in MRE technique

Nonalcoholic fatty liver disease is becoming more prev-
alent throughout the world and is often the main cause
of chronic liver disease.* This disease is associated with
many characteristics such as obesity, insulin resistance,
hypertension and diabetes.* Many studies have confirmed
that MRE liver can accurately distinguish simple fatigue
from nonalcoholic steatohepatitis (NASH) and steatohep-
atitis with fibrosis.**** In addition, the MRE technique is
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Figure 2. Number of publications in the PubMed National Center for Biotechnology Information (NCBI) for “magnetic

resonance elastography liver fibrosis” from 2007 to 2017
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helpful in evaluating and treating metabolic disorders.
In NAFLD patients, lipid stiffness alone does not have a
significant effect on liver stiffness, as shown by Yin M.
et al.” However, studies by Chen J. et al. show that if the
disease progresses to inflammation, the MRE technique
allows the stiffness of the liver to be assessed before the
onset of fibrosis.*?

The Atsushi Nakajima team conducted a study of
142 patients with NAFLD to determine the accuracy of
MRE and Transient Elastography (TE) in the classifica-
tion of fatty liver and liver fibrosis in NAFLD patients.*
These studies have shown that the diagnostic accuracy
of MRE for liver fibrosis was found to be higher than
that of clinical scoring systems and TE. In the study, 7.1
% of patients with advanced fibrosis (F3-F4 stage) were
diagnosed by TE as “mild fibrosis” among 127 NAFLD
patients, while only 2.8 % patients with advanced fibro-
sis were diagnosed using MRE as “mild fibrosis” Out
of 142 patients with NAFLD. The results show that TE
may misclassify patients with advanced fibrosis as com-
pared with MRE.

MRE works very well for patients with chronic hep-
atitis C. This technique allows you to evaluate the liver’s
response to treatment. The hepatic stiffness measured by
MRE in a patient with chronic hepatitis C can reduce to
normal, suggesting proper drug therapy has been used.*
Conducting cyclic liver MRE studies for patients with
chronic hepatitis allows for the definition of progression
or regression of disease.

Liver research conducted by Rohit Loomba et al. using
MRE in patients with NAFLD has shown that a reduction
in body mass index (BMI) of at least 5 % has a significant
effect on the reduction of liver stiffness.”

MRE studies may be useful in the characterization
of liver tumors. Studies conducted by Venkatesh et al. in
liver examinations using MRE showed that benign liver
tumors exhibited lower or similar stiffness to normal
hepatic tissue. Malignant lesions, in the majority of cases,
are more rigid than those of benign hepatic tumors. In
each of 29 patients with malignant tumors, tumor stiff-
ness was more than 5 kPa.*® Other studies conducted at
the Mayo Clinic, in turn, aimed to establish a correlation
of tumor stiffness with histopathology features in patients
with hepatocellular carcinoma (HCC). In this study, 21
patients with confirmed HCC were examined using MRE.
The obtained data showed that tumor stiffness by MRE
may be differentiated by HCC tumor grade.*

Summary

MRE is a non-invasive method for evaluating tissue stiff-
ness. In liver MRE studies, it is important to know the
presence of conditions that increase stiffness in order to
properly interpret the results of MRE in the patients stud-
ied. Another important feature of MRE is the possibility of
creating a spatial map of liver fibrosis that may be helpful

in biopsy planning.*> Numerous publications have shown
that MRE is beneficial as a clinical tool for the diagnosis
of hepatic fibrosis. MRE can be particularly important for
patients taking medication to inhibit liver fibrosis. This
technique is useful in the treatment of chronic liver dis-
ease. MRE allows to characterize focal lesions and estimate
liver fibrosis. The enormous diagnostic potential of this
method, which is outlined in the cited papers, is capable
of providing a significant improvement in the diagnosis
of liver disease. Continuous research using this technique
is aimed at refining it and optimizing this method for
subsequent clinical use. In conclusion, more and more
evidence indicates that the MRE technique, thanks to the
information it brings, can become an important element
in the detection and characterization of cancer and the
diagnosis of disease.
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