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Background: Magnetic resonance elastography (MRE) is a non-invasive test used to assess liver stiffness
and fibrosis in chronic liver disease, which includes systemic iron overload. However, iron deposition by itself
is associated with technical failure of MRE of the liver which necessitates the use of invasive liver biopsy as
an alternative monitoring method for these patients. T2*-weighted magnetic resonance imaging (T2*) is a
reliable modality to asses for hepatic as well as total body iron overload. Therefore, we aimed to determine a
cutoff value on the T2* reading at which MRE would no longer provide accurate stiffness measurements in
patients with iron overload.
Methods: Ninety-five patients with iron overload who underwent MRE at our institution, between 2010 and
2017 were reviewed retrospectively. We compared T2* values between patients with adequate elastography
(N=63) versus those with non-diagnostic elastography (N=32). We additionally examined the ability of T2* to
predict the likelihood of non-diagnostic elastography by estimating area under the ROC curve (AUC).
Results: T2* was significantly different between patients with and without an adequate elastography
(P<0.0001) and predicted occurrence of non-diagnostic elastography with an AUC of 0.95. All patients with
a non-diagnostic elastography had a T2* value below 20 milliseconds (ms), and correspondingly 55% of the
patients with a T2* value below 20 ms had a non-diagnostic elastography. The subgroups of patients with a
T2* value ≤10, ≤8, and ≤6 ms, had a higher likelihood of non-diagnostic elastography (87%, 92%, and 95%,
respectively).
Conclusions: T2* can be used to accurately predict which patients are most likely to have a non-diagnostic
elastography reading. T2* of 20 ms or lower reflects a higher likelihood of non-diagnostic elastography.
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Introduction
Systemic iron overload is a disorder characterized by
high levels of plasma iron with subsequent deposition in
multiple organs such as liver, pancreas, heart, pituitary
gland and joints (1-3). Excess accumulation of iron may
lead to life-threatening complications primarily related to
the liver, including liver fibrosis, cirrhosis, liver failure and
hepatocellular carcinoma (4,5). Thus, assessing for iron
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overload burden and monitoring for liver complications has
been described in the management guidelines of various iron
overload conditions such as hereditary hemochromatosis
and thalassemia (6,7). Hepatic iron concentration provides
a reliable indication of total body iron levels (6,8). The
gold standard for measuring hepatic iron concentration is
liver biopsy; however, liver biopsy is invasive, susceptible to
sample variability from uneven hepatic iron concentration,
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and in rare cases confounded by severe and potentially lifethreatening complications (9,10). Non-invasive magnetic
resonance imaging, has recently been favored as an initial
diagnostic test for assessing iron overload via the parameter
T2*, an exponential decay constant that can be calculated
from a single gradient-echo sequence with multiple echo
times. T2* sequences have demonstrated a high sensitivity
in detecting hepatic as well as cardiac iron deposition, even
in the early stages of the disease (11-15), and T2* values
have been shown to correlate well with biopsy-proven
liver iron concentrations (16,17). Unlike the small samples
obtained from liver biopsy, T2* includes data from a large
cross-section of the liver.
Liver fibrosis is another important factor in predicting
the prognosis and influencing the treatment of iron
overload conditions (18). Magnetic resonance elastography
(MRE) is a non-invasive imaging modality that measures
liver stiffness and reliably determines the degree of liver
fibrosis (19). Liver stiffness may occur in iron overload
diseases due to iron deposition in the tissue, triggering
the development of fibrosis, which in turn increases liver
stiffness. Also, iron deposition by itself may directly
contribute to increased liver stiffness.
Traditionally, MRE is a gradient echo technique. One of
its main limitations is that susceptibility artifact from excess
iron deposition degrades signal intensity in MRE sequences,
leading to technical failure of elastography, resulting in
non-diagnostic readings and decreasing MRE’s diagnostic
reliability (20-22). As a result, patients with non-diagnostic
MRE studies will not benefit from MRE in monitoring
their disease, and will require alternative approaches,
possibly including invasive liver biopsies.
To the best of our knowledge, there are no previous
studies assessing the hepatic iron levels at which traditional
MRE becomes non-diagnostic. In our study, we used T2*
values to evaluate for hepatic iron overload and aimed to
determine a cutoff T2* value above which MRE could
provide accurate stiffness measurements. In addition, we
assessed the ability of T2* values to predict the occurrence
of non-diagnostic elastography in iron overload patients.
Methods
Study subjects
A total of 95 consecutive iron overload patients who
underwent MRE at the Mayo Clinic in Jacksonville, Florida
(MCF) between June 2010 and June 2017 were included
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in this retrospective study. Patients were extracted from
an internal HIPAA compliant, IRB-approved database
housing all patients seen at MCF with either: (I) an ICD9
diagnosis of iron overload or hemochromatosis; (II) a positive
HFE gene mutations; (III) presenting to the Hereditary
Hemochromatosis Clinic at MCF. MRE sequences were
performed on 1.5 T scanners as previously described (Siemens
Avanto, Berlin, Germany) (21). Briefly, a plastic drum driver
is held in place against the anterior body wall by an elastic
band. MRE two-dimensional gradient-echo sequences were
then applied through 4 sections of the liver, each during
a single breath-hold while 60 Hz acoustic pressure waves
are applied to the plastic driver. Liver stiffness confidence
maps were generated via an established post-processing
technique (21), and stiffness measured manually from a
given region of interest. The average of the liver stiffness
measurements form the 4 slices yielded the recoded liver
stiffness. Other MRI parameters were obtained concurrently
on one of several 1.5T scanners at our institution (Siemens
Avanto, Espree, or Aera). Liver T2* values were generated
by methods previously reported (14,17). Briefly, a transverse
slice through the liver was obtained during a single breathhold multi-echo gradient echo sequence with 12 echo times
ranging between approximately 1 and 22 ms, depending on
the scanner. From these images a T2* map of the imaged
liver slice are generated, with T2* measured manually from a
given region of interest. All patients in the database who had
undergone MRE were reviewed. Information was collected
regarding patient characteristics [age, sex, weight, body mass
index (BMI), race, hereditary hemochromatosis, diabetes,
chronic kidney disease, anemia, history of iron overload,
family history of iron overload, and history of alcohol use]
and liver MRI information (HCC, iron overload, hepatic
steatosis, cirrhotic morphology, MRE value, liver lesion, fat,
and T2*). The primary outcome measure of the study was
occurrence of a non-diagnostic elastography.
Statistical analysis
Continuous variables were summarized with the sample
median and range. Categorical variables were summarized
with number and percentage of patients. Comparisons of
T2* values as well as other patient and MRI characteristics
between patients with adequate and non-diagnostic
elastography were made using a Wilcoxon rank sum test
or Fisher’s exact test. We examined the ability of T2*
measurements to predict occurrence of non-diagnostic
elastography by estimating area under the ROC curve
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Table 1 Patient characteristics and liver MRI information for the overall cohort and according to presence of non-diagnostic MRE
Variable

All patients (N=95) Non-diagnostic elastography (N=32) Adequate elastography (N=63)

P value

Patient characteristics
Age at elastography (years)

57 (31, 84)

56 (34, 84)

58 (31, 81)

0.92

Sex (male)

67 (70.5%)

21 (65.6%)

46 (73.0%)

0.48

58 (93.5%)

0.018

Race (White)

81 (87.1%)

23 (74.2%)

Weigh (kg)

85.0 (48.0, 136.0)

80.2 (50.9, 136.0)

88.5 (48.0, 127.0)

0.018

BMI

26.6 (18.3, 45.1)

25.1 (18.6, 41.2)

27.0 (18.3, 45.1)

0.068

Hereditary hemochromatosis

64 (67.4%)

17 (53.1%)

47 (74.6%)

0.041

Diabetes

29 (30.5%)

12 (37.5%)

17 (27.0%)

0.35

Chronic kidney disease

24 (25.3%)

12 (37.5%)

12 (19.0%)

0.079

Anemia

19 (20.0%)

11 (34.4%)

8 (12.7%)

0.016

History of iron overload

69 (72.6%)

27 (84.4%)

42 (66.7%)

0.089

9 (9.6%)

1 (3.2%)

8 (12.7%)

0.26

43 (45.3%)

17 (53.1%)

26 (41.3%)

0.29

Family history of iron overload
History of alcohol use
Number of drinks per week

0.21

None

52 (56.5%)

15 (50.0%)

37 (59.7%)

Up to 7

27 (29.3%)

8 (26.7%)

19 (30.6%)

7 to 14

10 (10.9%)

5 (16.7%)

5 (8.1%)

3 (3.3%)

2 (6.7%)

1 (1.6%)

1 (1.1%)

1 (3.1%)

0 (0.0%)

0.34

54 (57.4%)

30 (93.8%)

24 (38.7%)

<0.0001

6 (6.5%)

1 (3.2%)

5 (8.2%)

0.66

Cirrhotic morphology

13 (14.0%)

3 (9.7%)

10 (16.1%)

0.53

MRE value (kPa)

2.4 (1.5, 6.7)

N/A

2.4 (1.5, 6.7)

N/A

Liver lesion

10 (10.6%)

6 (18.8%)

4 (6.5%)

0.084

5 (5.4%)

1 (3.2%)

4 (6.6%)

0.66

22.0 (2.6, 41.0)

<0.0001

More than 14
Liver MRI information
HCC
Iron overload
Hepatic steatosis

Fat
T2* (ms)

16.0 (2.6, 41.0)

6.0 (3.0, 18.0)

The sample median (minimum, maximum) is given for continuous variables. P values result from Fisher’s exact test or a Wilcoxon rank
sum test comparing variables between patients with non-diagnostic elastography and adequate elastography. Information was unavailable
regarding race (N=2), family history of iron overload (N=1), number of drinks per week (N=3), HCC (N=1), iron overload from liver MRI
(N=1), hepatic steatosis (N=3), cirrhotic morphology (N=2), MRE value (N=2), liver lesion (N=1), and fat (N=3). MRE, magnetic resonance
elastography; BMI, body mass index; N/A, not available.

(AUC); an AUC of 0.5 indicates predictive ability equal
to chance and an AUC of 1.0 indicates perfect predictive
ability. Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were estimated. P
values of 0.05 or lower were considered to be statistically
significant. All statistical tests were two-sided. Statistical
analyses were performed using SAS (version 9.4; SAS

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Institute, Inc., Cary, North Carolina).
Results
Patient and liver MRI characteristics
A summary of patient and liver MRI characteristics is
shown in Table 1 for the overall cohort of 95 patients
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Figure 1 T2* values according to occurrence of non-diagnostic
elastography. The sample median for each group is shown with a

T2* predicted non-diagnostic elastography with an AUC
of 0.95 at a cutoff of 20 ms, and this is shown in further
detail in Figures 1 and 2. Sensitivity, specificity, PPV, and
NPV estimates are shown in Table 2. All 32 patients with
non-diagnostic elastography had a T2* value below 20 ms,
and correspondingly of the 58 patients with a T2* value of
20 ms or lower, 32 (55%) had non-diagnostic elastography.
The subgroups of patients with a T2* value ≤10 ms (N=30),
≤8 ms (N=26), and ≤6 ms (N=20), had a particularly high
likelihood of non-diagnostic elastography (87%, 92%, and
95%, respectively).

solid horizontal line.
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Figure 2 ROC curve illustrating the ability of T2* to predict
occurrence of non-diagnostic elastography. The area under the
ROC curve (AUC) regarding the predictive ability of T2* was 0.95.

as well as separately for patients with non-diagnostic
elastography (N=32, 33.7%) and those with adequate
elastography (N=63, 66.3%). Patient characteristics that
differed significantly between patients with and without a
non-diagnostic elastography included race (White: 74.2%
vs. 93.5%, P=0.018), weight (median: 80.2 vs. 88.5 kg,
P=0.018), hereditary hemochromatosis (53.1% vs. 74.6%,
P=0.041), and anemia (34.4% vs. 12.7%, P=0.016). For liver
MRI information, significant differences between the nondiagnostic and adequate elastography groups occurred for
iron overload (93.8% vs. 38.7%, P<0.0001) and the primary
measure of the interest in the study, T2* (median: 6.0 vs.
22.0 ms, P<0.0001).
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Previous studies have described various factors associated
with technical failure of MRE, with iron overload being
one of them, but no further sub-analysis was performed in
this particular subset of patients (20,21). In this study, we
focused on evaluating a group of patients diagnosed with iron
overload conditions who had non-diagnostic MRE results.
In our study, the presence of anemia and a diagnosis of
hereditary hemochromatosis were associated with nondiagnostic elastography exams. We did not perform further
analysis of these findings but realize that patients with
anemia may receive more frequent blood transfusions,
which may represent severe hematological disease that
eventually resulted in higher total body and hepatic iron
concentrations. Conflicting data has been reported in
regards to effects of BMI on technical accuracy of MRE.
In a study by Wagner et al. (20), BMI was independently
associated with increased technical failure rates of MRE
with a low odds ratio of 1.09. On the contrary, studies by
Yin et al. (21) and Chen et al. (23) showed no statistical
difference in BMI between successful and failed MRE
examinations. In our study, the non-diagnostic and adequate
elastography groups were both in the overweight category
based on the median BMI (25.1 and 27.0 kg/m2 respectively,
P=0.068) with no statistical difference. We have noticed
a statistically significant trend between the weights of the
non-diagnostic and adequate elastography groups (80.2
and 88.5 kg, P=0.018) which is difficult to analyze without
further available information such as weight circumference
or subcutaneous fat thickness. As expected and previously
described in literature (21,24), our study suggests that the
presence of hepatic iron overload on MRI readings was
more frequently associated with non-diagnostic MRE
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Table 2 Sensitivity, specificity, PPV, and NPV of T2* to predict non-diagnostic elastography at various cut-off points
Sensitivity (of non-diagnostic
Specificity (of adequate
PPV (of patients with a T2* ≤
Cutpoint in
elastography patients, % with elastography patients, % with given cutpoint, % that had nonT2* (ms)
T2* ≤ given cutpoint) (%)
T2* > given cutpoint) (%)
diagnostic elastography) (%)

NPV (of patients with a T2*
> given cutpoint, % that had
adequate elastography) (%)

34

32/32 (100.0)

2/63 (3.2)

32/93 (34.4)

2/2 (100.0)

32

32/32 (100.0)

3/63 (4.8)

32/92 (34.8)

3/3 (100.0)

30

32/32 (100.0)

5/63 (7.9)

32/90 (35.6)

5/5 (100.0)

28

32/32 (100.0)

11/63 (17.5)

32/84 (38.1)

11/11 (100.0)

26

32/32 (100.0)

17/63 (27.0)

32/78 (41.0)

17/17 (100.0)

24

32/32 (100.0)

22/63 (34.9)

32/73 (43.8)

22/22 (100.0)

22

32/32 (100.0)

29/63 (46.0)

32/66 (48.5)

29/29 (100.0)

20

32/32 (100.0)

37/63 (58.7)

32/58 (55.2)

37/37 (100.0)

18

32/32 (100.0)

40/63 (63.5)

32/55 (58.2)

40/40 (100.0)

16

31/32 (96.9)

44/63 (69.8)

31/50 (62.0)

44/45 (97.8)

14

30/32 (93.8)

50/63 (79.4)

30/43 (69.8)

50/52 (96.2)

12

29/32 (90.6)

54/63 (85.7)

29/38 (76.3)

54/57 (94.7)

10

26/32 (81.3)

59/63 (93.6)

26/30 (86.7)

59/65 (90.8)

8

24/32 (75.0)

61/63 (96.8)

24/26 (92.3)

61/69 (88.4)

6

19/32 (59.4)

62/63 (98.4)

19/20 (95.0)

62/75 (82.7)

4

9/32 (28.1)

62/63 (98.4)

9/10 (90.0)

62/85 (72.9)

PPV, positive predictive value; NPV, negative predictive value.

results. In addition, the T2* values were significantly
lower in patients with non-diagnostic elastography when
compared to patients with adequate elastography (median:
6.0 vs. 22.0 ms, P<0.0001). This is consistent with the
known signal degradation caused by increased iron in tissue
when using gradient echo-based MRI sequences (25).
Newer elastography sequences derived from spin-echo
techniques show promise in quantifying liver fibrosis even
in the presence of hepatic iron overload (26); however, the
traditional gradient echo technique is more prevalent in
routine clinical practice.
In our patient cohort, a hepatic T2* cut-off value of
20 ms (at 1.5 T) was predictive for non-diagnostic
elastography with an AUC of 0.95. For clinical relevance,
a value of T2* 20 ms correlated to liver iron concentration
(LIC) of 1.5 mg/g dry tissue based on a previously published
conversion formula (17). Despite the variant literature, the
95% upper limit of normal LIC is mostly described to be
around 1.8-mg/g dry tissue (27). A study by Bassett et al.
suggested that the cut-off value for LIC at which histological
evidence of hepatic damage occurs in patents with genetic
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hemochromatosis homozygotes was 22.3 mg/g dry
weight (28). Our subgroups of patients with a T2* value
≤10 ms equivalent to LIC of ≥2.7 mg/g, ≤8 ms equivalent
to LIC of ≥3.6 mg/g, and ≤6 ms equivalent to LIC of
≥5.1 mg/g , had a particularly high likelihood of a nondiagnostic elastography (87%, 92%, and 95%, respectively).
Our findings suggest that T2* values can accurately
predict non-diagnostic elastography outcomes. Even with a
“normal” LIC level of 1.5 mg/g, 55% of the MRE readings
will be non-diagnostic. The higher the LIC values, the
higher likelihood of non-diagnostic elastography results
with a 95% likelihood with LIC levels ≥5.1 mg/g. It may
therefore be necessary to resort back to liver biopsy to assess
fibrosis in such patients until spin-echo MRE techniques
become better validated and more widespread.
Several limitations of this study are important to bear in
mind. First, the retrospective nature of our study may have
negatively affected the accuracy of data collection. Second,
the number of patients with non-diagnostic elastography
was relatively small, and therefore validation of these
findings of a larger series of iron overload patients will be
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important. Third, the MR parameters measured were all
performed on 1.5 T scanners. T2* values at 1.5 and 3 T
are related (T2* at 1.5 T is roughly double that at 3 T), but
they are not identical (29). Therefore, our numerical results
for T2* should be extrapolated to 3 T systems with caution.
Additionally, at extremely high liver iron concentrations,
rapid signal decay during the gradient echo sequence makes
precise iron concentration measurements challenging, and
this is exacerbated in higher field strength scanners (15).
In conclusion, the results of this study suggest that T2*
values may accurately predict which patients will have a nondiagnostic MRE exam. Specifically, while a T2* of 20 ms or
lower (on a 1.5 T scanner) may signal the possibility of nondiagnostic elastography, values of ≤10, ≤8, and ≤6 ms appear
to indicate an especially high risk. Conversely, if T2* is greater
than 20, the likelihood of non-diagnostic elastography appears
very low as evidenced by the lack of any non-diagnostic
elastography patients with a T2* value greater than 20 ms in
our study.
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