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Abstract

Purpose
MR elastography (MRE) can serve as an accurate surrogate marker of liver fibrosis. For any diag-
nostic test that is to replace the current reference standard, interobserver agreement should be 
at least as good and preferably better. The objective of this study was to perform a head-to-head 
comparison of the interobserver agreements of MRE and liver fibrosis staging on biopsy in a single 
cohort of hepatitis patients.

Methods
One hundred and three patients with viral hepatitis B or C who had a liver biopsy underwent MRE. 
Two readers independently selected a region-of-interest (ROI) in the liver to derive elasticity values. 
Two pathologists first independently staged fibrosis on biopsies using the METAVIR classification 
and subsequently held a consensus meeting. Interobserver agreements of elasticity values and fi-
brosis stages were assessed with intraclass correlation coefficients (ICC).

Results
MRE and biopsy data were available for 85/103 patients. ICC of pathologists staging fibrosis was al-
most perfect at 0.91 (95%-CI: 0.86–0.94). ICC for MRE readers was significantly (P <0.0001) higher at 
0.99 (95%-CI: 0.98–1.00).

Conclusions
Interobserver agreement for liver fibrosis staging was almost perfect for both histopathology and 
MRE, with a significant higher agreement for MRE. Its high interobserver agreement and reliable 
accuracy support the use of MRE as a non-invasive screening tool for liver fibrosis.
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Introduction
The prevalence of chronic liver disease is growing, with increasing numbers of patients suffering 
from chronic viral hepatitis and/or hepatic steatosis and its sequelae [1, 2]. These include fibrosis, 
cirrhosis, liver failure, and—especially in case of hepatitis C—risk of hepatocellular carcinoma 
(HCC) development. Liver biopsy—the current reference standard—is mandatory in many areas 
prior to starting antiviral treatment for chronic hepatitis B. Combined with the need to detect ad-
vanced fibrosis to select those eligible for HCC screening, a rise in the number of liver biopsies 
could be the consequence [3]. However, liver biopsy has several undesirable aspects including its 
invasive character and consequently reluctance of clinicians to use biopsy to follow up treatment 
effect, sampling bias due to small sample size and costs. This has driven researchers to investigate 
other, non-invasive methods of both identifying and quantifying or staging liver fibrosis. Examples 
include ultrasound based transient elastography (TE) and magnetic resonance elastography (MRE) 
or rheology. MRE has been shown to be accurate in distinguishing between patients with and wit-
hout advanced fibrosis in several aetiologies [4-11].

For any diagnostic test, good interobserver agreement is important. When comparing tests, 
the assessment of interobserver agreement should include the index test as well as the reference 
standard. Preferably, the interobserver agreement of the index text is at least as good as that of 
the reference standard. With regard to MRE, a number of studies indicated that the interobserver 
agreement between readers of the same MRE data is substantial to almost perfect with ICCs ranging 
from 0.74 to 0.99 [4, 6, 7, 12]. These studies were performed in differing cohorts: some skewed to-
wards no fibrosis at all, others toward advanced fibrosis (stages F3 and F4 on biopsy) while others 
had a more even distribution of fibrosis stages.

Studies on the interobserver agreement between pathologists staging fibrosis on liver biop-
sies show a large variability in agreement, with kappa values ranging from 0.41 to 0.80 [13-16]. The 
agreement depends on biopsy length, fibrosis stage, and on experience and work setting of the 
pathologists (i.e., specialised liver or community pathologists) [15, 16]. However, comparison of the 
agreement between pathologists and between MRE readers is hampered as the aforementioned 
studies did not concern a head-to-head comparison in the same patient cohort: comparing agree-
ment for pathologists and MRE readers from different studies would entail two groups with different 
distributions of fibrosis stages.

Hence, this study addresses the following research questions. What are the interobserver 
agreements for readers of MRE measurements and for histopathologists staging the same patients 
for liver fibrosis? Do MRE regions-of-interests (ROI) and biopsy length and fibrosis stage influence 
the interobserver agreements for respectively MRE and histopathology? To answer these questions, 
we retrospectively analysed MRE-data and histopathology results obtained in a single cohort of viral 
hepatitis patients.

Materials and methods

Patients
For this retrospective study, MRE and histopathology data were used from a study performed in our 
institution comparing the diagnostic accuracy of MRE and FibroScan in patients with hepatitis B or C 
using biopsy as the reference standard (Dutch Trial Register: NTR2489) [11]. The MRE examinations 
and the histopathology results were used to address the present study questions, i.e., comparing 
the interobserver agreements of liver histopathology and MRE. Twelve patients, whose data were 
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also used in that publication, were in addition included in a separate study of the reproducibility of 
MRE and reported upon [17]. The Medical Ethical Committee of the Academic Medical Center, Am-
sterdam waived informed consent for this retrospective analysis.

Liver biopsy
Liver biopsies were performed either as part of routine clinical work-up or as part of a clinical trial. 
Biopsies were fixed in formalin and embedded in paraffin. Biopsies with less than seven portal fields 
were excluded. All biopsies were individually staged from F0 (no fibrosis) up to F4 (cirrhosis) using 
the METAVIR system by two experienced pathologists (JV and VT) [18]. Stage F2 or higher constitu-
ted significant fibrosis. Besides fibrosis, inflammation was scored using the modified hepatic activity 
index (mHAI) ranging from 0 to 18 and subdivided as: 0 no inflammation; 1–3 minimal; 4–8 mild; 
9–12 moderate, and 13 or higher as severe [19]. Pathologists were blinded to all findings including 
each other’s staging except disease aetiology, i.e., whether subjects had viral hepatitis B or C. After 
individual staging a meeting was held to reach consensus on fibrosis stage in those cases where 
individual stages differed.

MRI
MRI was performed on a 3T MR scanner (Intera; Philips Healthcare, Best, The Netherlands) using a 
16-channel phased-array surface coil (two eight-channel posterior and anterior coil elements) and 
dedicated MRE equipment. The actuator was placed on the right side of the chest over the liver and 
positioning was checked using surveys before MRE scans were performed to ensure the actuator 
was located over the liver. Total examination time did not exceed 10 min. MRE was performed in six 
expiration breath holds of 13 s each, using a 2D spin-echo echo planar imaging (SE-EPI) sequence 
with TR/TE at 560/40 ms, FA of 90° and a field of view (FOV) of 320 × 320 mm with a 4 × 4 × 4 mm3 
voxel size. Harmonical waves were applied by the actuator at 50 Hz. Seven axial slices were acquired 
with bipolar motion-encoding gradients in three orthogonal directions (i.e., x, y, and z) using se-
parate acquisitions for each direction. The sampling was performed with eight points per vibration 
period. Magnitude and phase data were stored for further processing offline. To guide MRE ROI, 
high resolution 2D single-shot turbo spin echo (TSE) images were acquired for the same seven slices 
as the MRE acquisition but with higher in-plane resolution. The FOV was 320 × 285 mm with a 1.45 × 
3.58 × 4 mm3 voxel size, the TR/TE were 676/70 ms and FA 90°.

MRE analysis

MRE measures so-called shear wave elasticity and briefly functions thus: mechanical waves are ap-
plied to the chest wall with an external actuator and are propagated through the underlying tissues, 
including the liver. Using specific MRI sequences sensitive to motion, the propagation of the me-
chanical waves can be visualised. In an offline post-processing procedure, voxel-by-voxel elasticity 
maps are generated using dedicated software [20].

The MRE SE-EPI images (containing magnitude and phase data) and high resolution TSE images 
were loaded in the dedicated post-processing software. As the reconstruction algorithm requires at 
least two neighbouring voxels for reliable results the three central slices (out of seven) are reliable 
for elasticity analysis. Hence, these three central slices were used for further analysis. Two MRE rea-
ders (JHR and AEB), blinded to biopsy and each other’s results, individually analysed the MRE-data 
by applying the following steps (see Figure 1):
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1. In the first step, the anatomy of the liver was evaluated on the high resolution TSE and lower 
resolution SE-EPI images, taking note of the presence and location of large vasculature, bile 
ducts, and gallbladder. An example is shown in Figure 1A where the gallbladder is noted.

2. In a second step the effectiveness of the vibration was visualised. For this purpose, the mean 
tissue-displacement in a ROI positioned in the left side of the body (furthest away from the 
actuator) was calculated for all subjects. The overall mean of these values was then multiplied 
by 3 and this level was subsequently used as a lower threshold value in the post-processing 
tool. This allowed visualisation of areas with reliable information, i.e., where tissue displace-
ment was above the noise level. Figure 1B shows the tissue displacement map for the same 
patient as in Figure 1A, with the threshold applied and a red line indicating eligible voxels: all 
voxels with displacement above the threshold value are displayed in colour, while all below 
the threshold are white.

3. In the third step, a ROI was drawn in the liver on the low-resolution magnitude images taking 
into account the information obtained by following steps 1 and 2 (see Figure 1C). This means 
that care was taken to avoid the subcapsular parenchyma (i.e., ROIs were drawn at least 2 

Figure 1.  MRE data analysis was performed briefly thus. In step 1 (A) the anatomy of the liver was evaluated and the 
presence and location of anatomic landmarks (e.g., vasculature, bile ducts, gall bladder) were noted. In step 2 (B), 
the amplitude-threshold was applied to visualise the areas of effective vibration, here noted by the red line: all non-
white voxels were eligible. In step 3 (C), a region-of-interest (ROI) was drawn on the magnitude images, avoiding 
liver edges, anatomic landmarks, and areas of non-effective vibration. Finally, in step 4 (D) the ROI was copied to the 
elasticity maps and mean (standard deviation) values in kPa were noted.
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voxels away from the liver edge), vasculature or gall bladder (noted in step 1) and areas of 
non-effective vibration (noted in step 2) to ensure that the ROIs contained only eligible liver 
tissue. With this precautions in mind, as much liver tissue as was possible was included in the 
ROIs. The ROIs were drawn on the magnitude images to ensure that positioning of ROIs was 
not influenced by prior knowledge of areas of high elasticity that can be seen on the elasticity 
maps.

4. Finally, in the fourth step, the ROI was copied to the elasticity maps and mean and standard 
deviation (s.d.) values in kPa were noted (see Figure 1D).

Statistical analyses
Data are expressed as mean and SD or median and interquartile range where appropriate. Correla-
tions between elasticity values (MRE reader 1) and consensus fibrosis stage and between elasticity 
values for MRE readers 1 and 2 and between fibrosis stages for the two pathologists were assessed 
with Spearman’s correlation coefficient (rS). As current literature has not yet reached consensus on 
thresholds for converting elasticity values to one of the five separate fibrosis stages and as thres-
holds differ for different fibrosis aetiologies, elasticity values were analysed as shear modulus va-
lues in kPa [17]. Shear modulus or elasticity values reflect the mechanical properties of the underly-
ing tissues: the stiffer the tissue becomes (i.e., when more and more fibrosis is present), the faster 
waves travel through it and the higher the elasticity values become. To investigate the interobserver 
agreement, absolute agreement intraclass correlation coefficients (ICC) were calculated for both 
MRE and histological liver staging separately. In recent literature, the assessments of interobserver 
agreement for pathologists have been performed with (weighted) kappas. However, comparing 
kappas and ICC is counterintuitive and seldom performed. As there are five categories for fibrosis 
staging, applying an absolute agreement, two-way random model for ICC assessment is equal to 
performing a quadratically weighted kappa [21]. The benefit of this approach is that it allows for 
comparison between the ICCs for pathologists and MRE readers. ICCs and rS were mutually com-
pared with 95%-confidence intervals (95%-CI) and Z-transformation to allow significance testing 
[22]. The ICCs and rS were graded as follows: slight, 0–0.20; fair, 0.21–0.40; moderate, 0.41–0.60; 
substantial, 0.61–0.80; and almost perfect, >0.80 [23].

In a subanalysis, potential confounders were analysed. The cohort was first subdivided in quar-
tiles by biopsy length to assess the effect of biopsy length on the interobserver agreement of the 
pathologists. Secondly, the cohort was subdivided in quartiles by mean ROI-size (i.e., the mean of 
both MRE-readers) to see whether ROI-size influenced agreement between MRE-readers. In both 
subdivisions, an additional assessment was performed to check whether the potential confounder 
influenced the other staging method. Our hypotheses for this subanalysis were that biopsy length 
will influence pathologists’ but not MRE readers’ agreement and that ROI-size will have no influence 
on either. P values <0.05 were considered statistically significant. Statistical analyses were performed 
using SPSS Version 20 (IBM Corp, Armonk, NY, USA), Excel 2013 (Microsoft Corp, Redmond, WA, 
USA), and GraphPad Prism 5.0 (GraphPad Software, La Jolla, CA).

Results

Patients: biopsy and MRE results
A total of 103 subjects were included in the main study. Individually evaluated liver biopsy and MRE 
results were available in 85/103 (83%) subjects with either hepatitis B (n = 66), hepatitis C (n = 18) or B 
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and C co-infection (n = 1). Biopsy quality (i.e., number of portal fields) was insufficient for histologi-
cal diagnosis in five subjects, while four subjects had to be excluded because biopsies had only been 
staged in consensus during a single consensus reading meeting. MRE examinations were technically 
unsuccessful in three subjects. Finally, six subjects were excluded after primary inclusion because of 
various reasons such as claustrophobia or unavailability of the biopsy.

The cohort was divided by consensus fibrosis stage as follows: F0, n = 3; F1, n = 54; F2, n = 15; 
F3, n = 8; and F4, n = 5. Median elasticity (reported here for MRE reader 1) and the final consensus 
fibrosis stage on biopsy were 1.68 kPa (1.49–2.15) and F1 (F1–F2) respectively. Elasticity values (given 
for reader 1) correlated substantially with the consensus fibrosis stages at rS = 0.68 (95%-CI: 0.54–
0.78, P <0.0001) as shown in Figure 2. Cut-off elasticity values and diagnostic accuracy information 
are reported elsewhere [11]. mHAI (subdivided by categories) showed moderate correlation with 
elasticity values (rS = 0.52 (95%-CI: 0.34–0.66). In a separate report on this patient cohort, inflam-
mation was shown not to be a confounding factor for elasticity values in a multivariate analysis [11].

Interobserver agreement
For histological fibrosis staging by the two pathologists, correlation was 0.92 (95%-CI: 0.88–0.95, 
P <0.0001) while their overall ICC was 0.91 (95%-CI: 0.86–0.94). Correlation for elasticity values 
between MRE-reader 1 and MRE-reader 2 was 0.97 (95%-CI: 0.95–0.98, P <0.0001), while their over-
all ICC was 0.99 (95%-CI: 0.98–1.0). These ICCs differed statistically significantly from each other 
(P <0.0001). A scatter plot of elasticity values for MRE readers 1 and 2 is shown in Figure 3.

Confounders: biopsy length
Median consensus biopsy length was 18 (12–24) mm. These values were applied to divide the cohort 
into four quartiles: Q1: 6–12 mm, Q2: 13–18 mm, Q3: 19–23 mm, and Q4: 24–38 mm. Table 1 shows 
the ICCs and correlations for each quartile (by biopsy length) for pathologists and MRE readers. 
Correlations between pathologists were statistically significantly lower in the three lower quartiles 
(Q1, Q2, and Q3) compared with the highest quartile (Q4). Similarly, agreement in terms of ICCs 
between pathologists was lower for smaller biopsies. In this subdivision by biopsy length, the ICCs 
for MRE-readers were not statistically different from each other.
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Figure 2.  A scatter plot between the consensus 
fibrosis stage according to METAVIR (x-axis) and 
the elasticity value in kPa (y-axis, given for reader 1). 
These correlated substantially with rS of 0.68 (95%-
CI: 0.54–0.78).

Figure 3.  A scatter plot between elasticity values 
in kPa for reader 1 (x-axis) and reader 2 (y-axis). 
There was an almost perfect correlation with rS of 
0.97 (95%-CI: 0.95–0.98).

INTEROBSERVER AGREEMENT OF MR ELASTOGRAPHY

4



70

Table 1.  ICCs and correlations per quartile of biopsy length.

ICC rS

Biopsy length Pathologists MRE-readers Pathologists MRE-readers

Q1 n = 19 0.92 (0.81–0.97) 1.00 (0.90–1.00) 0.92 (0.79–0.97) 1.00 (0.98–1.00)

Q2 n = 19 0.82 (0.60–0.93)A 0.99 (0.97–1.00) 0.85 (0.65–0.94) 0.98 (0.95–0.99)

Q3 n = 23 0.91 (0.80–0.96)B 0.99 (0.92–0.99) 0.94 (0.86–0.98) 0.97 (0.93–0.99)E

Q4 n = 20 0.98 (0.94–0.99)C 0.99 (0.97–1.00) 1.00 (0.99–1.00)D 0.96 (0.89–0.98)F

Intraclass correlation coefficients (ICC) and Spearman’s Correlation Coefficients for pathologists and MRE readers subdivided 
by biopsy length quartiles: Q1: 6-12 mm, Q2: 13-18 mm, Q3: 19-23 mm and Q4: 24-38 mm. Note the trend of increasing ICCs 
and rS for higher quartiles for pathologists, and consistently high values for MRE readers.
A Lower than Q1 (P = 0.035).
B Higher than Q2 (P = 0.043).
C Higher than Q1, Q2 or Q3 (all P <0.01).

Confounders: MRE ROI-size
Median ROI-size was 645 (571–743) voxels and median difference in ROI-size between readers was 
135 (50–210) voxels, which was a significant difference (P <0.001). At a voxel size of 4 × 4 × 4 mm3, this 
amounted to a median difference of 8.6 (3.2–13.4) mL liver tissue. Note that a liver biopsy sample 
of ø 2 mm and 18 mm length (median length in this study) contains 0.23 mL of liver tissue, several 
factors less. ROIs per subject for the two readers had moderate correlation of 0.44 (95%-CI: 0.25–
0.60). In the ROI-size subanalysis, the cohort was divided into four quartiles based on the mean 
ROI-size (i.e., mean per subject for both readers). Table 2 shows the ICCs and correlations for each 
quartile (by MRE ROI-size) for pathologists and MRE readers. The ICCs and correlations between 
MRE-readers for liver fibrosis staging were almost perfect for all four quartiles and showed no rela-
tionship with ROI-size.

Table 1.  ICCs and correlations per quartile of ROI size.

ICC rS

ROI size Pathologists MRE-readers Pathologists MRE-readers

Q1 n = 21 0.92 (0.81–0.97) 0.98 (0.95–0.99) 0.85 (0.66–0.94) 0.97 (0.93–0.99)

Q2 n = 21 0.83 (0.62–0.93)A 0.99 (0.95–1.00) 0.93 (0.84–0.97) 0.92 (0.82–0.97)

Q3 n = 22 0.84 (0.66–0.93) 0.99 (0.98–1.00)C 0.85 (0.67–0.94) 0.96 (0.91–0.98)

Q4 n = 21 0.97 (0.93–0.99)B 0.99 (0.98–1.00)C 0.99 (0.97–0.99)D 0.98 (0.95–0.99)E

Intraclass correlation coefficients and Spearman’s Correlation Coefficients for pathologists and MRE readers subdivided by 
ROI-size quartiles. Q1 contains the smallest ROIs (<571 voxels), Q4 the longest (>743 voxels). Note the consistently high values 
for MRE readers.
A Lower than Q1 (P = 0.044).
B Higher than Q1, Q2 or Q3 (all P <0.02).
C Higher than Q1 (P <0.05).

Discussion
This study shows that interobserver agreement (ICC) between two readers analysing the same 
MRE-examination for staging liver fibrosis in patients with chronic hepatitis B or C is almost perfect 
(rS = 0.97; ICC = 0.99). Similarly, interobserver agreement between two experienced pathologists 
staging liver fibrosis on liver biopsies in the same cohort of patients was almost perfect (rS = 0.92; 
ICC = 0.91), although the interobserver agreement of MRE was statistically significantly higher 

D Higher than Q1, Q2 or Q3 (all P <0.001).
E Lower than Q1 (P = 0.022).
F Lower than Q1 (P = 0.007).

D Higher than Q1, Q2 or Q3 (all P <0.02).
E Higher than Q3 (P = 0.032).
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(P <0.0001). Biopsy length introduced variation in fibrosis staging, with reduced interobserver 
agreement and correlations between pathologists for shorter biopsies. Importantly, the size of ROIs 
when reading MRE data had no significant influence on interobserver agreement and correlations 
between MRE-readers. Furthermore, interobserver agreement for MRE was consistently high, while 
histopathology was influenced by biopsy length.

To our knowledge, this is the first head-to-head comparison study of the interobserver agree-
ment between MRE-readers for measuring elasticity on MRE data obtained at 3T and pathologists 
for staging liver fibrosis on liver biopsies in the same cohort of patients with chronic hepatitis B or 
C. We performed this head-to-head assessment of the index test (MRE) and reference standard 
(histopathology) as this allows the most reliable comparison between these two methods for mea-
suring liver fibrosis. If MRE is to replace liver biopsy for liver fibrosis staging, then elasticity values 
of the same MRE examination should be equal, independent of the observer. Several other groups 
performed analyses of the interobserver agreement for MRE data. For example, Huwart et al. ana-
lysed MRE’s repeatability by assessing the ICC between two separate MRE examinations performed 
at 1.5T in 25 subjects by two different technicians [24]. They found a high repeatability ICC of 0.97 
(95%-CI: 0.92–0.99). Lee et al. studied the interobserver agreement between two MRE readers with 
data obtained at 1.5T in 49 living liver donors, none of whom had fibrosis [6]. They tested three mea-
surement methods and found that the method with highest agreement had an ICC of 0.85 (95%-CI: 
0.70–0.90). Rustogi et al. had three readers assess 1.5T MRE data obtained in daily clinical practice 
and found ICCs ranging from 0.74 to 0.98 (no 95%-CI mentioned) [4]. The fibrosis distribution in 
their study was skewed to the higher stages. Finally, Venkatesh et al. reported an ICC of 0.99 (95%-
CI: 0.988–0.995) in cohort with a relatively even distribution of fibrosis stages [7]. Neither of these 
studies compared the agreement between readers of MRE-data with that of pathologists staging 
liver biopsies in a single cohort, as our studies does.

In contrast to earlier publications, the agreement in terms of ICCs between the pathologists 
in our study was very high. Reports in the literature indicate that agreement between pathologists 
depends on biopsy length, fibrosis stage and pathologists’ experience [15, 16]. With regard to the 
latter, both pathologists in this study had ample experience in liver pathology which may partly 
explain the high ICCs. Furthermore, while in our cohort the biopsy length did have influence on the 
pathologists’ agreement, the effect was not as pronounced as described elsewhere. Several guideli-
nes state that biopsies should be of a minimum length (e.g., 25 mm) and our data confirm that larger 
samples do show better interobserver agreement. However, having experienced liver pathologists 
evaluate biopsies appears to be of the upmost importance to ensure high interobserver agreement 
[25]. Whereas influencing factors such as sample length cannot be altered by the pathologist in case 
of biopsy, in MRE analysis it is possible for the reader to choose the size of the ROI as desired.

Our data indicate that differences in ROI-size have negligible influence on obtained elasticity 
values. While ROI-sizes between the two MRE readers differed and only correlated moderately at 
0.44, the obtained elasticity values from these ROIs had almost perfect correlation at 0.97. ROI po-
sitioning was performed using the steps described earlier to ensure only eligible liver tissue was 
selected (i.e., vasculature, gall bladder and liver edges were avoided and effective vibration was 
visualised). We did not investigate the effect of not following these steps as it seems unlikely that in 
a clinical setting one would for example deliberately place a ROI over the gall bladder. We did not 
study the use of very small ROIs, but one might expect lower interobserver agreement. However, 
this is not an issue as there is no additional effort for using a sufficiently large ROI. Given these re-
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sults, our method of ROI positioning appears to be robust and to select liver tissue representative 
of the entire liver. Hence other investigators might consider applying these steps in their research 
and clinical applications of MRE.

Limitations of our study include the sample size of 85, though it is unlikely that an increase in 
the sample size would have much influence on the ICC and correlations. In this study, the spectrum 
of disease was skewed towards F0–1 (n = 57), while 28 subjects had significant fibrosis of F2 or hi-
gher. Our results should be interpreted in that perspective. Rustogi et al. studied MRE primarily in 
advanced disease with ICCs ranging from 0.74 to 0.97, while Venkatesh et al. studied a cohort with 
an even distribution of fibrosis stages and found an ICC of 0.99 [4, 7]. The combined results of this 
study with earlier work suggest that MRE has high interobserver agreement over the entire range 
of fibrosis stages.

Another limitation of our study is that only single measurements per patient for both MRE and 
liver biopsy were analysed. For ethical reasons, simultaneous double biopsy is only seldom perfor-
med and then only for research purposes. Most biopsies in our cohort were performed as part of 
clinical work-up. While we did not perform an analysis of the variability between multiple MRE exa-
minations in a single patient, a recent study by Bohte et al. reported upon this, using an identical 
MRE examination as in our study [17]. They found that repeating an MRE examination without repo-
sitioning only mildly influenced the elasticity values. However, repositioning the patient (including 
the MRE actuator) had significant influence. Consequently, they report that over-time changes in 
elasticity values should be more than 22.2% of the baseline value to establish a change that cannot 
be explained solely by test–retest variability.

Finally, our data showed only substantial correlation (rS = 0.68) between MRE and consensus 
fibrosis stage, somewhat lower than reported elsewhere [26]. This may be partly explained by the 
skew in fibrosis stages towards F0–F1. It has been reported that inflammation may act as a confoun-
der for the relationship between fibrosis stage and elasticity values. While in our cohort inflamma-
tion scores had moderate correlation (rS = 0.52) with elasticity values, a confounding effect could 
not be established using a multivariate analysis reported earlier [11]. An alternative explanation is 
the different fibrosis patterns for hepatitis B and C with more fibrosis (hence higher elasticity values) 
being present in hepatitis C for the same fibrosis stage at biopsy [27].

The high interobserver agreement of MRE furthers solidifies its position as a non-invasive ima-
ging modality that allows assessment of the liver fibrosis stage. Where available it could serve as a 
subsequent step to filter out those patients with a low post-test probability of significant fibrosis—
e.g., after evaluation with shear wave ultrasound or FibroScan—so that a liver biopsy can be avoi-
ded [11].

Future research should focus on the application of MRE in other aetiologies of chronic liver 
disease in general and liver fibrosis in particular, such as non-alcoholic steatohepatitis (NASH). Can 
MRE accurately assess liver fibrosis stage in NASH patients and is interobserver agreement between 
readers of MRE data as high as in viral hepatitis patients? Long term follow-up of patients with MRE 
examinations should point out its value in predicting which patients will have progressive disease, 
culminating in cirrhosis and the relation of this predictive value to that of biopsy results. Possibly, 
MRE can then be applied to select those eligible—i.e., with advanced fibrosis (F3 or higher)— for 
(more frequent) HCC screening and to pinpoint—using a still to determine threshold elasticity va-
lue—the appropriate starting point for anti-viral treatment.
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Conclusion
In conclusion, the interobserver agreement between two readers blindly evaluating the same MRE 
examination is almost perfect. Given MRE’s known test–retest variability as well as high accuracy 
for fibrosis staging, these findings further solidify MRE’s position as a robust, reader-independent 
non-invasive technique for the assessment of liver fibrosis over the entire range of fibrosis stages.
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