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Introduction

The spectrum of diseases causing morbidity has dramatically
changedwith the turn of the century from infectious to that of
lifestyle based. Unhealthy diet and sedentary lifestyle have led
to increase prevalence of diabetes and metabolic syndrome,1

but the consequential liver involvement is often ignoreddue to
delayed warning signs, lack of safe and easy options for better
evaluation. In thedaily routine ofa sonologist at least20 to30%
of patients walk out with a report stating fatty changes of the
liver, seen across the population be it alcoholic, nonalcoholic,
women, young, and old.1 But the problem is they are limited to
having their liver enzymes tested or mostly just ignored alike
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Abstract The current unhealthy diets and sedentary lifestyle have led to increase in the prevalence of
diabetes andmetabolic syndrome globally. Fatty liver is a common occurrence in metabolic
syndrome. The liver health is often ignored due to delayed warning signs. Fatty changes of
the liver is one of the common findings in ultrasonography. Ultrasound does not detect
fibrosis except when cirrhosis is developed. Early stages of fibrosis are asymptomatic with no
significant laboratory or preliminary imaging findings.With fibrosis, the elasticity of the liver
is reduced and becomes stiffer. Over the years, many techniques have developed to assess
the stiffness of the liver, starting from palpation, ultrasonography, and recently developed
magnetic resonanceelastography (MRE). In this article,wehavetried to simplify theconcepts
ofMRE todetect fibrosis andpresent few case reports. Thebasic steps involved in generating
elastograms and interpretation with some insight on how to incorporate it into the clinical
workflowarediscussed.MRE is superior to various other available techniques andevenoffers
certain advantages over biopsy. MRE is FDA approved for liver fibrosis since 2009, yet it is
hardly used in the Indian setting. MRE is a safe and noninvasive technique to evaluate a large
volume of the liver and can be a new norm for the evaluation of fatty liver. Magnetic
resonance imaging (MRI)-based elastography techniques hold an exciting future in providing
mechanical properties of tissues in various organs like spleen, brain, kidney, and heart.
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by patients and physicians. The fatality that we are talking
about is the end stage of cirrhosis which is a silent killer,
exactly showing up when there is no point of return. It is
currently the 11thmost common cause of death globally, with
more than 2 billion people consuming alcohol worldwide, a
similar number of obese and overweight adults and over 400
million with diabetes, the importance of liver health is more
crucial than ever before.2 With the cutting edge advances in
magnetic resonance imaging (MRI), it is currently possible to
accurately assess the composition and physical stiffness of the
liver using the principle of propagation of waves and gradient-
based MRI sequences.3

A normal liver is soft and demonstrates elasticity. On
repeated insults by chronic inflammation due to multiple
factors its stiffness keeps increasing, due to developingfibrosis
and if the process continues, inevitably reaches cirrhosis and
laterhepatocellular carcinoma (HCC). In each case scenario the
stiffness keeps increasing and a tool to quantify this mechani-
cal property of tissuewill play a crucial role in early detection,
grading and assessment of treatment response.4

In this article, we try to simplify the complex processes
involved in MRI and enforce its role in justifying day to day
clinical practice. The latestMRI systems offer liver packages with
the ability to quantitatively assess the mechanical properties of
the liver alongwith add-ons like volumetric estimation of fat and
iron. These act as a tool to detect the dormant phase of reversible
liver fibrosis, hence, enabling appropriate management.

In MRI-based elastography of the liver, we cannot only
diagnose but also stage the degree of fibrosis by sampling a
large volume of the liver in an objective manner with high
repeatability, providing data that is comparable with histol-
ogy reports. This can provide a greater understanding of liver
health and needs to be a new norm in assessing liver health
especially in risk groups, considering the large population
affected by liver diseases.5

Liver Stiffness and the Progression of Fatty
Liver Disease

The most common causes of fatty liver consist of alcoholism
and metabolic syndrome. Chronic alcoholic abuse as we
knowaffects the liver via multiple pathways including direct
toxicity and fat accumulation. While metabolic causes such
as obesity, diabetes, and dyslipidemia can also cause fatty
liver, its accumulation can cause repeated injury to the

hepatocytes (►Fig. 1). Simple fatty liver or hepatic steatosis
as such does not lead to fibrosis or increase in liver stiffness,
but once inflammation sets in depending on genetic as well
as environmental factors the process of fibrosis slowly starts.
A series of repeated injury and inflammation inevitably leads
to cirrhosis and in some cases HCC (►Fig. 1). Various studies
suggest that with 1 kPa increase in liver stiffness the risk of
HCC increases by more than 3%. Hence, the main aim is to
detect these early changes in liver stiffness indicating fibro-
sis, as well as to assess the progression of the disease.6,7

Basics of Elastography

Elastography, if simply described, is a “sophisticated palpa-
tion technique” or “palpation by imaging,” a method of
evaluating stiffness of tissue.8 Earlier, stiffness was assessed
subjectively using techniques of palpation; with the ad-
vancement in imaging techniques, newer methods have
evolved. There are various types of elastography based on
the principle applied and imaging modality used, as demon-
strated in►Fig. 2. Mainly twoprinciples are used in imaging-
based elastographic techniques, static and dynamic. In
static/strain imaging, the change in shape or deforming
ability of the affected tissue is assessed in comparison with
the normal area by the application of manual compression
(►Fig. 3). This is especially useful in evaluating superficial
tissue such as muscle and breast. However, its role in
assessing deeper organs like the liver is poorer, especially
in detecting smaller changes in stiffness (stage F1 and F2 of
fibrosis). The more popular and sensitive techniques are
based on the principle of waves propagation.3 The velocity
of waves through the tissue is assessed and stiffness is
calculated (►Fig. 3). The waves can be acoustic-based like
in acoustic radiation forced impulse (ARFI) or vibration-
based like in Fibroscan andmagnetic resonance elastography
(MRE).9

Principle of MRI Elastography

Herewe use the properties ofmechanical waves to assess the
stiffness of the tissue. We know that propagating waves
move slowest in air, faster in liquid, and fastest in solids, in
other words, stiffer the tissue faster the propagation (►Figs.

3 and 4). This simple principle is used and combined with
MRI-based imaging sequences to capture the waves and

Fig. 1 Flowchart shows the progression of liver disease and increased risk of hepatocellular carcinoma (HCC).
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using algorithms to calculate the stiffness in kilopascals in
any given location in the liver. There are basically three steps
involved in the process of acquiring the final images called
elastograms.

Step 1—Production of Shear Waves
To vibrate the organ in a controlledmanner a systemof active
and passive drivers is used. The active driver is the machine
that produces the vibrations and is placed outside the MRI
room. Using an MRI compatible tube, the vibrations are
transmitted to a passive driver, with frequencies ranging
between 50 and 500Hz. The passive driver is placed over the
liver. There are a couple of types of passive drivers currently
available: rigid and flexible type. The flexible type can
conform around the chest and can produce better wave
propagation as shown in the image (►Fig. 4).

Step 2—Capturing the Propagation of Waves
The mechanical waves propagating through the organ are
captured using various sequences with added motion
encoded gradients (MEGs). The vibrations generated are
synchronized with the MEGs to sensitize the sequences to

the cyclic motion of the spin to generate images to assess the
tissue displacement (►Fig. 5). The main basic sequences
used currently are gradient echo (GRE), echoplanar imaging,
and spin-echo sequences.3,10 The resultant wave images are
evaluated on the basis of its luminosity, brighter the image
better the wave propagation forming reliable stiffness maps.
Hence, these images also play an important role in quality
control.

Step 3—Applying Inversion Algorithms to Process
Elastograms
The wave images acquired are assessed on the basis of tissue
displacement, using complex inversion algorithms. The final
images generated are called elastograms, these are color code
images showing various grades of stiffness. The colors range
from purple to red with increasing stiffness. The values are
taken in kPa and graded according to various systems
(►Fig. 6).3,10 Further, some systems apply grids over these
elastograms using confidence algorithms to mark out the
liver to obtain the most reliable value; these images are
called confidence maps.

Performing the Scan

The patient is asked to come in a fasting state of at least
4 hours, then made to lie supine on the table, after which a
disk-shaped driver with a connected tube is placed over the
lower chest wall on the right side at the midclavicular line
just over the position of the liver corresponding to the lower
end of sternum; it is harnessed tightly with a VELCRO and
then finally the body torso coil is placed over it.11 Once the
imaging starts the driver begins vibrating, transmitting the
vibrations to the liver; then usingMR-basedmotion encoded
sequences, cross-sectional images are generated. Currently,
GRE-basedMRI sequences are used, newer better acquisition
using spin-echo sequences is also available.11 Axial images
are captured by at least four slices through the widest cross-
sectional area of the liver. Each slice takes around 15 seconds
for acquisition, considering time for patient positioning and
sequence planning, a total running time of approximately
10minutes is sufficient for the whole process.

Fig. 2 Types of elastography techniques used classified based on
principle and imaging modality.

Fig. 3 These are schematic diagrams showing the difference between static and dynamic elastography. The figure on the right (a) shows how
soft and hard tissues deform on application of manual pressure; this difference is assessed in static/strain elastography. The image on the left (b)
shows how propagating waves speed up as they pass through harder tissue as compared to soft tissue, it better shown in ►Fig. 4.
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Interpretation of Data

The images generated prior to the elastogram are important
for quality assessment. Themagnitude image is evaluated for
adequate vibrations generated by the passive driver, seen as
signal drop of the subcutaneous fat just beneath the driver.
The phase and color-coded images should be assessed for
adequate propagation of waves through the liver, higher the
illumination of the wave images, better the propagation.12

The final image generated is called elastograms which are
color-graded cross-sectional images; in some systems the

liver is outlined using grids. The elastograms can provide
specific stiffness values in kilopascals in any specified region
of interest (ROI).10 The stiffness values from various ROIs are
then taken and graded on the basis of their stiffness. The ROIs
can be drawn as multiple rounds to oval areas or a large
single geographical pattern in each axial slice. But it must be
noted to avoid areas of large vessels, gall bladder, artefacts,
some vendors provide stiffness maps excluding such areas
with grids (►Fig. 8).12

The grading of fibrosis can be done in comparison to
various studies showing the stiffness of the liver and its

Fig. 5 Step two is capturing wave images. These magnitude, phase, and wave images are generated sequentially and obtained using motion-
encoded sequences for image acquisition. These images need to be assessed for quality control.

Fig. 6 Step three is applying inversion algorithms on the acquired wave images to assess tissue displacement and finally generate elastograms.

Fig. 4 Step one is producing the mechanical waves using a vibrating passive driver at a frequency of 30 to 500 Hz. The types of drivers used can
be rigid or flexible type with the latter producing better wave propagation.
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histopathological grading. The main pathological gradings
compared to are METAVIR and Batts-Ludwig. Some of the
studies with larger sample size and their results of cut off in
different grades are compared in ►Table 1. We have consid-
ered only studies that are graded on the basis of METAVIR
classification. In these studies, the stiffness values obtained

were compared to their fibrosis grading on histopathology.13

Elastograms with various stiffness values are shown
in ►Fig. 8. In the cases discussed the cut off for fibrosis
grading was set according to Yin at el.14

Role of MR Elastography with Case Reports

In our practice, we have had scenarios where the patients
were completely asymptomatic and mostly underwent the
procedure as a part of their regular health check-up.

Case 1: A 68-year-old businessman came to our hospital
for a general check-up, with a history of Type II DM for
20 years, no history of alcoholism. On examination, there
were no significant findings. His laboratory reports showed
controlled blood sugar levels with normal LFTs as well as
other blood parameters. He had some nonspecific abdominal
complaints following which ultrasonography was done and
the report was normal with liver showing normal echoge-
nicity. He also underwent an endoscopy, and it incidentally
showed few prominent varices in the lower esophagus,
sparking suspicion of portal hypertension. Hence, he was

Fig. 7 These are wave images acquired using the 3-Tesla MRI in two
different patients. Panel (a) shows a normal liver and panel (b) shows a
liver with increased stiffness, the wavelength is significantly increased
in (b) based on the principle that propagating waves move faster
through stiff tissue.

Table 1 Fibrosis grading in various studies and their cutoffs in kPa

Study year Sample size Classification used F0 F1 F2 F3 F4

Yin at el14 2007 48 METAVIR, Batts-Ludwig, Brunt 3.79 4.01 5.22 6.01 8.21

Wang et al15 2011 71 METAVIR, Batts-Ludwig, Brunt 3.33 3.90 5.43 7.70 8.87

Rustogi et al16 2012 76 METAVIR, Batts-Ludwig, Brunt 3.19 4.52 4.64 7.29 7.62

Low and Hassanein17 2012 101 METAVIR 2.35 3.92 4.34 6.12 8.06

Venkatesh et al18 2014 63 METAVIR 2.52 2.88 3.49 4.35 6.54

Ichikawa et al19 2012 114 METAVIR 2.10 2.42 3.16 4.22 6.21

Fig. 8 These are elastograms acquired on 3 Tesla MRI showing liver stiffness in six different patients demonstrating different grades of liver
stiffness. The mean stiffness values were (a) 1.5 kPa in normal, (b) 2.6 kPa in F0, (c) 3.8 kPa in F1, (d) 4.5 kPa in F2, (e) 5.2 kPa in F3, and (f) 8.7 kPa
in F4 as labeled (white arrow) on the images. The color coding changes from purple to red corresponding to increased stiffness.
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advised MR elastography of the liver as a noninvasive test,
instead of biopsy. On MR elastography, the liver showed an
extensive increase in stiffness involving the whole liver with
mean stiffness value of 8.9 kPa (►Fig. 9) and on follow-up
biopsy it showed grade f4 fibrosis (METVIR). Most of the liver
diseases are silent until it reaches a late stage, hence using
MRE as a screening tool in patients with risk factors for the
development of cirrhosis can be crucial.

Case 2: In another scenario, a male in his mid-thirties
came for the test following concerns about his liver health
due to his unhealthy lifestyle for many years. His ultraso-
nography showed grade 2 fatty liver with hepatomegaly. His
laboratory profile was well within normal limits. On MRE
there were early changes of increased stiffness all over the
liver withmeanvalue of 2.6 kPa (►Fig. 10). Since it was a very
early stage, he was advised some lifestyle modifications and
cautioned about the possibility of development of cirrhosis in
a later stage. He was also suggested follow-up scans to
evaluate treatment response. In this case, the patient was
sensitized to the changes in liver stiffness and forced him to
willfully undergo changes in his lifestyle.

It can especially play an important role in patients with
chronic hepatitis, especially type C, since many advanced
treatmentmodalities are nowavailable. Hence the grading of
fibrosis is crucial for the appropriate management; follow-
up scans will also play a vital role to assess treatment
response whichwould have required liver biopsy previously,
but with MRE it can be done safely and instantly providing
the data of a large sample of the liver. In other scenarios,
some patients with chronic medication, for example, severe
psoriasis on methotrexate, required to undergo yearly liver
biopsy for detecting fibrosis, it can be completely replaced by
MRE providing much safer and accurate insight.20

Workflow for Patient Screening

The absolute edge of elastography is in detecting the change
in liver stiffness in the very early stage of fibrosis; this can be
effectively made use of only if it is done as a screening tool. It
is not only good for detecting fibrosis but can also accurately
quantify the stiffness and grade the fibrosis. So, who should
undertake the test? We can divide the possible candidates
into two, one those who have positive liver findings on
ultrasound, like that of raised echogenicity or heterogeneous
echotexture, other should be persons with risk factors like
obesity, alcoholics, hepatitis, metabolic syndromes, and al-
tered liver enzymes. These patients are ideal to undergo the
test to provide a wholesome evaluation of liver health.
Detecting fibrosis in the early stages can be crucial since it
can be reversible and also more importantly sensitize the
patients about the same.14 Most patients after realizing that
they have a high risk of going into cirrhosis voluntarily make
huge changes in their lifestyle.

Limitations of Ultrasound-Based Techniques

Ultrasound-based techniques are definitely more affordable
and easy to use, but it comeswith lots of drawbacks. Firstly, it
provides data of a very limited area of the liver at a time and
often becomes cumbersome to evaluate the whole liver
(►Table 2). It can lead to missing areas of focal fibrosis.
Effective evaluation is often limited by body habitus be it
obesity, intervening ribs, or interpolated bowel. These meth-
ods are often very dependent on the operator and large
interobserver variability is noted. In many cases, it is just
qualitative and specific stiffness values are difficult to
attain.2

Technological Superiority of MR
Elastography

MRI has already established itself as a gold standard in
soft tissue imaging, combining that with properties of
propagation of mechanical waves through the liver and we
have a tool that can provide information at a more
advanced level. A biopsy is considered the gold standard
in detecting fibrosis, but it is accompanied by a lot of
limitations, firstly sampling error, the sample assessed is

Fig. 9 A 68-year-old male came for a general check-up, with a history
of type II DM for 20 years, with no history of alcoholism. These are
magnitude (a), phase (b), wave (c), and elastogram (d) images
obtained using the 3-Tesla MRE showing significantly increased
stiffness, with mean liver stiffness measurement of 8.9 kPa.

Fig. 10 These are wave (a) and elastogram (b) images obtained using
the 3-Tesla MRI showing mildly increased stiffness with a mean value
of 2.6 kPa suggesting grade F0 of fibrosis.
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very small, about 1/10,000 the volume of liver, if a sample
is taken from the wrong area even high-grade fibrosis will
appear as normal or vice versa. It is also often associated
with high interobserver variability. MRE can in fact aid
biopsy in a huge way by providing the exact areas of
increased stiffness for procuring better samples. Biopsies
are painful and uncomfortable procedures while also
related to mortality and morbidity.21 Compared to the
ultrasound-based techniques, instantly we have access to
the whole liver without any limitations of body habitus.
There is a limited role of interobserver bias as the data is
completely autogenerated.

Pitfalls of MRI Elastography

The liver stiffness can increase due to various factors other
than liver fibrosis, like in postprandial state, as the mesen-
teric circulation increases the blood flow to the portal
system also increases, the normal liver being much more
elastic does not cause much change in stiffness. But in the
setting of fibrosis, the elasticity of the liver is reduced and
hence shows a much higher value of stiffness. Inflammation
of the liver can be challenging as it is difficult to distinguish
from that of actual fibrosis. Alcohol being hepatotoxic, its
intake can also increase stiffness by causing acute inflam-
mation. Similar conditions like hepatic congestion, chole-
stasis, and infiltrative processes can increase liver stiffness
(►Table 3).10

Contraindications of MRI Elastography

Main contraindications include non-MRI compatible
implants and claustrophobia. Apart from these contraindi-
cations indicated in general for MRI, specific contraindica-
tions include iron overload and ascites.11 Iron interferes with
the gradient sequences used, thereby interfering with image
acquisition. The vibrations from the passive driver can be
unbearable to some and accentuate claustrophobia. The
newer sequences enable good results in cases of ascites also.

Added Advantage

As a part of the MRI sequences used, we often obtain T2-
weighted coronal and axial sections for comparison and it
helps in the screening of the pancreas, gallbladder, and
spleen often aiding the discovery of incidental lesions that
may be missed in ultrasound.

Fat Quantification of the Liver as an Addon

Even though fat quantification is based on a completely different
principle, it can be performed as an add on. Using a simple 40-
secondsequencewecanaccuratelyestimate thepercentageof fat
and iron in the whole liver with the help of a completely
automated process (►Fig. 11). These are based on principles of
chemical shift imaging. There are even options to assess the fat
and iron inanyspecificareamanually.Byquantifying fatand iron,
it adds an extra dimension of chemical composition.

Table 3 Various pitfalls and causes

Pitfall Cause Solution

Post-prandial status Increase in portal circulation resulting in false
stiffness values, more prominent in diseased
liver.

Fasting of at least 4 h before the scan.

Iron overload in liver Due to the paramagnetic properties of iron it
interferes with image acquisition.

Good results if the scan is done post
phlebotomy.

Inflammation Increased stiffness in hepatitis or direct injury
due to alcohol binging.

Restrain from alcohol prior to the procedure
and compare lab parameters.

Hepatic congestion Reduces the elasticity. Specific peripheral pattern of increased
stiffness.

Table 2 Comparison of currently used elastography technique

Type Cost Accuracy Sample
size

Advantage Limitation

Static/Strain
elastography/ARFI

Low Low, less sensitive
to lower grades
of fibrosis

Small Available in most
USG machines

Body habitus, interob-
server variation, poor
sensitive, ascites

Transient elastography/
Fibroscan

Low High Small Accurate and cheap Body habitus, ascites

MRE High High Large Not limited by body habitus,
no inter-observer bias.

Iron deposit and
ascites

Abbreviations: ARFI, acoustic radiation forced impulse; MRE, magnetic resonance elastography; USG, ultrasonography.
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In general, a myth persists that more the fat deposited in the
liver more will be its stiffness. However, there are a number of
studies stating there is no relation between the simple steatosis
and fibrosis.22 Initial studies using ultrasound-based elastog-
raphy techniques suggested an increase in stiffness of the liver
corresponding to thefatdeposit,nowit isknowntobecausedby
a phenomenon called dispersion.23 Even though fatty liver
disease carries a risk of development of fibrosis in the future,
it is notdependenton theamountof fat and ratheron individual
variability. Fibrosis only starts setting in when steatosis enters
the stage of steatohepatitis.

Recent Advances in Elastography

The application of elastography is now being extended to
various other deep-seated organs facilitated by MRI-based
techniques and modified driver systems. Spleen stiffness
assessed in combination with liver stiffness can give a much
better prediction of portal hypertension as compared just
spleen length.24 Renal elastography can also be done; early
studies have showndecreased stiffness in cases of hepatorenal
syndrome.25 Multi-frequency MRI techniques have led to the
application in study of viscoelastic properties of the brain to
better understand various degenerative conditions and better
characterization of tumors.26 It also helps in better evaluation
of tumors in themultiparametric approach of breast lesions.27

Early studies promise its use in assessing cardiac contractili-
ty,28 muscle tension,29 cervix,30 uterus,30 and pancreas.31

Conclusion

MRE has been FDA approved and is being used for detecting
liver fibrosis since 2009, however, it is rarely being used in
the Indian setting. It is a safe, noninvasive, and accurate
technique to evaluate liver stiffness. It is superior in many
aspects to ultrasound-based techniques and has certain
advantages compared to biopsy. Considering the amount of
population affected by liver diseases and advancement in
treatment options, MRE can play an impactful role in early
diagnosis, staging, and treatment response. MRI-based elas-
tography techniques hold an exciting future in providing
mechanical properties of tissues in various organs which are
otherwise inaccessible by conventional methods.
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