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Magnetic resonance elastography (MRE) was introduced  
in the mid-90s by researchers at Mayo Clinic in Rochester, 
MN, USA. It is a dynamic imaging technique that assesses 
the elasticity of tissues [1]. The basic principle of this diag-
nostic technique relies on the evaluation of the mechanical 
properties, often referred to as stiffness or elasticity, of  
tissues. This is possible by measuring the tissue’s distortion 
in response to a mechanical stimulus in the form of vibra-
tions [2]. Some authors refer to MRE as “virtual palpation”, 
as this approach to tissue evaluation somewhat resembles 
palpation. Similar to the observations made during a  
physical examination, normal and abnormal tissues differ 
in elasticity, mostly due to fibrosis and to cellular prolifera-
tion and infiltration in pathologically altered regions. 

In order to assess a tissue’s stiffness using MRE, an  
external force needs to be applied to the evaluated organ. 
The force is provided by an external device referred to as  
a “driver”, which generates vibrations at a single, specified 
frequency within the lower part of the audio frequency 
range [2]. The motion induced by the mechanical stress  
is then imaged using a standard phase-contrast imaging 
sequence with motion-encoding gradients (MEG) synchro-
nized with the driver’s function. The imaging time itself  
is short and does not significantly extend the duration  
of a standard abdominal MRI study. Typically, MRE of  
the liver consists of four cross-sectional scans of the liver, 
each obtained in less than one minute on a MAGNETOM 
Avantofit scanner (Siemens Healthcare, Erlangen,  
Germany). The study is normally well tolerated, and  
patients describe the sensations caused by the vibrations 
as “tingling”. The data acquired in the process of wave 
propagation are used to generate elastograms (Fig. 1D  
and 2D). Image analysis using selected regions of interest 

(ROIs) enables measurement of the target tissue’s stiffness, 
typically expressed in kilopascals (kPa). Aside from typical 
MRI contraindications, there are no absolute contraindica-
tions for MRE. However, study postponement should be 
considered for patients directly after liver biopsy or with 
skin lesions at the typical driver location.

Over the years, many potential fields of MRE applica-
tion have emerged. However, it is currently most widely 
used in liver assessment for both adults and children. As 
the prevalence of chronic liver disease increases – mainly  
due to the rising number of patients with nonalcoholic  
fatty liver disease (NAFLD) – there is a need for noninvasive 
methods of assessing the liver parenchyma. Hepatic  
fibrosis is a dynamic and potentially (in the early stages) 
reversible condition that precedes cirrhosis. Currently, core 
liver biopsy is regarded as the gold standard in liver disease 
diagnosis and hepatic disease staging. Nevertheless, it  
has several disadvantages: It is invasive, costly, and only 
assesses a minute sample of the liver [3]. There is also a 
non-negligible risk of obtaining nondiagnostic material,  
for example due to fragmentation or lack of liver tissue  
[4, 5]. Low sampling volume may affect the sensitivity of 
diagnosing liver disease that is heterogeneously distributed 
across the parenchyma.

Therefore, there is increasing interest in using MRI or 
ultrasound elastographic techniques to assess and monitor 
liver fibrosis. In contrast to liver biopsy, MRE is a noninva-
sive diagnostic procedure that enables a much larger  
sampling volume of liver parenchyma. Its other advantages 
are the short scanning time, relatively low cost, and high 
interobserver and intraobserver agreement [6]. It is cur-
rently the most accurate noninvasive method of detecting 
and grading liver fibrosis [7, 8]. In some cases, simultane-
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ous calculation of spleen elasticity can provide additional 
value, especially in patients with portal hypertension and 
esophageal varices.

To date, numerous studies have proven MRE to be  
a feasible tool for evaluating liver fibrosis. Some authors 
even suggest that, owing to its high negative predictive 
value for advanced fibrosis, MRE could replace core liver 
biopsy for surveilling patients who have undergone the  
invasive diagnostic procedure in the past [9, 10]. Noninva-
sive assessment of the liver may also be useful in patients 
with chronic diseases that predispose them to liver fibrosis, 
such as cystic fibrosis, multicystic kidney disease, biliary 
atresia, inflammatory bowel disease, and alpha-1 antitryp-
sin deficiency. In patients after liver transplantation, MRE 
could possibly substitute some protocolary liver biopsies, 
which are performed every 5 to 10 years, or identify  
patients who would benefit from a biopsy. In combination 
with the LiverLab tool (Siemens Healthcare, Erlangen,  
Germany), MRE could also be used for noninvasive liver  
assessment in living donors to prevent or anticipate  
possible complications of the procedure.

Moreover, MRE can detect increased liver stiffness 
even in the absence of histologically detectable fibrosis. 
The results possibly reflect the increased volume of extra-
cellular fluid in the early stages of liver disease preceding 
fibrosis [11]. This can occur in steatohepatitis – the  
mechanical properties of extracellular fluid lead to  
perisinusoidal cell activation (Ito cells) with consecutive  
development of fibrosis due to dedifferentiation of these 
cells to myofibroblasts [12]. Nevertheless, simple steatosis 
does not alter the mechanical properties of the liver, so it  
is undetectable using elastography. Given current growing 
trends in the epidemiology of NAFLD and nonalcoholic  
steatohepatitis (NASH), grading steatosis in all patients 
with liver disease should be considered. Parametric imag-
ing of the liver and assessing it using the LiverLab tool, 
which evaluates liver steatosis and liver iron load, can  
easily be incorporated into the abdominal MRI study. 

Proper positioning of the driver allows us to simultane-
ously evaluate both liver and spleen [13]. This is particular-
ly useful in liver disease that leads to portal hypertension 
and increased hepatic venous pressure gradient (HVPG), 
which correlates with the risk of esophageal varices devel-
opment, ascites, and splenomegaly. Currently, HVPG can 
only be evaluated invasively [14, 15]. However, there is 
data suggesting that MRE is a feasible tool for estimating 
this parameter and has prognostic value. Liver and spleen 
elasticity increases with the degree of esophageal varices 
on endoscopy. Additionally, spleen stiffness measured  
using MRE in children was shown to have good diagnostic 
performance in predicting the presence of gastroesopha- 
geal varices [16].

MRE in pediatric liver disease
Pediatric patients can suffer from a variety of chronic liver 
diseases, both of hereditary and sporadic origin. Some  
conditions may lead to liver fibrosis and, when untreated, 
to cirrhosis. 

NALFD is currently the most common chronic liver  
disease in children and its prevalence is rising. The condi-
tion constitutes a significant public health issue, as its  
sequalae include cirrhosis and hepatocellular carcinoma.  
In the United States, NAFLD is currently the second most 
common cause of liver transplantation in adults [17].  
Between 40% and 90% of patients with NAFLD develop  
liver fibrosis, so MRE and LiverLab assessment might be  
increasingly employed in pediatric patients [18]. In a pro-
spective multicenter observational study (MRI Assessment 
Guiding NAFLD Evaluation and Treatment, MAGNET) 
Schwimmer et al. compared hepatic stiffness assessed in 
MRE and histologic fibrosis staging in children aged 8–17 
with known or suspected NAFLD [18]. The study showed 
good correlation between the histologically established  
degree of liver fibrosis and MRE liver stiffness measure-
ments in the 90 patients with reliable imaging data.  
Importantly, the inter-reader agreement of liver stiffness 
evaluation was strong. The study also showed potential 
problems with conducting MRE in children, as the percent-
age of unreliable imaging studies was relatively high,  
at 16% [18]. However, a large retrospective analysis of  
468 MRE studies in children and young adults demonstrat-
ed successful MRE data acquisition in the vast majority 
(96%) of attempts [19].

In a study which included 35 children with chronic  
liver disease – of whom 27 had NAFLD, and of those  
22 had NASH – Xanthakos et al. showed very good accura-
cy of MRE in diagnosing significant liver fibrosis (stage ≥ 
2), with a sensitivity of 88%, a specificity of 85%, and an 
AUC of 0.92 [20]. Another study analyzed 86 children and 
adults under 21 years of age with clinical indications for 
liver biopsy (most commonly fatty liver disease, followed 
by autoimmune hepatitis and primary sclerosing cholangi-
tis) who also underwent MRE [21]. The analysis of the  
collected data showed a good correlation between hepatic 
stiffness and severity of liver fibrosis. Additionally, the 
study demonstrated moderate predictive performance  
of MRE for identification of Ludwig stage ≥ 2 fibrosis  
(AUC = 0.70). However, the accuracy was significantly 
higher for diagnosis of stage 3 or higher fibrosis  
(AUC = 0.92) [21].

MRE was also compared with other quantitative MRI 
markers and clinical variables in a study of 58 children and 
young adults with autoimmune hepatitis (AIH), primary 
sclerosing cholangitis (PSC), or autoimmune sclerosing 
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As previously described, liver MRE requires reproducible 
vibrations with a predefined frequency. This is achieved  
by using a driver, which should be placed over the right  
liver lobe. The standard driver position is usually in the 
right midclavicular line, at the level of the xiphoid process 
of the sternum. In some cases, such as in patients post  
right hemihepatectomy or post liver transplant, the driver 
placement might need to be modified and should cover 
the approximate location of the largest portion of the  
liver [2]. The driver position can be adjusted after the  
localizer sequence.

For standard liver MRE, the driver’s frequency should 
be set to 60 Hz. Performing test stimuli from the driver  
prior to proper acquisition can increase the patient’s  
compliance.

Liver MRE is usually part of an abdominal MR examina-
tion, or it is performed together with MRCP. Breath-holding 
is useful, but not vital for successful image acquisition 
during liver MRE. If the patient is cooperating, image acqui-
sition should preferably be performed at end-expiration.

Imaging starts with two T2-weighted HASTE sequenc-
es in transverse and coronal planes for precise liver local-
ization. The standard imaging protocol consists of imaging 
at four levels of the liver, including an acquisition at the 
level of the liver hilum. A GRE MRE sequence is acquired 
with a voxel size of 1.4 × 1.4 × 5.0 mm, with one slice  
positioned transversally in the scanner coordinate system 
and with TR/TE = 50/23.75 ms. The acquisition lasts  
19 seconds, which corresponds to one breath-hold. Each 
elastography is followed by a low-resolution T1-weighted 
FLASH sequence for position confirmation and spatial  
localization. After the elastography, patients undergo  
examination for their specific clinical questions.

The causes of poor or nondiagnostic elastographic  
imaging include poor shear-wave delivery to the liver,  
improper driver power, other technical issues with the  
driver, paramagnetic or motion artifacts, or liver iron  
overload. Each of the acquired scans undergoes automatic 
quantitative analysis, and all areas with a confidence 
threshold below 95% are marked as unsuitable for  
evaluation.

Liver stiffness is measured by placing an ROI in the  
liver parenchyma with good imaging quality. The ROI 
should not include the subcapsular portions of the liver 
(approx. 1 cm thick), the hilum, the great vessels, the gall 
bladder (if applicable), or any apparent artifacts. Mean  
liver stiffness values calculated for each area should be 
added and divided by the number of scans (usually four) 
[26]. In cases of a smaller liver, due to area differences, 
mean liver stiffness can be adjusted for this parameter.

1  MR scanning has not been established as safe for imaging fetuses and infants less than two years of age. The responsible physician must evaluate the benefits of the 
MR examination compared to those of other imaging procedures.

4 siemens-healthineers.com/magnetom-world

MAGNETOM Flash (81) 2/2022Clinical · Abdominal Imaging

cholangitis (ASC) [22]. Mahalingam et al. demonstrated 
significant associations between liver stiffness measured  
in MRE and magnetic resonance cholangiopancreatogra-
phy (MRCP) metrics, T1 relaxation times, and the levels  
of laboratory markers of liver disease [22]. Additionally,  
McCary et al. showed that the above quantitative parame-
ters, including hepatic stiffness, are independently  
associated with worse Mayo risk scores and SCOPE index  
in children and young adults with autoimmune liver  
disease [23]. MRE can also be used to assess liver paren-
chyma in children after a Fontan operation, as liver injury  
is a well-known complication of the procedure [24].

The results of the studies show potential for diagnos-
ing and monitoring liver fibrosis in pediatric patients with  
NAFLD and other chronic liver diseases. A number of  
authors also believe that some typically pediatric condi-
tions may become clinically significant indications for MRE. 
It is debated whether MRE can help differentiate biliary 
atresia from neonatal1 hepatitis or provide early diagnoses 
of liver disease in patients on total parenteral nutrition or 
with short bowel syndrome [3]. Nevertheless, more studies 
are needed to expand the clinical indications for liver MRE 
in pediatric patients.

Importantly, Trout et al. recently published normative 
liver stiffness values measured with MRE in a prospective, 
multicenter study with 71 participants who were aged 7  
to 17 and had no personal or family history of liver disease 
[25]. The mean liver stiffness in the study group was  
2.1 kPa, with the 95th percentile equal to 2.8 kPa [25].  
Crucially, the investigators did not observe significant  
differences in liver stiffness measured on different MRI 
scanners, which suggests that the established normative 
data can be uniformly applied across different MRI  
platforms [25]. The study also did not show significant  
differences between MRE imaging on 1.5T and 3T scan-
ners. In our experience a similar cutoff value of 2.86 kPa, 
which is significantly lower than in adults, is associated 
with very good diagnostic accuracy of biopsy-confirmed 
significant liver fibrosis corresponding to an Ishak score  
of ≥ 3 in patients with AIH and Wilson’s disease (Pawliszak 
et al., unpublished data).

How we do it
Patient preparation for liver MRE does not differ significant-
ly from preparation for a standard abdominal MRI, except 
for the recommended fasting period of 4 to 6 hours  
[2, 25]. This is due to the fact that, in patients with chronic 
liver disease and liver fibrosis, liver stiffness may increase 
following a meal. Therefore, fasting is advised to increase 
measurement reproducibility [2].



Case 1 
A 17-year-old boy with ulcerative colitis, AIH, and PSC  
diagnosed five years prior was referred for a check-up by 
MRCP. At the time of the imaging study, the patient had  
no clinical signs or symptoms. However, laboratory tests 
revealed elevated transaminases, GGTP, bilirubin, bile  
acids, and IgG4, and thrombocytopenia. 

Figure 1A shows a volume-rendered reconstruction of 
the biliary ducts. Peripheral biliary ducts were significantly 
dilated, with a diameter of up to 6 mm, and had irregular 
contours. MRE revealed significantly increased liver  
stiffness, with a mean value of 5.5 kPa. The spleen was  
significantly enlarged at 27 cm and had stiffness of  
7.0 kPa. Figures 1B, 1C, and 1D show magnitude, wave,  
and color elastogram with 95% confidence masks. Biopsy 
performed the day after MRI confirmed significant liver  

fibrosis, corresponding to an Ishak score of 6. Gastroscopy 
performed during the same hospitalization period revealed 
esophageal varices, which were endoscopically ligated.

Case 2
A 14-year-old girl with biliary atresia, five years after  
liver transplantation (LTx), was admitted due to fever and  
elevated inflammatory markers. She received antibiotic 
therapy, which relieved her clinical signs and normalized 
her laboratory markers. Afterwards, she was referred  
for MRCP to assess the biliary ducts. In addition, MRE was  
performed to assess the stiffness of the transplanted liver.

The study revealed a heterogeneous, polycystic liver. 
In segment III of the liver, a fluid collection measuring  

1B

1C 1D
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3.5 × 3 × 3.5 cm was observed, without diffusion restric-
tion. Bile ducts were significantly and irregularly dilated  
by up to 10 mm. The stiffness of the transplanted liver was 
markedly elevated, with a global mean value of 7.5 kPa. 
Spleen stiffness was 7.8 kPa. Figures 2A–D show magni-
tude, wave, and color elastogram with 95% confidence 
masks and a volume rendering of the liver bile ducts.

During the same hospitalization period, the patient  
underwent liver biopsy, which confirmed significant liver 
fibrosis with an Ishak score of 6. Grade I esophageal varices 
and a single gastric varix were diagnosed. The patient was 
discharged in a good state with cyclic antibiotic therapy.
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Read the article, watch positioning videos,  
and download the MRE protocol at:

https://www.magnetomworld.siemens-healthineers.com/
clinical-corner/protocols/body-pelvis/mr-elastography
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Introduction
Liver is the largest solid internal organ of the human body. 
It performs a wide range of functions including aiding  
digestion, storing energy, removing metabolic waste and 
microorganisms from the circulatory system, and produc-
ing blood-clotting components. The liver can repair,  
regenerate and/or regrow itself to maintain its structure 
and functions, yet certain health conditions can over-
whelm these capabilities leading to the progression of liver 
disease [1]. Alcohol abuse, obesity, and chronic illness can 
lead to excessive accumulation of extracellular matrix  
proteins including collagen. This results in diminished 
blood flow and the subsequent build-up of scar tissue  
in the liver known as liver fibrosis [2].

Liver fibrosis in its initial and moderate stages causes 
no clinical symptoms by itself and can often be missed by 
routine blood tests or by medical imaging examinations. 
Fibrosis can be treated and reversed on early detection; 
however, if this condition is left untreated for a long time, 
it may lead to a severe condition called cirrhosis. Once  
cirrhosis has developed, clinical symptoms and their  
associated problems may begin to appear, and eventually 
liver damage becomes permanent and irreversible [3]. 
Therefore, early detection of liver fibrosis plays an  
important role in treatment and disease management.

Traditionally, liver fibrosis is diagnosed and staged by 
percutaneous liver biopsy, an invasive technique. Lately, 
non-invasive methodologies such as blood serum tests and 
medical imaging techniques have emerged as an alterna-
tive to biopsy. However, serum tests such as APRI, FIB-4, 
and other commercial assays have proven less accurate 
than the imaging modalities [4] such as ultrasound (US) 
elastography and magnetic resonance elastography (MRE) 
for staging fibrosis. Several studies comparing MR- and  
US-based elastography techniques concluded that the MRE 
has been shown to exceed all other diagnostic methods  
in terms of accuracy, sensitivity, specificity, and organ  
coverage [5].

Magnetic Resonance Elastography
MRE is a non-invasive technique to estimate the stiffness  
of soft tissues. Given the non-invasive nature and accuracy 
of diagnostic results, in recent years MRE has become  
a standard clinical tool to stage liver fibrosis on both 1.5T 
and 3T scanners [6]. MRE can be acquired with or without 
contrast agent on board [8], meaning it can be performed 
at any point in a standard clinical examination, depending 
on site preference.

1   Illustration of the passive driver placement for liver MRE imaging.  
The entire flat surface of the drive should be in contact with the 
subject’s upper abdomen at the fifth intercostal space and lateral 
to the mid-clavicular line.
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The liver MRE technique can be separated into four  
elements as described below. 

1. Inducing shear wave motion into the liver using  
an external mechanical driver

2. Acquiring wave images of the liver via motion  
encoding and phase-contrast imaging

3. Reconstructing stiffness maps from the wave images 
using an inversion algorithm

4. Reporting average stiffness values in ROIs identified  
in the liver stiffness maps as having good wave quality 
and no artifacts

Liver MRE has been described in a QIBA profile [10], which 
also gives practical guidance for performing MRE and inter-
preting the results. Conformance to this profile supports 
the claim that a change in measured hepatic stiffness of  
at least 19% is considered to be real with 95% confidence. 

This article reviews the essentials of MRE and provides best 
practice for its routine clinical usage. To clinicians, the MRE 
technique offers the special benefit that all major MR man-
ufacturers adopted the same standard solution, hardware 
and inversion algorithm, and high reproducibility has been 
demonstrated [6]. This uniformity makes the interpretation 
of diagnostic results much easier, especially in centers 
where multiple platforms are used. However, some image 
acquisition sequences and workflow options may differ,  
so in the following, the focus will be on the Siemens 
Healthineers platform. 

The most commonly used and commercially available 
solution (Resoundant Inc, Rochester, MN, USA) induces 
continuous single frequency mechanical shear wave  
motion in the liver using a special hardware complement 
to the MR system that consists of an active driver (frequen-
cy generator) and a passive driver (plastic drum), and a 
standardized inversion algorithm implementation [17]. 

Pay attention to the following workflow elements to im-
prove chances of performing a high quality MRE exam. 

1. Inspect the hardware regularly for any damage to 
the passive driver diaphragm, or air leakage in the 
tubing system.

2. Turn the active driver (off and) on prior to each  
examination to wake it up from standby mode.

3. Place the elastic belt on the MR patient table at liver 
level and position the patient in a supine position 
with head-first. Position and secure the passive driv-
er as explained in the section Driver setup for liver 
MRE. Lateral placement is preferred over anterior 
placement but good contact between the driver 
face and the subject’s abdomen is critical.

4. Direct the end of the passive driver tubing towards 
where it will connect to the tubing from the active 
driver. In some cases this may be at the back of the 
bore.

5. Fasten the belt tightly. Ask the subject if they can 
breathe normally with the belt; if not, adjust the 
belt. Inform them about expected examination  

duration, order of sequences, that the Elastography 
is performed at end-expiration, and that they will 
feel vibrations coming from the driver during  
the activation. Repeat the latter to the patient just 
before the MRE sequence to avoid them being  
startled.

6. Verify passive driver positioning in scout images  
in relation to the liver at end-expiration and other 
landmarks. Adjust the driver as necessary. 

7. Run the MR Elastography sequence and acquire  
the images at end-expiration.

8. Load the results into the Viewing Task Card and  
review image quality as described in the section 
Postprocessing and evaluation (magnitude for 
breathing artifacts, wave images for good propa-
gation along with depth penetration, and confi-
dence mask for successful inversion). In case of  
insufficient quality, check driver positioning and  
repeat, using a modified protocol where approp-
riate, e.g., in case of iron overload.

9. Measure stiffness via ROI evaluation as described  
in the section Postprocessing and evaluation.

Insert 1: Best practice workflow
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