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Abstract

Magnetic resonance elastography (MRE) of the liver has emerged as the non-invasive standard
for the evaluation of liver fibrosis in chronic liver diseases (CLDs). The utility of MRE in

the evaluation of different CLD in both adults and children has been demonstrated in several
studies, and MRE has been recommended by several clinical societies. Consequently, the clinical
indications for evaluation of CLD with MRE have increased, and MRE is currently used as an
add-on test during routine liver MRI studies or as a standalone test. To meet the increasing clinical
demand, MRE is being installed in many academic and private practice imaging centers. There

is a need for a comprehensive practical guide to help these practices to deliver high-quality liver
MRE studies as well as troubleshoot the common issues with MRE to ensure smooth running of
the service. This comprehensive clinical practice review summarizes the indications and provides
an overview on why to use MRE, technical requirements, system set-up, patient preparation,
acquiring the data, and interpretation.
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Introduction

Chronic liver disease (CLD) is a growing burden on the global health system and is a major
cause of morbidity and mortality [1]. In the USA alone, the projected economic impact

on the healthcare system is $1 trillion for 2024 [2]. Histological fibrosis and inflammation
evaluations from liver biopsy samples are the currently accepted gold standard for diagnosis
and also provide useful information such as the underlying etiology of CLD [3]. While

liver biopsy is the standard for diagnosis, there are many technical and practical limitations
for widespread use in the growing population with CLD. Widely recognized limitations of
liver biopsy include pain, bleeding, sampling error due to small sample size, inter- and intra-
reader (pathologist) variability, high cost, liver disease heterogeneity, patient reluctance,

and a very small risk of death [4]. Biopsy also can be technically challenging in obese
individuals [5]. Due to these factors, repeated biopsies for long-term monitoring and for use
in clinical trials for response assessment are typically not practical and noninvasive tests

are needed. While fibrosis can be directly visualized at histology, noninvasive techniques
can use surrogate biomarkers to indirectly assess fibrosis. One such noninvasive technique
is magnetic resonance elastography (MRE). Liver fibrosis is associated with increased
extracellular matrix, particularly collagen deposition, leading to increasing rigidity or
stiffening of hepatic tissue. MRE utilizes a quantitative phase-contrast-based MRI technique
to measure tissue stiffness, thereby indirectly assessing for hepatic fibrosis.

MRE is easily incorporated into standard clinical liver MRI. Studies have demonstrated the
utility of MRE in a variety of CLD and MRE is currently regarded as the most accurate non-
invasive imaging technique for evaluation of liver fibrosis [6, 7]. In view of the emergence
of liver MRE as the non-invasive standard for evaluation of liver fibrosis, a reference guide
for setting up and running clinical liver MRE would be useful particularly for institutions
considering incorporating MRE into their practice. This review will provide details on what
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a radiology practice needs to know to get started with liver MRE, including an overview on
why to use MRE, technical requirements, system set-up, patient preparation, acquiring the
data, exam interpretation and reporting.

Why use liver MRE?

Liver stiffness quantified by MRE has high diagnostic accuracy for detecting and staging
liver fibrosis and is one of the most accurate noninvasive tests currently available [8-10].
Liver MRE is easy to perform and can be easily repeated over time. Technical repeatability
of MRE has been rigorously evaluated in multiple studies for within-subject variability in
test—retest studies [11-14]. The Quantitative Imaging Biomarker Alliance (QIBA) from the
Radiologic Society of North America evaluated the test-retest repeatability of MRE in a
meta-analysis and developed a consensus profile on a standardized method for performing
MRE to meet a claimed performance: “A measured change in hepatic stiffness of 19%

or larger indicates that a true change in stiffness has occurred with 95% confidence”

[15, 16]. Given both the excellent accuracy and precision of liver MRE to assess liver
stiffness for fibrosis staging, it is recommended by multiple clinical societies, including

the American College of Radiology (ACR), the American Association for the Study of
Liver Diseases (AASLD), the American Gastroenterological Association (AGA), and the
American Academy of Dermatology (AAD) [17-20]. Beginning in 2019, reimbursement for
liver MRE is available under the Medicare Category | Current Procedural Terminology®
(CPT) code (76391) in the USA. When performed in combination with quantitative imaging
to assess liver fat (steatosis) and iron, liver MRI and MRE provides a comprehensive
assessment of liver health for the assessment of liver fibrosis, steatosis, and iron.

Indications for liver MRE

The most common clinical indication for liver MRE is evaluation of liver fibrosis. The
indications are summarized in Table 1. Liver MRE can be used for detecting, staging,

and follow-up evaluation of liver fibrosis for CLD. MRE may be useful in the assessment
of treatment response following bariatric surgery [21], weight loss [22], and treatment of
chronic viral hepatitis [23]. Additionally, MRE can also be used for longitudinal monitoring
in patients receiving drug treatments that may cause liver fibrosis, such as methotrexate for
psoriasis treatment [8]. Other emerging indications are differentiation of simple steatosis

or non-alcoholic fatty liver (NAFL) from non-alcoholic steatohepatitis (NASH) [21, 24,

25] and in differentiating noncirrhotic portal hypertension (NCPH) from cirrhotic portal
hypertension (CPH). NCPH is usually not associated with increased liver stiffness until

in the later stages, and this feature is useful in differentiation from CPH [26-28]. Studies
have shown that liver stiffness measurement (LSM) with MRE is useful in prediction of
decompensation in CLD, individual liver-related clinical events, and risk stratification for
CLD-related outcomes [29-34]. LSM with MRE can be useful in predicting decompensation
following hepatectomy or radiation treatment [35, 36]. LSM is also useful in identifying
patients with clinically significant portal hypertension, including patients with autoimmune
liver disease and Fontan patients, or high-risk varices [37-39]. A few studies have shown
that increased LSM is associated with increased risk of developing HCC or recurrence
following resection [40]. Stiffness of tumors with MRE may be useful as an additional
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characteristic for differentiation of benign and malignant tumors of the liver [41]. Other
possible applications include evaluation of increased stiffness of the liver from infiltrative
diseases such as amyloidosis [42].

What do you need to start clinical MRE?

MRE is available as a hardware and software add-on to existing or new MRI scanners

from General Electric (GE Healthcare, Waukesha, WI), Philips (Best, Netherlands), and
Siemens (Erlangen, Germany) at both 1.5 T and 3.0 T. LSM is a mechanical property that
is not dependent on field strength of the magnet. The LSM measuredon 1.5 Tor3.0 T
magnets should be similar when all acquisition parameters (patient fasting status, breath
holding, shear wave frequency, MRE sequence, and inversion algorithm) are the same.
Multiple studies have demonstrated cross-platform and field strength compatibility of MRE
[14, 15, 43]. Historically, the technical failure rate was slightly higher at 3.0 T due to the
2D gradient recalled echo-MRE (2D GRE-MRE) sequence being susceptible to T2* effects
resulting in poor signal-to-noise ratio (SNR) in tissue with short T2* relaxation times.

The use of spin echo-echo planar imaging (SE-EPI)-based MRE acquisition significantly
improves the technical success at 3.0 T. The results from both GRE-MRE and SE-EPI MRE
are comparable. When selecting a scanner for the MRE application, liver imagingat 1.5 T
has an advantage due to fewer artifacts; however, both 1.5 T and 3.0 T will yield accurate,
precise, and reproducible results [44, 45].

The MRE application is installed and set-up by the field services engineers from the
respective scanner manufacturers. The active driver should be located outside the scan room,
preferably in the equipment room (Fig. 1). Placing the active driver near the scanner console
is not recommended as the active driver can be quite loud when running. The plastic tube
(polyvinyl chloride, 30 ft.) connecting the active driver and passive driver enters the room
through the waveguide (a hole in the wall between the equipment room and the scanner).
The connecting tube can be coiled and placed in a cabinet or on a shelf when not in use. The
passive driver is a rigid, drum-like device that is connected to the active driver via the plastic
tube and secured to the body using an elastic strap. Initial training for performing the liver
MRE is usually provided by the MRI manufacturer application specialist. Although there are
no standard training requirements to perform MRE, adequate training of the MR technicians
is essential for performing a high-quality liver MRE. Similarly, radiologists reporting the
MRE results would benefit from training from experts for avoiding interpretation errors.

How to use the MRE phantom

An MRE phantom (Resoundant, Inc., Rochester, MN) is included in the accessories kit
and can be used for training, allowing users to verify that the MRE system is functioning
correctly and to perform any necessary troubleshooting. When an MRE phantom is
available, a phantom scan can be performed periodically or as part of new MRE user
training; however, there are no current guidelines on how often a phantom scan should
be performed. Phantom scanning procedures can be found under QIBA guidelines [16].
The phantom MRE scan parameters are different from human MRE scans; however, the
driver frequency is still 60 Hz. The two important differences are driver amplitude is set
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at or below 10% and plane of acquisition is in the coronal imaging plane (patient scans
are performed in the axial plane). Sample phantom results for normal and failed exams
are included in Fig. 2. When evaluating the phantom results, users should consider all
standard outputs (magnitude images, wave images, and elastograms). Normal phantom
results include subtle or barely visible shear waves through the phantom on magnitude
images, red/blue waves appearing in concentric circles in the color wave image, and a
homogenous shear stiffness of approximately 3 kPa (acceptable range 2—4 kPa, based on
manufacturer recommendations). The phantom stiffness is not calibrated, but once a baseline
stiffness is established, future scans should remain within + 10%. The stiffness measured
with the phantom is expected to remain stable for many years provided the phantom is not
deformed or the seal is not broken.

There are three common types of poor phantom results including high amplitude, low
amplitude, and no amplitude. In the case of high amplitude, the wave image appears
oversaturated (the shear waves appear more yellow and turquoise blue instead of deep red
and blue colors, Fig. 2 second column from the left) and the magnitude image may even
include the appearance of waves. This is likely due to a failure to reduce the amplitude of the
active driver to 10% for the phantom scan. Low amplitude appears as undersaturated or dark
waves and lack of a high confidence region or inhomogeneous stiffness in the elastogram
(Fig. 2, third column from the left). This could be due to improper phantom setup (the

belt around the passive driver and the phantom used for securing is not tight enough) or

a problem with the MRE active driver. In the case of no amplitude (Fig. 2, right column),
there are no visible shear waves in the wave image and a completely masked out elastogram
due to low confidence. In this case, it is important to ensure that the active driver is on, the
tube is connected between the active and passive drivers, and all the sequence parameters are
optimized.

Patient preparation

Proper patient preparation is essential to achieve a successful and accurate exam. Patients
must be fasting for a minimum of 3 to 4 h before the MRE exam. A significant increase

in postprandial liver stiffness (21% + 15%) can be observed in patients with CLD and
underlying fibrosis within 30 min of a meal [46]. This change in stiffness was not observed
in healthy volunteers. Failure to follow the fasting recommendations may result in over-
staging of liver fibrosis (Fig. 3). Similar fasting status should be observed in the follow-up
MRE exams so that the changes in stiffness values are correctly interpreted.

Positioning of passive driver

The rigid passive driver should be positioned over the right hepatic lobe, with the superior—
inferior position centered at the level of the xiphoid process of the sternum, and the left—
right position centered over the right midclavicular line (Fig. 4). The positioning of the large
flexible driver yields good results when the edge of the driver rests on the table on the
patient’s right side, wrapping along the anterior of the body toward the patient’s midline.
Superior/inferior positioning remains centered at the level of the xiphoid process. The goal
is to position the passive driver over the largest portion of the liver, and the positioning may
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need to be adjusted for some patients depending on individual anatomy. MR technicians
must ensure that the belt securing the passive driver in place is as tight as possible while still
allowing the subject to breathe comfortably. The belt should be tightened while the subject
is in end-expiration. This is especially important for obese subjects. For very small patients
and pediatric patients, towels or other cloth can be used to eliminate air gaps between the
passive driver and body surface. Once the passive driver is positioned and connected to the
active driver, the localizer and calibration scans for liver MRE should be obtained. If MRE
is performed at the end of a liver MRI study, a repeat localizer scan should be obtained to
locate the position of the driver for determining the positioning of slices.

Performing the MRE sequence: acquiring the data

Liver MRE data can be acquired during a full abdominal MRI, or as part of a limited liver
MRI protocol which may include MR sequences for liver iron and fat quantification. Liver
MRE can be performed before or after gadolinium-based contrast material administration
as studies have shown that gadolinium-based contrast materials do not affect LSM by MRE
[47, 48]. The advantage of performing the scan before contrast is optimization of workflow
to allow for the post-processing of imaging to occur while obtaining any post-contrast
imaging. If the MRE exam fails, the acquisition can be repeated. However, if the liver
MRE is obtained post-contrast, the increased signal intensity can produce higher-quality
elastograms in which a larger area of the liver is uncovered by the confidence map resulting
in more liver parenchyma available to make LSMs [49].

Breath holds must be performed at end-expiration. Multiple studies have found higher
reproducibility when performed at end-expiration due to a more reproducible liver position,
and a recent study found elevated liver stiffness values when performed at inspiration
particularly in patients with liver fibrosis [50, 51]. The scout or localizer image used for
slice selection must also be performed at end-expiration. Additionally, the localizer image
can typically be used to determine the location of the passive driver, visible as an indentation
or flattening of the subcutaneous tissue. The driver should be repositioned before the scan
if not located over the liver. Position the sections in the widest cross-section of the liver,
approximately 2-10 cm away from the superior and inferior margins of the liver (Fig. 5).
Typically, four sections are obtained. Additionally, signal in the liver can be improved by
avoiding sections too close to the lung, particularly for GRE sequences.

Typical MRE pulse sequences parameters are provided in Table 2. The recommended
parameters can also be found in the QIBA profile, which is updated on a regular basis

[16]. There are a few parameters that may be adjusted to improve image quality and several
parameters that should not be changed (Table 3). Many of the pulse sequence parameters
should not be adjusted, including the vibration frequency (standardized at 60 Hz), the
motion-encoding gradient (MEG) and MEG direction, the number of phase offsets, and the
fractional encoding. Liver tissue is a viscoelastic material and the stiffness calculated from
the propagation of shear waves is dependent on the frequency of the applied motion. For
clinical liver MRE, stiffness thresholds have been established at 60 Hz, and the frequency
should not be changed, as an increase (decrease) in frequency increases (decreases)
measured shear wave speed. Similarly, the field of view should be kept consistent between
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repeat scans or for the course of a clinical trial. Some parameters that can be adjusted to
improve image quality include the driver amplitude and the echo time (TE). The TE should
be set to an in-phase value to improve signal, which may vary by pulse sequence and field
strength [16].

The driver amplitude determines the intensity of shear waves applied to the liver and can be
increased or decreased depending on the patients’ body habitus and the passive driver used
(rigid or flexible) (Table 4). These amplitude recommendations are based on our experience
in over 15,000 MRE exams. If the amplitude setting is too low, shear wave penetration

in the liver will be low and will result in a low-quality exam (Fig. 6). Alternatively, if

the amplitude setting is too high, the patient may experience some discomfort and the
excessive motion in the liver and result in signal loss near the driver and a poor-quality
exam. This is particularly important in small children. Recommendations for amplitudes
for pediatric patients are provided in Table 5. These pediatric amplitude recommendations
are based on our experience in performing > 1500 pediatric MRE exams. A recent study
compared different driver amplitudes on LSM in pediatrics and emphasized the importance
of optimizing amplitude according to pediatric size. While LSM showed good reliability
between different amplitudes, regions of interest (ROI) size can be reduced if the amplitude
is too high or too low [52]. Further studies are needed using optimized amplitudes.

After completion of the exam, the performing MRI technologist (or alternatively the
supervising MRI radiologist) should immediately review the images to ensure diagnostic
quality and the MRE should be repeated if necessary. All the raw and post-processed images
should be reviewed. Technologists should check the magnitude images for artifacts (ex:
excessive respiratory motion) and the presence of a signal void in the subcutaneous tissue
directly below the passive driver, the raw phase images for the presence of shear waves,

the reconstructed wave images for adequate shear wave propagation, and the elastogram

to confirm an adequate region of high confidence. The phase images are the raw phase
difference from the positive and negative motion encodings, displaying the tissue wave
displacement [53]. The reconstructed wave images are typically displayed in color and have
been processed to remove phase wrapping (phase discontinuities). A critical step is to make
sure that the shear waves are delivered and are propagating through the liver. This can

be verified by observing signal loss in the subcutaneous fat just below the passive drive,
propagating shear waves through the liver on phase images, and planar wave propagation on
wave images (Fig. 7). Planar wave propagation can be seen as parallel lines of shear wave
motion (orange/blue lines in color image or light gray/dark gray in phase or grayscale wave
image) and represents propagation of the waves in the imaging plane. Out-of-plane wave
propagation, seen as broken lines, can lead to over- or under-estimation of shear stiffhess.

Troubleshooting tips for MR technologists

The reported technical success rate of MRE is very high (95-100%), including in children
[54-56]. However, there are a few causes of technical failure or reduced image quality,
including hepatic iron overload, bowel interposition, improper slice selection, respiratory
motion, operator error, or hardware failure.
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High iron content in the liver causes loss of MR signal from the liver parenchyma, which
may result in poor SNR and a poor quality or uninterpretable MRE result. It should be noted
that shear waves still propagate through the liver with iron overload but are not visualized
with MRE sequence when liver parenchymal signal is low. A GRE MRE pulse sequence
technique is widely used with good diagnostic performance; however, it is sensitive to short
T,* relaxation times caused by iron overload or other susceptibility effects, particularly at
higher magnetic field strengths (i.e., 3.0 T vs. 1.5 T). The signal loss is greater at longer

TE and less at shorter TE. An MRE sequence with shorter TE would benefit from improved
signal in subjects with iron overload. Accordingly, MRI manufacturers have implemented a
SE-EPI MRE technique which is much less affected by To* relaxation effects, has a shorter
TE, and therefore should ideally be used in all 3.0 T MRI systems where T2* relaxation
effects are more prevalent. SE-EPI is also available on some systems at 1.5 T and can be
used. In a meta-analysis, overall MRE with both GRE and SE-EPI sequences had excellent
technical success rates, but the SE-EPI MRE technique had a higher technical success rate
than with the conventional GRE sequence (98.0% vs. 94.2%) [45]. Iron overload in the

liver can sometimes be recognized in the scout image. In normal liver, the signal intensity
between the liver, spleen, and kidney is similar, whereas in the case of hepatic iron overload,
the liver will appear darker. There are no established thresholds of R,* that are predictive of
exam failure for either GRE or SE-EPI acquisitions [57-59].

If shear waves are present but the amplitude is low, denoted by visible waves in the phase/
wave images but a small or absent region of high confidence in the elastogram, the exam
should be repeated to obtain MRE with shear waves of adequate amplitude. Ensure a firm
connection between the passive and active driver tubes. The belt securing the passive driver
to the abdomen should be tightened at end-expiration. Additionally, if the subject is obese
and/or has a large waist circumference, the amplitude can be increased as outlined in Table
4. If no shear waves were visible, confirm the tube is connected, the active driver is on,

and the amplitude settings are correct. The technician can stand next to the active driver
during the scan to feel/listen for vibrations. If no vibrations are felt, contact the MR service
representative. A checklist for MR technicians is included in Fig. 8.

Uncommonly, the interposition of gas-filled bowel between the passive driver and the liver
may result in a failed exam due to low-amplitude shear waves. The passive driver may be
repositioned, and the exam repeated. Additionally, if a poor-quality exam is obtained due

to improper slice selection or respiratory motion, the exam should be repeated with proper
slice selection and the patient should be encouraged to hold their breath consistently. In
patients with altered anatomy such as situs inversus, post-hepatic resection or living liver
donor (segmental) transplants, the driver should be positioned as close to the remnant liver
as possible which could be either left side, midline, or further right lateral. A troubleshooting
algorithm is illustrated in Fig. 9.

Post-processing

Following the acquisition, the magnitude and phase images are produced on the scanner
and represent the raw data. The magnitude images provide anatomic information, and the
phase images can be used to visually assess the presence of shear waves in the liver. These
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images can be immediately assessed by the technician to confirm the technical success of
the acquisition. Shear waves should be present in the phase image, and the magnitude image
should be reviewed to confirm the presence of abdominal wall signal void, for proper slice
selection, and for artifacts such as respiratory motion.

Post-processed images are created from the raw images using a multimodel direct inversion
algorithm (MMDI), which is relatively consistent across scanner manufacturers [60]. Several
additional image series are created and available post-processed series varies by scanner
manufacturer (Table 6; Fig. 10). Table 6 describes the data that each scanner can export

for MRE results. In some cases, users may need to manually select to have these images
included in the output. The most consistent output images are a grayscale elastogram (0-8
kPa) and a grayscale elastogram with confidence map overlay. The grayscale elastograms
provide quantitative stiffness values and should be used for analysis. The confidence map

is a tool to assist in locating regions of reliable information for ROI placement. Additional
post-processed images include grayscale and color wave images, a grayscale confidence
map, and color elastograms with and without the confidence map overlay. Color elastograms
are non-quantitative and should not be used to measure stiffness. They are useful for
identifying hot spots, which should be avoided when making measurements. They also
provide a qualitative overview of the liver for a rapid visual assessment of whether the
measured liver stiffness will be normal or elevated. These post-processed images may
require a manual step to generate on the scanner. Also, in some cases, a color elastogram

on an expanded stiffness scale from 0 to 20 kPa is created. This image may be useful in
appreciating heterogeneity in very stiff livers but is typically not needed for routine clinical
purposes.

Liver stiffness measurement (LSM)

After assuring a good-quality exam, ROI can be drawn to measure liver stiffness. To reduce
sampling error, the largest possible volume of liver parenchyma should be included within
the ROI. Either manual or automated ROl measurements can be obtained, as further detailed
later in this paper. General guidelines for ROI drawing include avoiding the liver edge
(approximately 1 cm), the gallbladder fossa, and large vessels. Additionally, only areas with
good waveforms should be included in measurements. When making manual LSMs, this can
be performed at the MR scanner or directly on PACS or a separate workstation for optimal
workflow. The process for manual measurement varies slightly depending on the availability
of images and features of the PACS/workstation such as availability of a copy/paste function.
We describe three common methods for making manual measurements below.

For systems providing a confidence map and copy and paste function, the first step in
making measurements is to draw an ROI on the elastogram with confidence map, while
keeping the ROI within the valid or non-hashed out region (Fig. 11). Next, this ROl is
copied to the magnitude image, where modifications can be made to ensure the ROl is
within the liver and avoiding major vessels, liver edge, and fissures. The ROI is then copied
to the color wave image to ensure only good-quality waves are being sampled. Finally,

the ROI is transferred to the grayscale elastogram to obtain the liver stiffness. With some
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vendors, the color stiffness map may be scaled so that LSM measurement can be performed
similar to that on a grayscale stiffness map.

If no confidence map is obtained but a copy and paste function is available (Fig. 12), the
first step is drawing an ROI on the magnitude image. This ROI should then be copied to
the color wave image, with modifications made to assure only sampling of good-quality
waves. The final step is to copy to the grayscale or color elastogram to obtain the stiffness
measurement. On elastogram images, artifactual areas of elevated liver stiffness called “hot
spots” are generally avoided.

For systems that provide a confidence map but no copy and paste function, the first step

in making measurements is to correlate the grayscale elastogram with confidence map

image with the magnitude image (Fig. 13). Ensure that appropriate areas in the liver are
excluded such as the peripheral liver and large blood vessels. Some systems provide a
“localizer” function for this purpose. Next, the wave image should be reviewed to include
only good-quality waves. Then, the color elastogram is reviewed to avoid “hot spots” created
by wave distortion or the adjacent passive driver. After reviewing all four series, freehand
ROI measurements are made on the grayscale elastogram image.

This process is repeated for all four slices obtained. The weighted arithmetic mean is then
calculated, which considers the liver stiffness of each slice and the area sampled. The
formula is as follows: Weighted arithmetic mean = (muy + mows + Mg + mawy) + (M4

+ uh + wz + wy), where “m” equals the mean liver stiffness for that particular slice and “w”
equals the ROI size in pixels in mm? or cm2. The weighted arithmetic mean can then be used
to correlate with fibrosis stage (Table 7) [61].

MRE has excellent reproducibility and inter-operator consistency for drawing ROIs and
reporting stiffness measurements, with intra-class correlation coefficients (ICC) of 97-100%
[62]. A recent comparison between manual and automated processing for LSM in pediatric
patients reported ICC = 0.99 for inter-reader agreement and ICC = 0.988 for agreement
between manual and automated processing [63]. One study concluded that operators should
be trained to acquire ROIs consistently in repeat examinations [40] and automated analysis
may be beneficial for this process [64, 65].

Confounders of liver stiffness measurement

LSM with MRE is a surrogate marker for liver fibrosis in CLD. In the clinical context of
CLD and abnormal liver function tests, increased LSM is suggestive of liver fibrosis. In
most CLD, particularly in the earlier course of the disease, active and chronic inflammation
as well as fibrosis often coexist. Inflammation can also cause increased liver stiffness and
therefore can affect the accuracy of fibrosis staging, especially in early stages of CLD. As
untreated inflammation leads to fibrosis, it is best regarded as a continuum with significant
overlap during the course of the disease.

The differences in liver stiffness between adjacent fibrosis stages, particularly early stages
(F1-2), are small, and the presence of chronic inflammation can further decrease the
accuracy for differentiation of the adjacent stages of fibrosis. This limitation on accuracy of
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differentiating early stages of fibrosis is a universal phenomenon with non-invasive imaging-
based techniques, including transient elastography and ultrasound shear wave elastography.
The performance of liver MRE is still very good in early stages of fibrosis, with accuracy >
0.85 reported in most published series. With MRE technical advances in the future, it may
be possible to differentiate more reliably inflammation from fibrosis and between adjacent
fibrosis stages in early disease.

However, acute inflammation such as acute hepatitis or acute flare in CLD is a confounder
and performing liver MRE for fibrosis staging in the setting of acute inflammation

should be avoided if possible. Similarly, acute biliary obstruction and venous congestion
secondary to congestive cardiac failure can increase liver stiffness and these coexisting
confounders should be ruled out or MRE should be specifically avoided for fibrosis staging
in these situations. In the case of congestive hepatopathy (post-Fontan surgery, tricuspid
regurgitation, congestive cardiac failure, etc.), serial monitoring may help in detection

of increasing stiffness which indicates worsening congestion or progression of fibrosis.
Uncommonly, diffuse infiltrative disorders that cause increased liver stiffness may mimic
CLD. Examples include amyloidosis, Gaucher disease, and diffuse metastases. Careful
evaluation of the clinical presentation and other imaging studies would usually help rule
out these conditions. Liver MRE for fibrosis evaluation should also be avoided when
another diffuse infiltrative disorder is known to exist such as amyloidosis which also causes
increased liver stiffness. Liver biopsy may need to be performed for diagnosis of CLD when
the exact etiology of the CLD is not known.

While there are many pathologic conditions that can increase liver stiffness, a normal liver
stiffness is most reassuring evidence that there is no significant liver fibrosis as there are

no known pathologic conditions that significantly decrease liver stiffness. Fatty change in
the liver does not systematically affect LSM with MRE [24, 66-68]. In a longitudinal study
evaluating the effectiveness of a therapeutic agent that reduces liver fat showed that there
was no significant change in liver stiffness even when liver fat content reduced significantly
by more than 30% in treated subjects suggesting that steatosis had no significant impact on
liver stiffness measured with MRE. However, one study noted that liver stiffness in pediatric
patients was associated with multiple patient-specific factors including fat fraction [69]. The
study showed a small decrease in stiffness with increasing fat content. The relationship
between hepatic steatosis and liver stiffness in pediatric subjects needs to be further clarified
in future large cohort studies. Occasionally significantly elevated liver stiffness may be

seen with MRE in a morphologically normal liver on ultrasound, CT, and routine MRI
sequences particularly in patients with NAFLD. Advanced liver fibrosis may be present in
asymptomatic patients with a morphologically normal liver and without any abnormal liver
function tests. In such scenarios, acute inflammation should be ruled out by correlating with
liver function tests.

During longitudinal monitoring of a CLD, significant changes in liver stiffness can occur
in patients showing response to treatment over weeks to months. The significant change in
the stiffness can be due to improvement in both inflammation and fibrosis when present
initially. The improvement in inflammation occurs within a short period of time typically
over weeks compared to fibrosis which takes longer time to improve and typically occurs
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over months. As active or chronic inflammation and fibrosis represent a continuum of
disease, any improvement in stiffness should be regarded as a response to treatment. QIBA
guidelines recommend a LSM change of > 19% as significant change and this can be applied
for reporting significant change in stiffness.

Potential limitations of liver MRE

There are no specific contraindications to MRE beyond the standard contraindications to
MRI; however, there are a few factors that may affect the reliability or technical success of
MRE-based LSM. High liver iron content is the most common cause of technical failure
for MRE exams, addressed in many studies and meta-analyses [45, 70, 71]. The presence
of ascites has been found to not hinder the generation and imaging of shear waves in the
liver and the technical success of MRE [67, 72, 73]. Occasionally, a large amount of ascites
can cause difficulty in radiofrequency penetration, leading to poor image quality in all
types of abdominal MRI, including MRE (i.e., dielectric effect) [74]. Multiple studies have
demonstrated the high technical success rate of MRE in obese subjects with rare failures
[21, 56, 75]. The limiting factor in obese individuals is not body mass index (BMI) but
specifically the waist circumference and the ability of the patient to fit in the MRI scanner
[75]. Metallic stents that are in or near liver may be a potential source of susceptibility
artifacts interfering with MRE assessment of liver stiffness. These can be identified on
localizer or anatomical MR sequences performed before MRE and potentially avoided.

Technical innovations

Recent technical innovations have occurred in multiple areas related to liver MRE, including
applications in the hardware, pulse sequence, inversion algorithm, automated analysis, and
parameter specification to better diagnose the presence of liver disease. A rigid passive
driver is the current standard for introducing shear waves into the liver; however, this rigid
driver can be uncomfortable for some patients and challenging to set up correctly. A new,
ergonomic, flexible driver has been developed to better conform to the curvature of the body
surface and produce more uniform shear waves in the liver [50].

Advances in the MRE pulse sequence are also an active area of research. Patients with CLD
often suffer from comorbidities that may limit their ability to hold their breath during the
MRE exam. Respiratory motion may degrade the consistency of the MRE phase-encoded
data [76]. Recent studies demonstrated the feasibility of a free-breathing and respiratory-
triggered MRE acquisition, which is well suited for patients with breath-holding limitations
and pediatric patients [76-78]. The addition of compressed sensitivity encoding (SENSE)
allows for an approximately 50% reduction in breath-hold times with minimal bias [79].

Significant research efforts have evaluated the use of 3D MRE (i.e., shear wave tracking
in the x-, J~, and zdirection) in multiple clinical applications [50, 80-84]. 3D MRE may
be more precise than 2D MRE due to the ability to resolve shear wave propagation in
three directions instead of a single plane in 2D, allowing for the improved visualization of
shear wave propagation in complex organs. Stiffness values from 3D MRE are typically
lower than 2D [81], and future work is needed to establish robust thresholds for diagnosis.
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Multiple studies have demonstrated the potential added benefit of mechanical parameters
from 3D MRE to help noninvasively diagnose NASH [21, 85]. The combination of
parameters including | G*I and the damping ratio from MRE and MRI-PDFF can predict
the NAFLD activity score (NAS).

Automated analysis of liver MRE showed excellent agreement with expert readers and could
decrease analysis time and improve read reliability [86-88]. Multiple independent studies
have demonstrated the excellent reliability and performance of an automated liver elasticity
calculation (ALEC), also referred to as MREplus* (Resoundant, Inc., Rochester, MN). In

a pediatric cohort with autoimmune liver disease, correlation between manual reads and
automated analysis was very strong (ICC = 0.988) [63]. In a pediatric population with
NAFLD, the correlation between automated analysis and each of two expert reading centers
(p=0.9, 0.79) was comparable to the correlation between manual measurements at the two
centers (p = 0.83) [89]. Automated analysis for MRE and MRI-PDFF was used to predict
biopsy-diagnosed NASH with an AUROC of 0.87 [90].

Conclusion

Funding

MRE has been extensively validated and is a valuable tool for the assessment of liver
stiffness. It can be incorporated into most new or existing MR scanners and, once the staff
has been trained, is rather simple to perform and troubleshoot. Interpreting and reporting is
straightforward, with well-established values correlating with stages of fibrosis. Given the
increasing incidence of CLD, every radiology practice should consider if MRE is a tool that
it can offer its patients.
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Fig. 1.
Diagram showing example MRI room set-up with active driver located in MRI system

component room, passive driver tubing passing through the wave guide, and connection
to passive driver. Subjects may be scanned feet-first supine (shown) or head-first supine
(not-shown), depending on the requirements for the MRI system
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Fig. 2.
MRE phantom results. The MRE magnitude images (top), shear wave images (middle),

and elastograms (bottom) are shown for four different acquisitions performed on the same
phantom. Normal phantom results are shown in the left column. Typical examples of poor
phantom results (from left to right) include an amplitude setting that is too high, too low, or
no amplitude
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Fig. 3.

E)?amples of pre- and post-prandial hepatic MRE results demonstrating the importance of
fasting. This figure shows the pre- and post-prandial MRE results in a normal healthy liver
(left) and two patients with chronic liver disease and biopsy-proven fibrosis stages of FO
(middle) and F4 (right). There was no change in liver stiffness 30 min after a meal in the
normal subject. For the patient with FO, there was a 42% increase in liver stiffness and for
the patient with F4, a 39% increase
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Fig. 4.
A Passive driver location: The passive driver should be centered at the level of the xiphoid

process of the sternum, and the left-right position centered over the right midclavicular line.
Note, the belt should be securely tightened (arrow). B Axial MR image showing indentation
of the passive driver (arrows) on the subcutaneous fat in an obese subject. This is especially
important in obese subjects, and some displacement of the abdominal fat is expected
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Fig. 5.

MRE section positioning, (left) coronal scout image demonstrating proper section
positioning (white lines) in the widest cross-section of the liver. (Right) MRE magnitude
images. Passive driver placement can often be seen as an indentation the subcutaneous fat
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Fig. 6.

E)?amples of non-optimal amplitude settings: (Top) amplitude too low. Shear waves visible
in the grayscale phase image (left) in the subcutaneous tissue and superficial anterior part

of the liver but not in the rest of liver, and a very small region of high confidence in the
masked elastogram (right). Amplitude should be increased, and the exam repeated. (Middle)
acceptable shear wave amplitude. (Bottom) amplitude setting too high. Grayscale phase
image appears noisy without a clear shear wave pattern (left), and a small region of high
confidence and part of the body masked out (black shading in this example) due to too much
motion (white arrow) (right). Amplitude should be reduced, and the exam repeated
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Fig. 7.

Ve?rification of shear wave delivery to the liver: On the magnitude images (A), acoustic
wave delivery from the passive driver to the abdomen can be seen as signal loss in the
subcutaneous fat just below the passive driver (arrow, A) due to intravoxel phase dispersion.
The propagating shear waves through the liver can be verified on the phase images (B) as
alternate bands (arrows). On the wave images (C), the planar (in the plane of the slice)
propagation of the shear waves appears as parallel bands of blue and red waves (arrows)
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MR Elastography Technologist Checklist

o The passive driver was fastened firmly to the abdominal wall.................................... Yes U
o The passive driver was applied in end-expiration........................ocoooiiii.. Yes U
» The calibration scan, localizer scan, and MRE were all obtained in end-expiration....... Yes
+ Images include the widest portion of liver (excluding dome & inferior tip of right lobe) ... Yes
o The driver amplitude setting for this scan was: %

o The driver frequency setting was 60 Hz for this scan Yes U
Technologist MRE QC:

+ The magnitude images show signal loss in the SQ fat just below the passive driver........... Yes U
o The phase images show shear waves inthe liver................................................... Yes U

If the MRE needed to be repeated:

« What was the reason?

No
No
No U
No

No

No
No

+  Which radiologist was contacted for input (if applicable)?

« What was changed for the repeat scan?

Technologist:

Date:

Fig. 8.
MRE Technologist Checklist to ensure a successful exam. This QC checklist can be

completed after every MRE exam by the MR technologist. SQ subcutaneous. Modified
with permission from Guglielmo et al. [49]
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Trouble shooting MRE of Liver

Poor or no shear wave delivery to liver

| Is the Active driver on? |—> No ==p ] Turn it on and sync with the sequence

Yes l
| Is the Tube connected |—> No ==p Connect the tube

Yes l

Passive driver in contact > > Snugly fit the passive driver
with chest/abdomen? No against chest

Yes ‘

Is the amplitude set at > No > If the amplitude is low, set the amplitude to

default 50%7? default 50% or as recommended in Table.2
Yes ‘
Interposing structures Change the position of the driver away
impeding transmission =P Yes ==$ | from interposing structure and as close to
e.g., Gas filled colon the largest liver parenchyma as possible

Shear waves delivered but poor stiffness maps

| Is there liver iron overload? '—b Yes == | + Reduce TE as short as possible and retry
for both GRE-MRE and SE-MRE
No l *  Switch to SE-EPI MRE if available

Is the liver moderate to
severely fatty and causing > Yes N Check TE

significant loss of signal? -> GRE MRE: set TE to an in-phase value. For
SNR benefit, use shortest TE possible.
No -> SE-EPI MRE: The in phase/opposed phase

signal intensity differences may not be
relevant For SNR benefit, use shortest TE
possible.

.

‘} Poor and/or inconsistent breath hold
-> Instruct patient to hold breath well and
Non-planar or chaotic waves '—P Yes = consistently
Slice position too high or too low
-> Reposition slices and repeat MRE
Amplitude too high
-> change amplitude to default value

.

No

\4

Normal liver attenuates shear waves and its
=P Yes =P acceptable to have small area for
measurement on the stiffness maps

Very small area of normal
stiffness to measure

Fig. 9.
Flow chart illustrating troubleshooting tips for MR technologists performing a clinical liver
MRE study
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Grayscale
Elastogram

Raw Data

Fig. 10.

Post-Processed
Data

Color Color
Elastogram Elastogram

Grayscale Wave With confidence

Grayscale
Confidence map

Color Wave Color Color

Elastogram Elastogram
(0-20 kPa) With confidence

Post-Processed Data
(Availability varies by Scanner Manufacturer)

Raw and post-processed images available for analysis: The raw images from a liver

MRE are the magnitude and phase/wave images used for anatomic information and shear
wave propagation, respectively. The grayscale elastogram should be used for quantitative
interpretation and is available from all scanner manufacturers. The box to the right indicates
alternative presentations of the data, including grayscale and color variations of the wave
data and elastogram images, but are non-quantitative
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I e e
Color elastogram with confidence map

.
& -~ .
Grayscale elastogram Color wave image

Fig. 11.
MRE interpretation with confidence map: An ROI is first drawn on the color elastogram

with confidence map. This ROI is then copied to the magnitude image, with alterations
made to ensure only the liver is being sampled. This ROl is then copied to the color wave
image, where alterations can be made to ensure only good-quality waves are being sampled.
Finally, the ROI can be copied to the grayscale elastogram, with the ROI value representing
liver stiffness. The process is repeated for all four slices, and a weighted arithmetic mean
calculated. This patient’s liver stiffness of 4.2 kPa corresponds to the stage 3—4 fibrosis
range, in the appropriate clinical setting
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Fig. 12.
MRE interpretation without confidence map: An ROl is first drawn on the magnitude image.

This ROI is then copied to the color wave image, where alterations can be made to ensure
only good-quality waves are being sampled. This ROI can then be copied to the color or
grayscale elastogram, with the ROI value representing liver stiffness. The process is repeated
for all four slices, and then a weighted arithmetic mean calculated. This patient’s liver
stiffness of 2.8 kPa is in the normal/inflammation range
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Fig. 13.
Liver stiffness measurements with a confidence map but no copy/paste function. The

grayscale elastogram with confidence map image is first reviewed (A). If a “localizer mode
is available, when the mouse is hovered over the elastogram image (circle in A), a crosshair
appears on the magnitude image (circle in B) indicating where the measurements are being
obtained so the peripheral liver, large blood vessels (arrow in B), etc. can be avoided. Next,
the wave image (C) is reviewed to exclude areas of wave distortion (arrow in C) or poor
wave propagation. The color elastogram is then reviewed for artifactual “hot spots” (arrow
in D) which may overestimate liver stiffness. The hot spot in image D (arrow) is caused by
large blood vessels (arrow in B). After reviewing all four series, freehand ROl measurements
are made on the grayscale elastogram (E). The process is repeated for all four slices, and
then a weighted arithmetic mean calculated. On this slice, the liver stiffness measurements
of 1.9 kPa and 2.0 kPa are in the normal range

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



Page 33

Pepin et al.

SISOpIOjAWE S UNS ‘SSaUNS JOAI| 3Sea10Ul ey} SIBPI0SIP 3SNYIP JBYI0 .
siowiny JaA1] JueuBifew pue ubiuaq 0 uolenualala .
JUBWIIEaI) UONEBIPERI PazI[eao] Jo Awolosreday BuioBispun syusied @19 ‘dn-mojjo) [ealuljd uo siusized @0 Ul 8WO02IN0 pue UoIIesuadiodsp J0 UoNDIPaid .

suonealrjdde a)qissod
(HdD) uoisuanadAy jenod an0yi1d wouy (HdON) uoisusuadAy eriod o130y.lid-uou arenualayia .
snedayolesls 91j0yode-uou Woly (S1sorea)s ajdwis) JaAl| Ae} o1j0yodfe-uou ayenualayid .

suonedljdde Buibisw3

(@14vN ‘ADH “6°8) uonuaniaiul onnadelayy BuIMO||04 SSBULIS JaAI| Ul 8seaId8Q .
uonsabuod Buisealour 1o sisoiqly Buiuasiom sisabbns awin Jano ssauis Buisealoul anissaibosd—saiyredoreday aansabuo) .
(a1exanoylaw “69) s1soiquy JaAl| asned ued ey sbnip Buiaiedal syusired ul sisoiqiy Jo Juswdojanap 104 .

Burioyuow jeurpniibuo
asuodsal JuaLIeal] JO UBLISSASSY

Burionuow [eurpniibuo] B
buibers o
sisoubelq o

(@71D) asessIp JaAI| 21UOIYD Ul SISO JBAI| JO LUOEN|BAT

Author Manuscript

JHIN Jani| Joy suonedlpul

T alqeL

Author Manuscript Author Manuscript Author Manuscript

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



Page 34

Pepin et al.

J13)]14 :uonnjossy J13}]14 :uonnjossy JEIIE ) J81UD ‘1se) ‘1 3SSV ‘1se} ‘1 3SSV
xXVYddvd9 J181usd xXVddVvd9 J81us)d olne :3WnjoA _w__m_mo_ olne :swnjoA _m__m‘_ma “wco_EO ”m:o_EO
I/S 'spueq 1es  |/S ‘spueq 1es I/S 'spueq 1es  |/S ‘spueq 1es Bulwwiys  z 'sges 1S3Y Bulwwiys  z :sgels 1S3Y I/S 'spueq1es /S spueq es SHUBLIWIOD
3IIS 3lIIS 3IIS IS H4 H4 H4 H4 @v @v D3N JO SIXY
(yorewssiw
pouad o) (zH)
%08 %08 %08 %08 ZH 09 ZH 09 ZH 09 ZH 09 ZH 09 zH09  Aousnbaiy 93N
(zH) Aouanbauy
09 09 09 09 09 09 09 09 09 09 Janup 34N
(sa11s (sda118 (s99118 (s)
TT  (s0ns 4ad) LT TT  (d01s 48d) LT 6 ¥ 104) TL 6 ¥ 104) T2 (80115 J3d) 91 ¥ 404) GG awin ueos “dAL
06 0z 06 0z 06 0 06 0 06 74 () a1Bue dij4
uondalIp
Buipooua
Ixy 1o 1-d 1o 7 aIe 7 7 aIe 7 -Aousnbai
XLyew
(86) %00Tx86 79x9G¢2 (86) %00Tx86 79x9G¢2 00Tx00T G8%00€ 00Tx00T G8x00€ 08x08 ¥9x952 uonisinboy
1 T T T T T 1 1 T T VSN ‘XaN
uo uo uo uo uo uo uo uo uo uo uoissaiddns ye
ww g 0 ww g 0 z 1 z T z 0  (ww)debaons
%Ge/Ww 8 01 %Gz/Ww 8 01 8 01 8 01 8 0T (wuw) ssauyoryL
4 4 4 4 4 14 4 4 14 ¥ $30I|S JO JBqWINN
(wiw)
0Zyx0Zy 0Zix0zy 0Zyx02y 0Zix0zY 0Zyx02y €0x05k 0Zyx02y €0rx05Y 0Zx0Zy 0Zyx0zZy M3IA JO plal
1oxid 1oxid
[8x1d/zH 08z ~  [8X1d/ZH 092 [8X1d/zH 0002 ~  |9X1d/zH 092 /ZH000Z  I9X1d/zH 882 /ZH 000 [9X1d/zH 882 ZHX 062 ZHY S2'TE yipimpueg
(rss (z'8T
UIN (0Z ~) uIN UIN (0z ~) uIN (85 ~) UIN (074 (86 ~) UIN 0z ~) 1N4uIN ~) LU (sw) 3L
000T 0 000T 0 000T 0S 000T 0 000T 0 (sw) ¥L
(1d3)
JdNesds ER[EIY Jyesds ER[NEIY 1d33s ERINEEE] 1d33S ERINEEE] yonoL-dnN yonoL-dN aouanbas ssnd
[eIxXy [eIxy [eIXy [eIxy [eIXy [eIxy [eIXy [eIxy [eIxy [eIXy aue|d
ITTANZ ITTIN > ITTANZ ITTAN > 1962 L'TG= 19G< TG UOISIaA 9JeM1J0S
JAN JHN JdN AN JdN JdN E
JHN 1d3 az I¥o az JHN 1d3 az I¥o Az 1d3-3s az I¥O Az 1d3-3s az ElS[)er 1d3-3Sdz  IHN FHYO Az
1 0°€ suswiIS L G'T suswiIS 10€sdiiud 1 GTsdiud 10€39 16739 SEBEN
JHIN Az J10j sia1awered ueds [4IN
Z 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



Page 35

Pepin et al.

AydeiBolse|a aoueuosal onaubew a1/
‘Ya1/ybu 7/ ‘peay 1004 A+ ‘uonisinboe [ajjesed [ented Builelgiieaoine pazijesausb pHL o ‘anbluyds) uoieinies [euolfial s $Fy ‘Buipodus Alaiisuss [eireds (109 Aelie  FSSH ‘siuaipelf Buipoous-uonow
93 ‘pabelane sjeubis Jo Jaquinu /Sy ‘SUOITRIIOXS JO JBquINU X/ ‘BWil 0yda 7/ ‘awil uonnadal &/ ‘Buibewn seuejd oyss-oyds uids /¢7-35 ‘Buibewn Jeued oyoa /47 ‘0yds Jusipeid 749

ead Jarem uo Sead Jarem uo sead Jayem Mead Jarem
Aauanbaly Ja1us) Aouanbaly Jaus) uo Aouanbaiy uo Aouanbaly
azljewloN Mead Jajem azljewloN sead Jajem Mead Jajem Mead Jajem J91U8D JEI k)
ueosald :abew| uo Aouanbaly ueosald :abew| uo Aouanbaly uo Aouanba.y uo Aouanba.ly aseydninw aseydnnw
FdN JdN JFdN JFHN FdIN JdN JHN
JdIN I1d3 A¢ ElSNer JdIN I1d3 a¢ ElcNer 1d3-3S Ac 49 Aac 1d3-3S Ac 49 ac 1d3-3SAdc  FdN IFd9 Ac
1 0°€ suswiais 1 G'T suswsls 10 sdiiyd L GTsdijud 10€39 19739 SalIss

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



Page 36

Pepin et al.

uoleIa|a22e Huibew|
(reixe) aued Buibew|

(uonrendsui ye auop

80 ued 8]qIssod Jou §1 Ing ‘papuswiiodas AjBuos uoesidxs-pus) anbiuyasl Buiyresig (s195440 aseyd unoy 3 nejap) s1esyo aseyd Jo JsquinN

aseyd-ur Ajjeapi—(3.1) 0yos 01 awi (sueas dn-mojjoy 10} abeIBA0D [edIWOTeUR aWesS aAsIYde 03 A1) Buluonisod uonoas  (UONV3IIP-Z JNeJep) uondaIp (HIIN) usipelb Buipodus-uonow

(%08 1e 3negep) spnyjdwe JsALQ (papuswiwodal ww 0zyx0zi) dn-mojjoy pue aullased e (AOd) MaIA Jo plald (zH 09 Nneyep) Aouanbaiy asind
(papasu

se g|geisnipe) sialaweed a|qixs|4 (quaired awes 10j) sia1aweled JuslSISUOD (pabueyd aq 10u pinoys) sasreweded paxi

JHIN J9A1] [e21Ul]D J0) sialawesed aousnbas IYIN

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



Page 37

Pepin et al.

Tey asodipe ayeauad SUONRIGIA INSUB 0} Pasealoul e mmua_a&«w

Anjenb afew 1ood pue JaALp syl mojaq ssoj [eubis ul Buninsal ‘BulALIP-13A0 JuaAaid 0} pue 1I0wod Juaiyed 1oy Jayuny paIamo| aq o3 pasu Aew sapnijdwe ‘(sql 05) B €z > siuaired Jo4

q
J1aALIp anissed 8y Jeau BUIALIP-19A0 JUsABId 0) pue 10JWo9 Joy AjLrewiid pasamol ale sspnijduwe P3PUBLILIOO3Y,,

Jood aJe synsaJ [eniul 1 1snlpe o1 abues yum Buope ‘Juoy pjoq ui aj1oid alred yoes 1oy usnlb spnijdwe Buneis

uowiiod JoN MO][e |[IM 10JW09 ualed se yonw obireT
(9608-0S) 9%60L (%08-05) %609  (%08-0S) %09  Se Jake| 1ey 8sodipe 10edwWwod 01 3j8 8y} O} UOISUB) [euonIppe Ajddy  snugey eulwopae ybiy .o 5z < IINgG40 (Sq1 0LT) B GL < 2
uowiwoa JoN
(9609-0%) 9605 (%05-0€) %07  (%0S-0€) %601 suononsul dn-1as piepuels Mojjo- (S2-02) ‘1INg 0 (sal 02T-G2T) B G/-1S  [ewWION
sjuaired
uowioa JoN Irews AJan ui 8depns Apog ayl 19e3U02 Jou Aew JaALIP aAIssed ews
(9606-0€) %607 (%S¥—52) %0¢  (%07—02) %08 ays 4o sabp3 “A|308.1100 pauonisod JaALIP aAIssed J0 J8JUBD aInsug ainyels Apoq amad o 0z > ING/0 (sq1 62T) B 16> qP
afJe| UaALIp X3]4  |[ewsS UBALIP X3]4 J3A1Ip pIbry
suolepuaLILIoda spnijduy suononsul dnes a|youd juaned

Author Manuscript

suolepuawWwwogal spnijdwe YN pasodoid

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Pepin et al. Page 38

Table 5

MR elastography active driver amplitude setting guidelines for the pediatric population

Patient Driver amplitude

weight (kg)  (starting value)
(%)

<20 5-10

20-29 10-20

30-39 20-30

40-59 30-40

60-69 50

70-85 60

86-99 70

2100 80

The above recommendations are provided as guidelines. The optimal active driver amplitude also will be influenced by patient body habitus and
body mass index. If there is excessive phase wrap and associated signal loss on the phase and magnitude MR elastography images, the driver
amplitude should be reduced and imaging repeated. Alternatively, if wave penetration is poor and/or chaotic, the driver amplitude should be
increased and imaging repeated
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Table 7

Interpretation of MRE results

Mean liver stiffness

Fibrosis stage

<2.5kPa
2.5t03.0 kPa
3.0t03.5kPa
3.51t0 4.0 kPa
4.0to0 5.0 kPa
> 5.0 kPa

Normal

Normal or inflammation
Stage 1-2 fibrosis

Stage 2-3 fibrosis

Stage 3-4 fibrosis

Stage 4 fibrosis or cirrhosis

Page 40

Values above 3.0 kPa are consistent with liver fibrosis in the appropriate clinical setting for exams obtained at both 1.5 and 3.0 T using both GRE

and SE-EPI acquisitions

The liver stiffness values must be interpreted in the clinical context to rule out congestion, severe active inflammation, severe biliary obstruction.

See Interpretation Tips

Abdom Radiol (NY). Author manuscript; available in PMC 2022 October 07.
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