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Purpose: To assess the determinants of technical failure of magnetic 
resonance (MR) elastography of the liver in a large single-
center study.

Materials and 
Methods:

This retrospective study was approved by the institutional 
review board. Seven hundred eighty-one MR elastogra-
phy examinations performed in 691 consecutive patients 
(mean age, 58 years; male patients, 434 [62.8%]) in a sin-
gle center between June 2013 and August 2014 were ret-
rospectively evaluated. MR elastography was performed 
at 3.0 T (n = 443) or 1.5 T (n = 338) by using a gradient-
recalled-echo pulse sequence. MR elastography and ana-
tomic image analysis were performed by two observers. 
Additional observers measured liver T2* and fat fraction. 
Technical failure was defined as no pixel value with a con-
fidence index higher than 95% and/or no apparent shear 
waves imaged. Logistic regression analysis was performed 
to assess potential predictive factors of technical failure of 
MR elastography.

Results: The technical failure rate of MR elastography at 1.5 T was 
3.5% (12 of 338), while it was higher, 15.3% (68 of 443), 
at 3.0 T. On the basis of univariate analysis, body mass 
index, liver iron deposition, massive ascites, use of 3.0 T, 
presence of cirrhosis, and alcoholic liver disease were all 
significantly associated with failure of MR elastography (P 
, .004); but on the basis of multivariable analysis, only 
body mass index, liver iron deposition, massive ascites, 
and use of 3.0 T were significantly associated with failure 
of MR elastography (P , .004).

Conclusion: The technical failure rate of MR elastography with a gra-
dient-recalled-echo pulse sequence was low at 1.5 T but 
substantially higher at 3.0 T. Massive ascites, iron deposi-
tion, and high body mass index were additional indepen-
dent factors associated with failure of MR elastography 
of the liver with a two-dimensional gradient-recalled-echo 
pulse sequence.
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technical failure rate of MR elastography 
has been reported in a small number of 
studies to be approximately 6% (9,14), 
with no specific report involving high-
field-strength (3.0-T) systems. The pres-
ence of liver iron has been shown to be 
responsible for technical failure in most 
patients; it is present in 71%–100% of 
cases of technical failure when a two-
dimensional gradient-recalled-echo 
(GRE) pulse sequence is used (9,14). 
Unlike that of transient elastography, 
the success of MR elastography does not 
seem to be influenced by the patient’s 
body mass index (BMI) (14). Authors 
of these prior studies did not compare 
the potential factors of failure in suc-
cessful and failed MR elastography ex-
aminations. The aim of our study was 
to determine the technical failure rate of 
liver MR elastography at 1.5 T and 3.0 
T when a GRE-based pulse sequence is 
used and to assess predictive factors for 
liver MR elastography failure in a large 
single-center study.

Materials and Methods

Our local institutional review board ap-
proved this retrospective single-center, 

et al (5) showed that liver stiffness mea-
surements with transient elastography 
were uninterpretable in nearly 20% of 
cases, mainly due to obesity (particularly 
to increased waist circumference) and 
limited operator experience, with 3.1% 
failure and 15.8% unreliable results. 
Other US-based elastography methods 
have been developed and are used in 
clinical practice, such as acoustic radia-
tion force imaging (Siemens, Erlangen, 
Germany) and shear-wave elastography 
(Aixplorer; Supersonic Imagine, Aix-en-
Provence, France). Their main advan-
tages are that they are imbedded in a 
standard US system, and they allow mea-
surement of liver stiffness with controlled 
localization. The acoustic radiation-force 
imaging method has similar performance 
to that of transient elastography, and 
shear-wave elastography seems to offer 
higher performance than does transient 
elastography for staging of liver fibrosis 
(6,7). The percentage of uninterpretable 
results with these techniques was esti-
mated to be 6.7% for acoustic radiation 
force imaging and 23% for shear-wave 
elastography (8,9).

Magnetic resonance (MR) elastogra-
phy is a noninvasive MR imaging method 
that allows assessment of the viscoelastic 
or mechanical properties of biologic tis-
sues and provides an estimation of tissue 
stiffness. Authors of multiple published 
studies (9–13) have demonstrated that 
MR elastography is an accurate method 
that can allow noninvasive detection and 
stratification of liver fibrosis, with higher 
performance than that with transient 
elastography and serum markers and 
performance similar to that with shear-
wave elastography US method. The 
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Advances in Knowledge

nn The technical failure rate of liver 
MR elastography was higher at 
3.0 T than at 1.5 T with the use 
of a gradient-recalled-echo (GRE) 
pulse sequence (failure rate, 
15.3% [68 of 443] vs 3.5% [12 
of 338], respectively; P , .0001).

nn Iron deposition (failure rate, 
25.8% [42 of 163]), massive as-
cites (failure rate, 56.1% [23 of 
41]), and overweight (failure 
rate, 12.5% [56 of 448]) are pre-
dictive factors of liver MR elas-
tography failure.

nn The failure rate is higher in the 
subgroup of patients with 
advanced chronic liver disease 
(13.1% [56 of 426]).

Implications for Patient Care

nn The higher failure rate with a 
GRE MR elastography pulse 
sequence underlines the impor-
tance of using alternative pulse 
sequences at 3.0 T such as the 
spin-echo echo-planar or frac-
tional GRE pulse sequences.

nn In patients suspected of having 
iron deposition and/or massive 
ascites, MR elastography should 
be performed preferably at 1.5 T.

D iagnosis and staging of liver fi-
brosis are essential for ade-
quate treatment of patients with 

chronic liver disease and for assessment 
of prognosis. Until recently, liver fibro-
sis was assessed mostly by performing 
liver biopsy (1), which is invasive and 
limited by sampling errors (2,3). Multi-
ple noninvasive methods have been de-
veloped to decrease the number of liver 
biopsies at baseline or follow-up.

Transient elastography is an ultra-
sonographic (US) technique that allows 
measurement of liver stiffness. Its emer-
gence led to a decrease in the number 
of biopsies performed for staging of liver 
fibrosis because of the excellent corre-
lation between liver stiffness measured 
with transient elastography and liver fi-
brosis stage, with excellent accuracy for 
diagnosis of cirrhosis (area under the re-
ceiver operating characteristic curve . 
0.94) (4). This technique has many ad-
vantages, because it is inexpensive, por-
table, rapidly performed with immediate 
results, and well accepted by patients. 
However, transient elastography has sev-
eral limitations. First, the anatomic ex-
tent of the liver is not captured, leading 
to measurement in a random location. 
Second, it may be unsuccessful or provide 
inaccurate measurements in overweight 
or obese patients and in patients with 
large-volume ascites. In a large series 
including 13 369 examinations, Castera 
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is provided in all commercial versions 
of MR elastography.

The quality of the wave propagation 
was assessed by using a three-point 
scale: 0, no apparent shear wave im-
aged or only disorganized wave pattern; 
1, poor but sufficient quality; or 2, good 
quality. The proportion of liver paren-
chyma covered by pixel values with a 
confidence index higher than 95% was 
assessed with a three-point subjective 
scale: 0, no pixel value; 1, less than 
25%; 2, more than 25%. Liver stiffness 
was measured by one of the observers 
(M.W.) by using two regions of inter-
est, with a size of 250–350 mm2, drawn 
by using the combination of the mag-
nitude images and the confidence map 
to include liver areas with pixel values 
with a confidence index higher than 
95% and to avoid large vessels and liver 
edges. The average of the value in the 
two regions of interest was computed.

Imaging Data Collection
The same two observers also assessed 
liver morphology (0, normal morphol-
ogy or noncirrhotic, defined as liver 
with normal morphology and smooth 
borders; 1, indeterminate morphology, 
defined as liver without clear nodular 
contours, but with some morphologic 
changes [lobar hypertrophy or atro-
phy]; and 2, cirrhotic liver, defined 
as a liver with morphologic changes 
including enlarged caudate lobe, with 
nodular contours [with or without 
signs of portal hypertension]) (22); 
presence of ascites (0, no ascites; 1, 
mild, defined as minimal perihepatic 
or perisplenic fluid; 2, moderate, de-
fined as intraperitoneal fluid without 
abdominal wall distension; 3, massive, 
defined as intraperitoneal fluid with 
abdominal wall distension); and pres-
ence of metallic artifacts (from chole-
cystectomy or prior liver surgery) in 
the right upper quadrant. Finally, the 
observers measured the subcutaneous 
fat thickness at the level of the portal 
bifurcation and segment 4. The aver-
age of the measurements of the two 
observers was used for analysis.

The liver fat fraction was as-
sessed by using in- and opposed-
phase GRE T1-weighted imaging. Two 

phase-contrast GRE pulse sequence 
with motion-encoding gradients along 
the z-axis and four transverse sections 
placed through the largest transverse 
dimension of the liver. The parameters 
of the pulse sequence were repetition 
time msec/echo time msec, 48/20; field 
of view, 30–42 cm (adapted to the pa-
tient’s body habitus); matrix, 256 3 
64; number of signals acquired, one; 
phase offsets, four; bandwidth, 31.25 
kHz; section thickness, 10 mm; array 
coil spatial sensitivity encoding factor, 
two. The acquisition time was 55 sec-
onds, split into four breath holds. The 
stiffness maps were generated automat-
ically by using the multimodel direct 
inversion algorithm (19,20). For each 
MR elastography stiffness map, a con-
fidence index map (range, 0%–100%) 
for stiffness measurement was esti-
mated and automatically provided by 
the software.

The MR imaging protocol also 
included the following sequences: 
transverse and coronal single-shot 
T2-weighted imaging, transverse fat-
suppressed fast spin-echo T2-weighted 
imaging, transverse three-dimensional 
T1-weighted imaging in and out of 
phase, transverse diffusion-weighted 
imaging, transverse T2* multi–gra-
dient-echo imaging, and transverse 
three-dimensional T1-weighted breath-
hold fat-suppressed spoiled GRE imag-
ing before and after intravenous ad-
ministration of a gadolinium contrast 
agent.

Analysis of MR Elastography and 
Assessment of Failure
Two radiologists (M.W. and I.C.S., with 
4 and 1 years of experience in abdomi-
nal MR imaging, respectively) indepen-
dently analyzed the MR elastography 
examinations. In cases of disagreement, 
a consensus reading was performed. 
Technical failure of MR elastography 
was defined as the absence of visual-
ized wave propagation on the wave 
images and/or no pixel value with a 
confidence index higher than 95% on 
the confidence map (21). The confi-
dence map is a standardized estimate 
of data quality based on a statistical 
measure of model fit performance that 

Health Insurance Portability and Ac-
countability Act–compliant study, with 
a waiver of informed consent.

Patients
Our institutional radiology database 
was searched to identify consecutive 
patients who underwent MR elas-
tography of the liver from July 2013 
through August 2014 with two of our 
MR imaging systems equipped with MR 
elastography capabilities. All MR elas-
tography examinations, both successful 
and unsuccessful, were included in this 
convenience sample to compare the 
frequency of the potential factors for 
technical failure in those two groups.

The following clinical parameters 
were recorded for all patients at the 
time of the MR imaging examination: 
age, sex, race and ethnicity, weight, 
and BMI. In patients with chronic liver 
disease, serum aspartate aminotrans-
ferase (AST); serum alanine amino-
transferase; serum bilirubin; serum al-
bumin; international normalized ratio; 
and serum creatinine were recorded, 
and the AST-to-platelet ratio index and 
fibrosis-4 scores were computed (15). 
In patients with cirrhosis (based on 
MR imaging criteria), the Model for 
End-stage Liver Disease (MELD) and 
Child-Pugh scores were also obtained 
(16,17).

MR Imaging and MR Elastography
All of the MR elastography examina-
tions were performed with either a 
1.5-T (GE Signa HDx; GE Healthcare, 
Milwaukee, Wis; n = 348) or 3.0-T (GE 
Discovery MR750; GE Healthcare; n = 
443) clinical system by using a 12- and 
32-channel body phased-array coil, re-
spectively. Liver MR elastography was 
performed after administration of a 
gadolinium contrast agent per clinical 
protocol (gadoxetic acid, Primovist/
Eovist; Bayer Healthcare, Berlin, Ger-
many) (18).

A 19-cm–diameter, 1.5-cm-thick, 
passive acoustic driver was placed 
against the right anterior chest wall at 
the level of the xiphoid process over-
lying the liver to generate 60-Hz shear 
waves. Wave imaging was performed 
by using a modified two-dimensional 
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examinations. The etiology of liver 
disease is detailed in Table 1.

MR Imaging and MR Elastography Data
Among the 781 MR imaging examina-
tions, 338 (43.3%) were performed 
at 1.5 T and 443 (56.7%) were per-
formed at 3.0 T. Liver morphology was 
normal in 253 (32.4%), indeterminate 
in 102 (13.1%), and cirrhotic in 426 
(54.5%) examinations. The fat fraction 
was available in 778 (99.6%) examina-
tions. The average calculated fat frac-
tion was 3.4% 6 5.8 (range, 214% to 
39%), with 233 (29.8%) examinations 
showing liver steatosis (fat fraction  
5%). T2* was available in 767 (98.2%) 
MR imaging examinations. The aver-
age T2* was 26.6 msec 6 6.8 (range,  
4.7–43.4 msec) at 1.5 T and 19.9 msec 6  
6.7 (range, 4.5–58.6 msec) at 3.0 T, 
with 163 of 781 (20.9%) examinations 
demonstrating iron deposition (89 at 
1.5 T and 74 at 3.0 T). A metallic-relat-
ed artifact was observed in 236 of 781 
(30.2%) examinations. The mean sub-
cutaneous fat thickness was 12.5 mm 
6 6.2 (2.0–47.5 mm). Ascites was pre-
sent in 230 (29.4%) examinations, in-
cluding 41 (5.2%) with massive ascites.

Technical failure of MR elastogra-
phy was observed in 12 of 338 (3.5%) 
examinations at 1.5 T and 68 of 443 
(15.3%) examinations at 3.0 T, for a 
total of 80 (10.2%) examinations with 
technical failure. In total, there were 55 
(7.0%) instances of no wave propaga-
tion or only disorganized wave pattern 
and 25 (3.2%) instances with presence 
of waves but no liver coverage on the 
confidence map.

There was excellent interobserver 
agreement for assessment of MR elas-
tography failure (Cohen k coefficient, 
0.781). In the 701 technically successful 
MR elastography examinations, mean 
liver stiffness was 5.1 kPa 6 3.0 (range, 
1.2–17.6 kPa). The waves had poor 
but sufficient penetration in 69 (9.8%) 
examinations and good penetration in 
632 (90.2%) examinations. The cover-
age on the confidence map was lower 
than 25% of the liver parenchyma in 
95 (13.6%) examinations and larger 
than 25% of the liver in 606 (86.4%) 
examinations.

(ORs) and their 95% confidence inter-
vals (CIs) were estimated. Since T2* 
is system dependent, T2* was not con-
sidered in multivariable analyses to 
help in the identification of indepen-
dent predictors of MR elastography 
failure; T2* was represented in the 
multivariable model only through the 
binary indirect indicator of iron (iron 
deposition T2* , 24 msec at 1.5 T and 
, 14 msec at 3.0 T). The significant 
parameters in the univariate analysis 
that were only available in the sub-
population with chronic liver disease 
were not represented in the multivari-
able model, because we wanted also to 
include patients without chronic liver 
disease in the multivariable model. Re-
ceiver operating characteristic curve 
analysis and the Youden index were 
used to identify a threshold of quanti-
tative parameters (T2*, BMI, weight) 
that maximized the average of sen-
sitivity and specificity for predicting 
MR elastography failure. The Cohen k 
coefficient for agreement between the 
two observers for assessment of quali-
tative MR elastography was calculated 
to assess interobserver agreement for 
diagnosis of MR elastography failure. 
All statistical tests were conducted at 
the two-sided 5% significance level by 
using software (SAS 9.3; SAS Insti-
tute, Cary, NC).

Results

Patient Characteristics
The cohort included 691 patients (434 
[62.8%] were male and 257 [37.2%] 
were female), with a mean age of 58 
years 6 12 (range, 12–86 years). Be-
cause some patients underwent re-
peated MR elastography examinations 
(one patient underwent four, nine pa-
tients underwent three, and 69 patients 
underwent two examinations), a total 
of 781 MR elastography examinations 
were assessed in this study. The indi-
cations for liver MR imaging included 
chronic liver disease in 650 (83.2%) 
examinations, focal liver lesions in 92 
(11.8%) examinations, elevated liver 
enzymes in 19 (2.4%) examinations, 
and other indications in 20 (2.6%) 

250–350-mm2 regions of interest were 
drawn by three additional observers 
(G.L., S.E., or J.L., all radiology resi-
dents); one was drawn in the right he-
patic lobe and one in the left hepatic 
lobe, avoiding large vessels and any 
focal liver lesion at the level of the por-
tal bifurcation. The hepatic fat fraction 
was computed by using the following 
equation:

	 ,

where FF is the fat fraction, SIIP is the 
signal intensity on in-phase images, SIOP 
is the signal intensity on out-of-phase 
images. Presence of hepatic steatosis 
was defined as a fat fraction higher than 
5% (23).

Iron deposition was assessed by us-
ing region of interest placement similar 
to that for fat quantification with T2* 
imaging. Liver T2* maps were auto-
matically provided by the MR imaging 
system and were computed by using a 
monoexponential fit of the signal inten-
sity on images from the T2* multi–gra-
dient-echo sequence. Presence of iron 
deposition was defined as liver T2* less 
than 24 msec at 1.5 T and less than 14 
msec at 3.0 T (24,25).

Statistical Analysis
Results were presented as mean 6 
standard deviation and range for 
quantitative variables and number and 
percentage of patients for categori-
cal variables. Generalized estimating 
equations based on a binary logistic 
regression model with a working cor-
relation matrix were used to assess 
the utility of specific features for the 
prediction of technical failure of MR 
elastography. The binary indicator of 
failure of MR elastography served as 
the dependent variable and the work-
ing correlation matrix was block di-
agonal with each block representing 
the covariance matrix for the observa-
tions derived for a given subject. Fac-
tors significantly associated (P , .05) 
with the outcome were entered in a 
multivariable logistic model. Patients 
with missing data were excluded from 
the multivariable model. Odds ratios 
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Factors of MR Elastography Failure
The results are presented in Table 2.  
Technical failure of MR elastogra-
phy was not significantly associated 
with sex, age, or race and ethnicity. 
A higher weight and BMI were associ-
ated with failure of MR elastography, 
and the technical failure rate increased 
with BMI (BMI , 25 vs BMI 25, 7.9% 
[22 of 279] vs 12.5% [56 of 448]; P = 
.021) (Fig 1), while subcutaneous fat 
thickness, liver fat fraction, and ste-
atosis (as a binary measure) were not 
associated with MR elastography fail-
ure. A weight higher than 77.1 kg and 
a BMI higher than 26.8 were predic-
tors of technical failure, with sensitiv-
ity of 59.0% (46 of 78) and 64.6% (51 
of 79), respectively, and specificity of 
59.9% (394 of 658) and 55.6% (387 of 
696), respectively.

The presence of chronic liver dis
ease was not associated with failure of 
MR elastography (P = .252), while the 
technical failure rate was higher in ex-
aminations of patients with liver cirrho-
sis and was dependent on the cause of 
liver disease. Examinations of patients 
with alcoholic liver disease had a higher 
risk of technical failure (28.6%, 14 of 
49) compared with those of the pa-
tients with nonalcoholic liver diseases. 
The presence of massive ascites also 
was associated with failure of MR elas-
tography (Fig 2).

In the subgroup of patients with 
chronic liver disease, while the AST-
to-platelet ratio index score was not 
predictive of MR elastography failure, 
a higher fibrosis-4 score and a lower 
platelet count were associated with 
technical failure. In the subgroup of pa-
tients with cirrhosis, MR elastography 
failure was significantly associated with 
more advanced disease, according to 
Child-Pugh and MELD scores.

The use of a 3.0-T system with a 
GRE-based MR elastography sequence 
was significantly associated with tech-
nical failure, while the presence of clip 
artifacts was not. T2* value at 1.5 T 
was not a significant predictor of MR 
elastography failure (P = .250), while 
T2* value at 3.0 T was a significant 
predictor of MR elastography failure  
(P , .001). For patients imaged at 

Table 1

Characteristics of the Study Population

Characteristic Data

Total study population 691
  Age (y) 58 6 12 (12–86)
  Sex
    Male 434 (63)
    Female 257 (37)
  Weight (kg)* 76.7 6 15.7 (38–139)
  BMI (kg/m2)* 26.8 6 4.8 (14–47)
  BMI category
    ,19 16 (2)
    19–25 220 (32)
    25–30 263 (38)
    . 30 142 (21)
    Not available 50 (7)
  Race
    White 202 (29)
    Nonwhite 288 (42)
    Unspecified 201 (29)
  Chronic liver disease 567 (82)
Subpopulation with chronic liver disease 567
  Cause of chronic liver disease
    Hepatitis C virus 299 (53)
    Hepatitis B virus 106 (19)
    Alcohol abuse 47 (8)
    Nonalcoholic steatohepatitis 49 (9)
    Other 53 (9)
    Miscellaneous (association of multiple causes) 13 (2)
  AST (U/L)* 66.5 6 66.4 (10–928)†

  Alanine aminotransferase, (U/L)* 59.7 6 70.4 (5–931)†

  Platelet count (3 103/mL)* 135.5 6 75.9 (11–714)‡

  AST-to-platelet ratio index score* 1.50 6 1.97 (0.1–17.4)
  Fibrosis-4 score* 5.8 6 5.8 (0.33–49.5)
Subpopulation with cirrhosis§ 59
  International normalized ratio* 1.23 6 0.29 (0.8–3.2)
  Serum bilirubin (mg/dL)* 1.90 6 3.06 (0.2–34.3)||

  Serum albumin (g/dL)* 3.53 6 0.71 (1.5–5.5)#

  Serum creatinine (mg/dL)* 1.03 6 0.52 (0.54–8.26)**
  MELD score* 11.2 6 4.7 (6.4–36.7)
  Child Pugh score
    A 220 (61)
    B 84 (23)
    C 30 (8)

Note.—Unless otherwise indicated, data are number of patients, with percentage in parentheses. For patients who underwent 
multiple MR elastography examinations, data presented are at the time of the first MR imaging examination. 

* Data are means 6 standard deviation, with the range in parentheses.
† To convert to Système International (SI) units (microkatals per liter), multiply by 0.0167.
‡ To convert to SI units (3 109 per liter), multiply by 1.
§ International normalized ratio, MELD score, and Child-Pugh score were not available for 25 patients.
|| To convert to SI units (micromoles per liter), multiply by 17.104.
# To convert to SI units (grams per liter), multiply by 10.

** To convert to SI units (micromoles per liter), multiply by 88.4.
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Table 2

Factors Associated with Failure of MR Elastography at Univariate Analysis 

Factor Success (n = 781) Failure (n = 80) OR* P Value

Age† 58.1 6 12.3 59.8 6 11 1.01 (0.99, 1.03) .198
Sex 1.68 (1, 2.82) .051
  Male 439/498 (88.2) 59/498 (11.8)
  Female 262/283 (92.6) 21/283 (7.4)
Race NA (NA) .902
  White 212/234 (90.6) 22/234 (9.4)
  Nonwhite 302/337 (89.6) 35/337 (10.4)
  Unknown 187/210 (89.0) 23/210 (11.0)
BMI† 26.4 6 4.7 27.8 6 4.4 1.06 (1.01, 1.11) .012§

BMI category‡ 1.43 (1.06, 1.92) .021§

  ,19 18/19 (94.7) 1/19 (5.3)
  19–25 239/260 (91.9) 21/260 (8.1)
  25–30 262/295 (88.8) 33/295 (11.2)
  . 30 130/153 (85.0) 23/153 (15.0)
Weight (kg)† 75.7 6 15.4 81.1 6 4.4 1.02 (1.01, 1.04) .005§

Chronic liver disease 2.21 .001§

  None 121/131 (92.4) 10/131 (7.6)
  Hepatitis C virus 311/345 (90.1) 34/345 (9.9)
  Hepatitis B virus 119/134 (88.8) 15/134 (11.2)
  Alcohol abuse 35/49 (71.4) 14/49 (28.6)
  Nonalcoholic steatohepatitis 48/52 (92.3) 4/52 (7.7)
  Others 55/56 (98.2) 1/56 (1.8)
  Miscellaneous 12/14 (85.7) 2/14 (14.3)
Liver morphology 2.09 .004§

  Noncirrhotic or indeterminate 331/355 (93.2) 24/355 (6.8)
  Cirrhosis 370/426 (86.9) 56/426 (13.1)
Liver iron deposition# 5.17 ,.001§

  No iron 566/604 (93.7) 38/604 (6.3)
  Iron deposition 121/163 (74.2) 42/163 (25.8)
T2* at 1.5 T (msec) 26.5 6 6.8 28.4 6 5.2 .250
T2* at 3.0 T (msec) 21.2 6 5.7 12.9 6 7.1 ,.001§

Liver steatosis status|| 1.22 (0.75, 1.99) .449
  No steatosis 492/545 (90.3) 53/545 (9.7)
  Liver steatosis 206/233 (88.4) 27/233 (11.6)
Fat fraction (%)† 3.3 6 5.8 4.0 6 6.2 1.02 (0.98, 1.06) .241
Subcutaneous fat thickness (mm)† 12.4 6 6.1 13.0 6 6.7 1.01 (0.98, 1.05) .510
Ascites 2.13 (1.71, 2.65) ,.001§

  None 509/551 (92.4) 42/551 (7.6)
  Mild 136/148 (91.9) 12/148 (8.1)
  Moderate 38/41 (92.7) 3/41 (7.3)
  Massive 18/41 (43.9) 23/41 (56.1)
Presence of metallic artifacts 218/236 (92.4) 18/236 (7.6) 0.64 (0.37, 1.11) .113
Field strength 4.93 (2.62, 9.26) ,.001§

  1.5 T 326/338 (96.4) 12/338 (3.6)
  3.0 T 375/443 (84.7) 68/443 (15.3)
Population with chronic liver disease
  AST-to-platelet ratio index score† 1.46 6 1.96 1.72 6 1.53 1.06 (0.95, 1.19) .208
  Fibrosis-4 score† 5.65 6 5.85 7.16 6 5.14 1.04 (1, 1.07) .022§

  Platelet count† 136.61 6 75.15 108.97 6 136.61 0.99 (0.99, 1) .002§

Table 2 (continues)
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Factor Success (n = 781) Failure (n = 80) OR* P Value

Population with cirrhosis
  Child-Pugh score** 2.57 (1.73, 3.82) ,.001§

    A 243/266 (91.4) 23/266 (8.6)
    B 78/95 (82.1) 17/95 (17.9)
    C 19/32 (59.4) 13/32 (40.6)
  MELD score†** 10.7 6 4.5 13.7 6 5.2 1.08 (1.03, 1.13) ,.001§

Note.—Unless otherwise indicated, data are proportion of patients, with percentage in parentheses. Generalized estimating equations were based on a binary logistic regression model. NA = not 
available.

* Data in parentheses are 95% CIs.
† Data are means 6 standard deviation.
‡ Not available for 54 patients.
§ Indicates a significant association.
# Not available for 14 patients.
|| Not available for 3 patients.

** Not available in 33 patients.

Table 2 (continued)

Factors Associated with Failure of MR Elastography at Univariate Analysis

3.0 T, a T2* less than or equal to 
15.0 msec was predictive of failure, 
with sensitivity of 67.6% (46 of 68) 
and specificity of 87.6% (325 of 371). 
The presence of iron deposition (as 
a binary measure) was significantly 
associated with MR elastography 
failure (Fig 3). The receiver operat-
ing characteristic curve analyses for 

predicting failure with T2* value, 
weight, and BMI are presented in Fig-
ure 4 and Table 3.

Independent Factors of MR Elastography 
Failure
In the multivariable analysis, presence 
of liver iron (P , .001; OR, 8.88 [95% 
CI: 4.89, 16.15]), use of a 3.0-T system 

(P , .001; OR, 9.93 [95% CI: 4.62, 
21.35]), massive ascites (P , .001; 
OR, 21.44; [95% CI: 9.28, 49.51]), and 
higher BMI (P = .004; OR, 1.09 [95% 
CI: 1.03,1.16]) were all independently 
associated with MR elastography tech-
nical failure. The use of 3.0 T, which 
was associated with at least two of the 
three other independent factors, led to 

Figure 1

Figure 1:  Graphs show distributions of the failure rate of MR elastography (acquired with two-dimensional GRE sequence) based on the presence or absence of 
cirrhosis, ascites, iron, MR field strength, BMI, and chronic liver disease etiology. Iron deposition is defined as liver T2* less than 24 msec at 1.5 T and less than 14 
msec at 3.0 T; liver steatosis is defined as fat fraction greater than 5%. CLD = chronic liver disease, EtOH = alcohol abuse, HBV = hepatitis B virus, HCV = hepatitis 
C virus, Misc = association of multiple causes, NASH = nonalcoholic steatohepatitis. 
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Figure 3

Figure 3:  Images in a 61-year-old man with hepatitis C virus cirrhosis. A, Liver MR elastogram acquired by using two-dimensional GRE sequence shows failure, 
with no pixel value with a confidence index higher than 95% on the confidence map and, B, no wave propagation (disorganized waves) on the wave image. C, T2* 
map shows severe iron deposition with T2* of 5 msec at 3.0 T. Patient was also overweight (BMI = 28.6) with no ascites.

Figure 2

Figure 2:  Images in a 62-year-old woman with alcoholic cirrhosis. A, MR elastogram of the liver acquired by using a two-dimensional GRE sequence shows failure, 
with no pixel value with a confidence index higher than 95% on the confidence map and, B, no wave propagation (disorganized waves) on the wave image. C, T2-
weighted single-shot fast spin-echo image shows massive ascites. Patient had iron deposition with a T2* of 5.5 msec at 3.0 T and was not overweight (BMI = 21.8).

technical failure in 38 of 56 (67.9%) ex-
aminations (Table 4).

Failed Examinations
Details of independent factors of fail-
ure are presented in Table 4. Only two 
failed MR elastography examinations 
did not show at least one independent 
determinant of MR elastography fail-
ure, while all the patients with iron de-
position and massive ascites and who 
underwent MR elastography at 3.0 T 
with a GRE-based sequence had failed 
examinations.

Patients with Repeat MR Elastography
Sixty-nine patients underwent two 
MR elastography examinations in our 

cohort. Among them, 10 had one tech-
nical failure and one had two failures. 
For eight (80%) of the patients with 
one failure, the technical failure oc-
curred at 3.0 T with the GRE-based 
MR elastography sequence, while the 
success occurred at 1.5 T (Fig 5). For 
one patient, the two MR elastography 
examinations were performed at 3.0 
T, but the T2* decreased between the 
two examinations, and iron deposition 
was present when the MR elastogra-
phy failed. The last patient underwent 
failed MR elastography at 1.5 T but MR 
elastography was successful at 3.0 T. 
No difference was found between the 
two examinations (no iron deposition, 
massive ascites, or high BMI). The 

patient with the two failed MR elas-
tography examinations was obese and 
the two examinations were performed 
at 3.0 T. Among the nine patients who 
underwent three MR elastography ex-
aminations, two patients had one MR 
elastography failure. One patient un-
derwent three MR elastography exami-
nations at 1.5 T, and no difference was 
found among the three examinations, 
except for borderline T2* (T2*, 23.6 
msec) at one of the successful exam-
inations. The second patient experi-
enced technical failure at 3.0 T and 
success at 1.5 T and 3.0 T. This patient 
had iron deposition as determined on 
the basis of three MR imaging exam-
inations. The patient who underwent 
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Figure 4

Figure 4:  Graphs show receiver operating characteristic curves for prediction of failure of MR elastography 
with use of T2*, weight, and BMI.

Table 3

Receiver Operating Characteristic Curve Analysis for Prediction of MR Elastography 
Failure by Using T2*, Body Weight, and BMI

Factor Threshold Area under the Curve* Sensitivity Specificity P Value

T2* at 1.5 T (msec) ,24.4 0.58 (0.43, 0.72) 11/12 (91.7) 98/316 (31.0) .371
T2* at 3.0 T (msec) ,15.0 0.81 (0.75, 0.88) 46/68 (67.7) 325/371 (87.6) ,.0001
Weight (kg) .77.1 0.60 (0.54, 0.67) 51/79 (64.6) 387/696 (55.6) .003
BMI (kg/m2) .26.8 0.59 (0.53, 0.66) 46/78 (59.0) 394/658 (59.9) .007

Note.—Unless otherwise indicated, data are proportion of patients, with percentage in parentheses.

* Data in parentheses are 95% CIs.

four MR elastography examinations ex-
perienced no technical failure.

Discussion

In our cohort of 781 MR elastogra-
phy examinations in 691 patients, 
MR elastography failed in 3.5% of 

the 1.5-T examinations and in 15.3% 
of the 3.0-T examinations, when the 
same type of GRE-based MR elas-
tography pulse sequence was used. 
Massive ascites, iron deposition, and 
the use of high field strength (3.0 T) 
were strongly associated with techni-
cal failure.

The technical failure rate of MR 
elastography reported in our study at 
1.5 T is consistent with rates previously 
reported (4%–5.6%) (9,14,26). On the 
other hand, the technical failure rate 
observed at 3.0 T was considerably 
higher (more than four times higher) 
than that at 1.5 T, although it was com-
parable to the technical failure rate re-
ported for transient elastography. We 
believe that the explanation for the 
higher rate of failure at 3.0 T observed 
in our study rests in the use of a GRE-
based MR elastography pulse sequence. 
The susceptibility artifacts are higher at 
3.0 T, approximately twice as high as 
those at 1.5 T (27,28), because they are 
responsible for signal loss and dephas-
ing (29), which may decrease the qual-
ity of wave imaging. Accordingly, a spin-
echo echo-planar imaging (EPI) pulse 
sequence is now being used routinely 
in commercial versions of MR elastog-
raphy at 3.0 T (30,31). However, some 
clinical MR imaging systems operating 
at 3.0 T have not yet been modified in 
this regard. Recently, Yoshimitsu et al 
(30) reported no technical failures in 
a series of 70 clinical MR elastography 
examinations performed at 3.0 T with a 
spin-echo EPI sequence. Moreover, re-
sults of a recent study (21) showed that 
the quality of the GRE MR elastogra-
phy images was lower than the quality 
of the spin-echo EPI MR elastography 
images at 3.0 T, with no failure with the 
use of the spin-echo EPI sequence in a 
cohort of 50 patients.

As expected and previously de-
scribed, the presence of iron deposition 
is associated with technical failure of 
MR elastography of the liver (9,14). In 
Yin et al (14), 55 of the 77 (71%) cases 
of failure had an inadequate signal-to-
noise ratio due to iron overload, and in 
Yoon et al (9), all six cases of failure 
were in patients with iron deposition at 
MR imaging and pathologic examina-
tion. Results of recent studies (21) have 
shown that the quality of the GRE MR 
elastography images correlated with 
liver T2* values at 3.0 T, with lower 
quality with shorter T2*, (ie, when the 
iron deposition increases). The long 
echo time of GRE MR elastography se-
quences explains the low signal-to-noise 
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ratio in liver iron overload (32). Indeed, 
the echo time was similar at 3.0 T to 
that at 1.5 T, which may explain the 
highest failure rate at 3.0 T. These re-
sults suggest that alternative pulse se-
quences, such as spin-echo EPI with a 
shorter echo time, should be used at 
3.0 T in patients with iron overload 
to decrease the risk of failure. Other 
options include the use of a pure spin-
echo sequence, which is less affected by 
the T2* decay, or a GRE sequence with 
fractional motion encoding to minimize 
echo time (33,34).

In our study, a high BMI was associ-
ated with an increased rate of MR elas-
tography technical failure. This result is 
in contradiction with the results of the 
study by Yin et al (14), which did not 
show a difference in BMI between the 
successful and failed MR elastography 
examinations. However, the low OR of 
1.09 in our study suggests that the ef-
fect is small.

Unlike Huwart et al (26), we found 
that massive ascites was a predictive 
factor of liver MR elastography failure 
with the highest OR. The discrepancy 
with the results of Huwart et al may 
be due to lack of patients with massive 
ascites in their study. Patients with ad-
vanced cirrhosis also had a high risk of 
MR elastography failure, as shown by 
the MELD and the Child-Pugh scores. 
This may be explained by the increased 
prevalence of massive ascites in pa-
tients with advanced cirrhosis.

Our study had several limita-
tions beyond its retrospective de-
sign. First, we assessed the failure 
rate by using equipment from only 
one manufacturer (GE Healthcare). 
The MR elastography acquisition pa-
rameters of systems from other ven-
dors are very similar when the same 
GRE sequence is used, with reported  
high interplatform reproducibility 
(35,36). Second, our study included 
only MR elastography examinations 
performed by using a GRE MR elastog-
raphy sequence. We did not use alter-
native sequences such as the spin-echo 
EPI MR elastography sequence, which 
is now available on the 3.0-T system 
used in this study, or fractional GRE 
MR elastography (30,34). However, 

Table 4

Description of the Factors Responsible for Failure of MR Elastography Examinations

Factors of Failure Failed Examinations (n = 80)
Failed Examinations per  
Patient Factor (n = 781)*

3.0 T, iron deposition, massive ascites, and 
overweight†

4 (5.0) 4/4 (100)

3.0 T, iron deposition, massive ascites 4 (5.0) 4/4 (100)
3.0 T, iron deposition, and overweight† 21 (26.2) 21/35 (60.0)
3.0 T, massive ascites, and overweight† 9 (11.2) 9/13 (69.2)
3.0 T and iron deposition 12 (15.0) 12/31 (38.7)
3.0 T and massive ascites 2 (2.5) 2/3 (66.6)
3.0 T and overweight† 13 (16.2) 13/203 (6.4)
Iron deposition and massive ascites 1 (1.2) 1/3 (33.3)
Massive ascites and overweight† 3 (3.8) 3/7 (42.8)
3.0 T 3 (3.8) 3/147 (2.0)
Overweight† 6 (7.5) 6/146 (4.1)
None‡ 2 (2.5) 2/92 (2.1)

Note.—Unless otherwise indicated, data are number of examinations, with percentage in parentheses.

* Data are proportion of the total number of patients with each factor who experienced MR elastography failure, with percentage 
in parentheses.
† Overweight defined as BMI . 25.
‡ None = no use of 3.0 T, no iron deposition, no massive ascites, no overweight.

Figure 5

Figure 5:  Images in a 53-year-old male patient with HCV cirrhosis. A, Liver MR elastogram acquired by 
using two-dimensional GRE sequence was successful at 1.5 T with large liver coverage by pixel values, with 
a confidence index higher than 95% on the confidence map and, B, good wave propagation, while, C, MR 
elastogram from repeat examination (162 days later) shows failure at 3.0 T, with no pixel value with a con-
fidence index higher than 95% on the confidence map, and, D, no wave propagation (disorganized waves) 
on the wave image. Patient had iron deposition on images from both examinations ( T2* = 7.5 msec at 3.0 T 
and 17.2 msec at 1.5 T ) and was overweight (BMI = 26, 27.6).
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