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Abstract
Objectives To evaluate MRI using T1 and T2* mapping
sequences in patients with suspected hepatic iron overload
(HIO).
Methods Twenty-five consecutive patients with clinically
suspected HIO were retrospectively studied. All underwent
MRI and liver biopsy. For the quantification of liver T2*
values we used a fat-saturated multi-echo gradient echo
sequence with 12 echoes (TR0200 ms, TE00.99 ms+ n×
1.41 ms, flip angle 20°). T1 values were obtained using a
fast T1 mapping sequence based on an inversion recovery
snapshot FLASH sequence. Parameter maps were analysed
using regions of interest.
Results ROC analysis calculated cut-off points at 10.07 ms
and 15.47 ms for T2* in the determination of HIO with
accuracy 88 %/88 %, sensitivity 84 %/89.5 % and specific-
ity 100 %/83 %. MRI correctly classified 20 patients (80 %).
All patients with HIO only had decreased T1 and T2*
relaxation times. There was a significant difference in T1
between patients with HIO only and patients with HIO and
steatohepatitis (P00.018).

Conclusions MRI-based T2* relaxation diagnoses HIO
very accurately, even at low iron concentrations. Important
additional information may be obtained by the combination
of T1 and T2* mapping. It is a rapid, non-invasive, accurate
and reproducible technique for validating the evidence of
even low hepatic iron concentrations.
Key Points
• Hepatic iron overload causes fibrosis, cirrhosis and increases
hepatocellular carcinoma risk.

• MRI detects iron because of the field heterogeneity gener-
ated by haemosiderin.

• T2* relaxation is very accurate in diagnosing hepatic iron
overload.

• Additional information may be obtained by T1 and T2*
mapping.
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Abbreviations
HH hereditary haemochromatosis
HII hepatic iron index
HIC hepatic iron concentration
HIO hepatic iron overload
LIC liver iron concentration
MRI magnetic resonance imaging
SH steatohepatitis

Introduction

Hereditary haemochromatosis (HH) is a systemic iron over-
load syndrome that is typically associated with homozygos-
ity for the C282Y polymorphism of the HFE gene that
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induces excessive intestinal absorption of iron from the diet.
Excess iron accumulates mainly in the liver. Cardiac, pan-
creatic and pituitary iron overload are typical manifestations
of early onset severe iron overload syndromes such as
juvenile haemochromatosis, which is caused by defects of
the haemojuvelin or hepcidin gene. In addition to these
primary genetic disorders of iron metabolism, iron overload
can also result from excessive iron absorption or repeated
transfusion secondary to ineffective erythropoiesis and
anaemia [1]. As humans have no route for the regulated
excretion of iron, excess iron is mainly stored in the liver
where iron-induced organ damage can ultimately result in
cirrhosis and hepatocellular carcinoma. Depending on the
underlying cause of iron overload, hepatic iron accumulates
either in hepatocytes or in macrophages [2].

Haemochromatosis is a progressive disorder and clinical
manifestations of the disease can be prevented by phlebot-
omy or iron chelation. Genetic testing for haemochromato-
sis allows the determination of individuals at risk of
developing iron overload, but the penetrance of haemochro-
matosis is only 15 % in individuals homozygous for the
C282Y polymorphism. This illustrates that methods that
detect hepatic iron overload (HIO) early are required [3, 4].

Serum iron parameters have poor sensitivity and speci-
ficity for the assessment of body iron stores [5]. Therefore
the most reliable method of assessing body iron stores is the
quantification of iron in liver biopsies. Limitations of this
method include sampling errors and its invasiveness.

Magnetic resonance imaging (MRI) is therefore an attrac-
tive non-invasive alternative for the quantification of hepatic
iron [6–8]. Detection of iron by MRI is based on local field
heterogeneities generated mostly by the paramagnetic effect
of haemosiderin particles. However, only a few accepted
and applicable techniques are available: calculation of the
liver to muscle signal intensity (SI) ratio in gradient echo
sequences described by Gandon et al., measurement of R2

and R2* which was rigorously validated by St Pierre et al.
(R2 mapping) and Wood et al. (R2* mapping), calculation of
relaxation time constants in T2* by Chandarana et al. or
chemical shift imaging as published by Lim et al. [9–16].

The objective of this study was to investigate the impact of
HIO on T1 and T2* relaxation times and to correlate changes in
the relaxation times with the results obtained by liver biopsy.
Our intention is to further improve and validate the MR proto-
col for the accurate assessment of hepatic iron content.

Materials and methods

Patients

We retrospectively studied 25 patients (19 men and 6 wom-
en; mean age 43 years, range 28–69 years) who underwent

liver MRI and who had concomitant liver biopsy between
March 2003 and October 2010. All patients were referred to
our department for evaluation of HIO on the basis of clinical
criteria or because of increased serum ferritin (>300 μg/L in
male patients and >200 μg/L in female patients) or transfer-
rin saturation (>45 % in male patients and >50 % in female
patients). Each patient in this study underwent both percu-
taneous needle biopsy of the liver and MR imaging before
biopsy. No patient had a history of blood transfusion or was
a thalassemia major carrier. The time interval between bi-
opsy and MRI imaging was less than 1 month (mean 5 days,
range 1–16 days). All patients were tested for the C282Y
and H63D polymorphisms of the HFE gene. None of the
patients had phlebotomy or abnormal bleeding between
liver biopsy and MRI. Written informed consent was
obtained from each patient before performing the imaging
procedure and the liver biopsy. Institutional review board
approval was granted by means of a general waiver for
studies with retrospective data analysis (local research ethics
committee, Medical University of Innsbruck; 20 February
2009).

Liver biopsy

Ultrasound-guided percutaneous liver biopsy was carried
out using a 16-gauge Tru-cut biopsy needle. HIO was de-
fined as a liver iron concentration (LIC) greater than
25 μmol Fe/g or hepatic iron index (HII)≥1.9 [17, 18].

Hepatic steatosis was assessed by determining the per-
centage of fatty hepatocytes [19]. A fraction of greater then
5 % was defined as steatohepatitis (SH).

MR imaging techniques

Magnetic resonance imaging of the liver was performed on a
clinical 1.5-T system equipped with at 45 mT/m gradient
system (Avanto 76×32, Siemens Healthcare Sector, Erlan-
gen, Germany). All subjects underwent our routine liver
MRI protocol for iron evaluation including the following
breath-hold sequences with a flexible six-element body ma-
trix coil in transverse orientation: for the quantification of
liver T1 values we used a fast T1 mapping sequence based
on an inversion recovery snapshot fast-low angle shot
(FLASH) sequence which allowed the acquisition of a sin-
gle T1 map during one breath-hold with 5-mm slice thick-
ness. This sequence was originally described by Haase et al.
and details of sequence implementation and T1 calculation
have been published elsewhere [20, 21]. T2* values were
obtained using a fat-saturated multi-gradient echo sequence
with 12 echoes (TR0200 ms, TE00.99 ms+ n×1.41 ms,
flip angle 20°). During one breath-hold a single slice with
10-mm slice thickness was acquired and the acquisition was
repeated for five different slice positions. The matrix was
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held constant at 128×128 pixels with 360×360-mm field of
view. Total facility time per patient was about 8 min.

MRI assessment and evaluation

Images were analysed off-line using ImageJ (Wayne Ras-
band, National Institutes of Health, Bethesda, MD, USA)
whereby T1 and T2* parameter maps were calculated from
acquired images. The fitting algorithm for the T1 maps has
been described before [20]. For the calculation of T2* maps
a simple mono-exponential fitting routine was applied. Us-
ing these parameter maps the T1 and T2* times were mea-
sured in three regions of interest (ROIs) larger than 1 cm2

(range 1–3 cm2), whereby identical ROIs were used in T1
and T2* maps. Two ROIs were placed in the right lobe and
one in the left lobe (Fig. 1). They were placed with care
taken to avoid artefacts, major vascular structures and
lesions (e.g. cysts, haemangioma etc.). The average of all
measurements (mean T1 or T2*) was calculated for each
sequence.

On the basis of previously published studies values in the
range 530–610 ms were considered to be normal for T1 in
the liver and 18–30 ms for T2* [22–25].

On the basis of a synthesis of clinical history with follow-
up information, liver biopsy and genetic results, final clini-
cal diagnosis of hepatic iron overload (HIO), steatohepatitis
(SH) or a combination of both (HIO + SH) was made. Mean
follow-up time was 22 months (range 12–32 months).

On the basis of these data, patients were divided into four
groups: patients with HIO, patients with SH, patients with a
combination of both (HIO + SH) or healthy patients without
pathological liver iron or steatosis, referred to hereafter as
group HIO, group SH, group HIO + SH and group H.

Statistical analysis

The R Project for Statistical Computing (R version 2.13.1)
was used. The non-parametric Kruskal–Wallis test was per-
formed for any significant differences between T1 and T2*

relaxation times of the different groups (H/HIO/SH/HIO +
SH). The Wilcoxon rank sum test including P value correc-
tions for multiple testing (Holm method) was applied to
compare the groups pairwise. P values less than 0.05 were
considered to indicate a statistically significant result. Re-
ceiver operating characteristic (ROC) curves were drawn to
assess cut-off levels for the MRI algorithm of T2* mapping
to determine the diagnostic performance of MRI for the
diagnosis of HIO. Maximum accuracy was taken as a crite-
rion to define the optimal cut-off points. Applying the cut-
off levels thus obtained to the present data, we used the
Wilson method to estimate the 95 % confidence intervals
(95 % CI) for the diagnostic parameters sensitivity, speci-
ficity, positive and negative predictive values (PPV, NPV)
and accuracy.

Results

Histopathological findings with clinical correlation

Of 25 patients in the study group, 9 had evidence of iron
overload only, 5 had steatohepatitis and 10 patients had
both. One patient had a normal liver iron concentration
and no evidence of fatty liver.

Histopathological analysis showed liver fibrosis grade 3
in 4 patients, 1 patient had grade 2 and 3 patients grade 1
fibrosis. Fibrosis was associated with HIO and/or steatosis
in all patients.

The results of HFE gene testing are shown in Table 1; 4
patients had the haemochromatosis-associated genotype
C282Y homozygosity and an additional 4 patients were
compound heterozygous for C282Y and H63D.

MRI findings

All results are summarised in Table 1. Seventeen patients
(68 %) had evidence of hepatic iron deposition and reduced
T2* relaxation times (<18 ms). In this group 8 patients

Fig. 1 Example of a 31-year-old patient (male) with elevated serum
ferritin and transferrin saturation. T1 (b) and T2* times (c) were
measured in three ROIs. Two ROIs were placed in the right and one
was placed in the left liver lobe with care taken to avoid artefacts,

major vascular structures and lesions. The average of all measurements
(mean T1 or T2*) was calculated with results of normal T1 and T2*
values. Image a shows a T2 HASTE sequence for anatomical
correlation
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(47 %) had concomitant SH, on 4/8 (50 %) we found
reduced T1 relaxation times (<530 ms) and the other 4 had
normal T1 relaxation times. The remaining 9 patients (53 %)
with hepatic iron deposition only revealed reduced T1 re-
laxation times (example is shown in Fig. 2).

In 3 patients (12 %) we found decreased T2* and slightly
increased T1 relaxation times (>620 ms); all of them had
liver fibrosis and SH (example is shown in Fig. 3). Two
patients (8 %) with SH only had normal T2* and high T1
relaxation times. Two patients (8 %) with hepatic siderosis,

Table 1 MRI findings and genetic testing results in all patients

No. Sex Age
(years)

Final diagnosis T1
(ms)

T2*
(ms)

Genetic testing Time interval between
MRI and biopsy (days)

Follow-up
(months)

1 F 30 HIO 399.00 2.02 – 1 27

2 M 54 HIO + SH 572.33 10.07 C282Y/H63D 16 17

3 M 69 SH, fibrosis (grade 3) 629.00 16.65 – 5 26

4 M 36 Healthy patient 592.00 22.46 – 1 27

5 M 44 SH 765.00 22.00 – 2 31

6 M 43 HIO + SH, fibrosis (grade 3) 615.33 15.47 – 9 20

7 M 32 HIO + SH 578.00 7.87 C282Y homozygosity 7 28

8 F 48 HIO + SH, fibrosis (grade 3) 627.67 20.70 C282Y/H63D compound
heterozygosity

7 12

9 M 49 HIO 490.00 1.07 – 1 19

10 F 41 HIO 391.67 1.73 – 4 32

11 M 40 HIO 369.00 3.93 – 1 29

12 F 39 HIO 450.33 1.73 – 11 24

13 F 39 HIO + SH 495.00 2.53 – 1 22

14 M 41 HIO, fibrosis (grade 1) 469.67 6.48 C282Y/H63D compound
heterozygosity

5 23

15 M 53 HIO 482.67 6.07 – 1 25

16 M 42 HIO 483.67 8.07 – 6 20

17 M 49 HIO + SH 548.33 10.00 C282Y/H63D compound
heterozygosity

2 23

18 F 66 HIO 502.67 7.03 – 16 17

19 M 56 SH, fibrosis (grade 3) 622.00 16.33 – 1 14

20 M 69 HIO + SH 399.00 3.00 C282Y homozygosity 7 20

21 M 39 SH 638.00 20.60 – 12 22

22 M 51 SH, fibrosis (grade 1) 644.33 13.27 – 1 26

23 M 65 HIO + SH, fibrosis (grade 1) 404.67 2.62 C282Y homozygosity 1 13

24 M 37 HIO + SH 484.33 2.93 – 1 21

25 M 53 HIO + SH, fibrosis (grade 2) 634.00 25.83 C282Y homozygosity 1 13

HIO hepatic iron overload, SH steatohepatitis, HIC + SH combination of hepatic iron overload and steatohepatitis

Fig. 2 T1 (b) and T2* mapping (c) of a 41-year-old patient (female) with suspected hepatic iron overload. T1 values were decreased to 390 ms and
T2* was extensively reduced to 1.7 ms. Liver biopsy confirmed hepatic siderosis. Image a shows a T2 HASTE sequence for anatomical correlation
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fibrosis and SH had normal T2* and slightly increased T1
relaxation times. One patient (4 %) with no pathological
result at liver biopsy had normal T1 and T2* relaxation
times. Correlations between T1 and T2* are shown in
Fig. 4. Figure 5 shows correlation of liver fibrosis with T1
and T2* relaxation times. In Tables 2 and 3 and Figs. 6 and
7 T1 and T2* relaxation times are summarised and corre-
lated with the final diagnosis.

The optimal threshold for T2* relaxation time to deter-
mine patients with hepatic iron overload is 10.07 ms as
ascertained by ROC curve analysis (Fig. 8 and Table 4).
At this threshold the diagnostic accuracy is 88 % (CI 0.70–
0.96), sensitivity is 84 % (CI 0.62–0.94) and specificity is
100 % (CI 0.61–1.0). The second cut-off was at 15.47 ms
with an accuracy of 88 % (CI 0.70–0.96), sensitivity of
89.5 % (CI 0.69–0.97) and specificity of 83 % (CI 0.44–
0.99). On the basis of these cut-off points, MRI correctly
classified 20 patients (80 %).

We found a significant association between reduced T2*
relaxation times and hepatic siderosis. T1 relaxation times

were increased in patients with SH only but decreased in all
patients with hepatic iron deposition only (<530 ms). T2*
relaxation times did not show a significant difference be-
tween patients with HIO and patients with a combination of
HIO and SH (P00.11). In relation to T1 relaxation times we
found a significant difference between patients with HIO
and patients with HIO + SH (P00.018).

Discussion

Genetic haemochromatosis, thalassaemia and transfusion-
dependent anaemia are the main causes of systemic iron
overload. The liver is the primary iron storage site in
humans. Fibrosis, cirrhosis and hepatocellular carcinoma
are frequent iron-induced complications [4].

Magnetic resonance imaging has been investigated as a
non-invasive method for determining liver iron concentra-
tions by detecting the paramagnetic effect produced by the
presence of stored iron, inducing local irregularities in the
magnetic field, which cause water protons around these
deposits to lose phase coherence. Two different methods

Fig. 3 A 51-year-old patient (male) with suspected haemochromatosis
based on elevated serum parameters undergoing MRI with T1 (b) and
T2* mapping (c). Analysis showed high T1 values (644 ms) and

decreased T2* values (13 ms). Histopathological workup did not show
any evidence of hepatic iron but steatosis and fibrosis grade 1. Image a
shows a T2 HASTE sequence for anatomical correlation

Fig. 4 Correlation between T1 and T2* in all patients. Filled circles
healthy patient without pathological liver iron or steatosis, filled tri-
angles patients with hepatic iron overload, filled diamonds patients
with steatohepatitis, open squares patients with a combination of
hepatic iron overload and steatohepatitis

Fig. 5 Correlation of T1 and T2* in patients with liver fibrosis. Filled
triangles patients with hepatic iron overload and fibrosis, filled diamonds
patients with steatohepatitis and fibrosis, open squares patients with a
combination of hepatic iron overload, steatohepatitis and fibrosis
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are in use: calculation of relaxation time constants and the
calculation of the signal intensity (SI) ratio between liver
and skeletal muscle [6, 7, 11, 15]. To our knowledge this is
the first study to evaluate an MRI sequence protocol includ-
ing T2* and T1 maps in patients with suspected HIO.

Our purpose was to evaluate the combined use of T2*
and T1 mapping in patients with suspected HIO. By defin-
ing cut-off values for the T2* relaxation time for determin-
ing hepatic siderosis we were able to classify 20 patients
(80 %) correctly. Results of our T2* calculation are in
accordance with previously published values [22]. In all
patients with HIO only we found reduced T1 and T2*
relaxation times. The significant difference in T1 relaxation
time between patients with HIO only and patients with
concomitant HIO and SH proved that when it comes to a
more complex diffuse liver disease T1 relaxation time
shows a tendency towards rather normal or increased values.
By adding the information on T1 we were not able to
determine HIO more precisely, but we received additional
information on possible SH or on SH concomitant with iron
overload.

Most of the previously described and validated methods
for measuring SI ratio and relaxometry in SE and GRE

sequences require elaborate post-processing and calibration
curves or have long acquisition times [6, 7, 26–28]. This
limits their use in clinical practice. GRE sequences are more
sensitive than spin echo (SE) sequences for mild degrees of
iron overload; the sensitivity to iron also varies significantly
with the TR, TE and flip angle applied [6]. Many studies
also describe measurements only in the right liver lobe
providing no benefit over the sampling limitations of liver
biopsy [6, 10]. We decided to use GRE sequences whereby
relaxometry data could be acquired during a single breath-
hold, thus enabling very short data acquisition times [29].
ROIs were placed in both liver lobes to minimise sampling
errors. An additional benefit of the shorter acquisition times
of GRE images is the reduction of motion artefacts. In all 25
MRI examinations artefacts were of sufficiently low influ-
ence; average facility time per patient was about 8 min
whereas post-processing with imageJ took about an addi-
tional 5 min.

Gandon et al. suggested a breath-hold T2*-weighted
sequence to theoretically be the most optimal sequence.
Only a few studies evaluate this sequence for liver iron
determination and data on reference ranges for hepatic T2*
relaxation times are scarce [6, 11, 22, 25]. According to
Pepe et al. T2* relaxation times of 25.6±3.4 ms with a lower
limit of 18.8 ms are the physiological T2* range [25]. A

Table 2 T1 values

No. of
patients

Minimum
(ms)

Mean
(ms)

Maximum
(ms)

Standard
deviation

Ha 1 592.0 592.0 592.0 –

HIOb 9 391.7 446.9 502.7 45.1

SHc 5 609.0 655.7 765.0 62.7

HIO + SHd 10 399.0 535.8 634.0 92.0

a Healthy patient without pathological liver iron or steatosis
(only one patient)
b Patients with hepatic iron overload
c Patients with steatohepatitis
d Patients with a combination of hepatic iron overload and steatohepatitis

Table 3 T2* values

No. of
patients

Minimum
(ms)

Mean
(ms)

Maximum
(ms)

Standard
deviation

Ha 1 22.5 22.5 22.5 –

HIOb 9 1.1 4.2 8.1 2.7

SHc 5 13.3 17.8 22.2 3.6

HIO + SHd 10 2.5 10.9 25.8 8.2

a Healthy patient without pathological liver iron or steatosis
(only one patient)
b Patients with hepatic iron overload
c Patients with steatohepatitis
d Patients with a combination of hepatic iron overload and steatohepatitis

Fig. 6 Box plot analysis for the correlation between the T1 relaxation
time and the final diagnosis

Fig. 7 Box plot analysis for the correlation between the relaxation
time and the final diagnosis
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study by Storey et al. delineates 25.5 ms as normal T2*
relaxometry and Anderson et al. determined 33 ±7 ms as
normal [22, 30]. The only comparable study concerning T2*
relaxation time in patients with liver disease is by Chandarana
et al. For the prediction of iron grades 1 or greater and 3 or
greater they found a sensitivity and specificity of 90.5 % and
100 % and 100 % and 97 % at T2* cut-offs of less than 24 ms
and less than 14 ms, respectively [11]. In our study, we had a
sensitivity of 84 % and a specificity of 100 % with a cut-off at
10.07 ms and 89.5 %/83 % at 15.47 ms, respectively.

Good correlation was also reported in patients with con-
comitant SH—we could not find any confounding effect of
steatosis on T2* results. Lim et al. evaluated the diagnostic
performance of chemical shift imaging for hepatic iron
quantification and compared this technique with T2* imag-
ing. Contrary to our study, they observed that concomitant
steatosis lowers the diagnostic accuracy of both sequences
[9]. In our patients with SH only, T1 values were increased
whereas most of the patients with hepatic iron deposition
only or with concomitant SH had decreased T1. This is a
paradoxical result because theoretically fatty liver tissue is
expected to have a shorter T1 relaxation time than normal
liver tissue. It has already been shown in in vivo MRI
studies that fatty livers can show a thoroughly chameleonic
presentation of MR tissue parameters [31].

Liver biopsy with determination of LIC and HII is cur-
rently considered the reference standard for the diagnosis of
liver iron overload, whereas elevated serum iron, transferrin
saturation and ferritin are unreliable indicators and can only
suggest hepatic iron deposition. However, results can also

indicate other forms of hepatocyte injury such as alcoholic
or viral hepatitis, or other inflammatory disorders involving
the liver [18]. Nevertheless, as an invasive procedure with
bleeding risk liver biopsy is unsuitable for repeated analysis
or in patients with impaired coagulation such as in liver
cirrhosis. Contamination, inadequate specimen sizes, sam-
pling errors, laboratory errors or an increased variability in
cirrhotic livers impose further limitations on liver biopsy [8,
32, 33]. In our series 8 patients had fibrosis of the liver
ranging from grade 1 to 3. In 3/8 patients histopathological
analysis also revealed steatosis and MRI showed decreased
T2* and increased T1 time. Five of 8 patients with liver
fibrosis had concomitant hepatic siderosis and steatosis, two
of whom showed normal T2* and increased T1 relaxation
times. Overall, the incidence of liver fibrosis affected MRI
results, especially the T2* time, in 5 patients. The study by
Anderson et al. illustrated the significance of fibrosis for the
precision of hepatic iron estimates [22]. Fibrosis may also
represent an unsolved problem when estimating liver iron
with MRI. As shown in our study, T2* relaxation time may
be altered owing to fibrosis, whereas patients with concom-
itant steatosis may present increased T1 values. This is a fact
that has not been previously specified. In recent times, it has
become apparent that subjects may develop significant fi-
brosis even at low HIC [34]. In these cases, rather than
quantifying the exact amount of hepatic iron, it should be
of greater importance to simply stratify patients as having
HIO or not. Therefore, in clinical practice, the main aim
should be to detect even a slight increase in liver iron.

In general, studies calculating the relaxation time have
always been performed in patients with secondary iron
overload and with severely increased HIC [1, 22, 26]. Com-
pared with T2* values obtained by Anderson et al., those in
our study were often very close to previously established
thresholds as suggested by borderline HIC and T2* relaxa-
tion times in many patients included in our study [22].

HFE genotyping is required to confirm the diagnosis of
HH and in C282Y homozygotes with elevated transferrin
saturation and hyperferritinaemia the diagnosis can be made
without determination of the HIC. Quantification of HIC is
required in those 5–15 % of patients in whom phenotypic
HH is not associated with HFE gene mutations. In such
patients, evaluation with MRI or biopsy of the liver with
iron quantification is indicated [35]. In our study 8 patients

Fig. 8 ROC analysis for T2* predicting biopsy for positive iron

Table 4 Results of ROC
(Fig. 8) for T2* mapping for the
diagnosis of hepatic iron depo-
sition using the Wilson method

Cut-off T2*
(ms)

Sensitivity
(95 % CI)

Specificity
(95 % CI)

PPV
(95 % CI)

NPV
(95 % CI)

Accuracy
(95 % CI)

<10.7 0.84 1.0 1.0 0.67 0.88

(0.62–0.94) (0.61–1.0) (0.81–1.0) (0.35–0.88) (0.70–0.96)

<15.5 0.89 0.83 0.94 0.71 0.88

(0.69–0.97) (0.44–0.99) (0.74–0.99) (0.36–0.92) (0.70–0.96)
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could be classified as having HFE-associated HH, all of
whom had HIO and showed decreased T2* values.

The penetrance of HFE haemochromatosis is 15 % in
patients homozygous for C282Y, which further illustrates the
need for validated and non-invasive methods for the repeated
assessment of HIC. In addition to genetic haemochromatosis,
hyperferritinaemia is also prevalent in patients with metabolic
syndrome. This disorder is referred to as metabolic hyperferri-
tinaemia or dysmetabolic iron overload [36]. MRI could be a
crucial method for further diagnostic and therapeutic workup in
patients suspected of having this syndrome. Although MRI has
been recommended for the evaluation of such patients by the
European Association for the Study of the Liver (EASL), the
diagnostic accuracy of MRI in patients with dysmetabolic iron
overload is unknown. Here we demonstrate the high accuracy
for determining HIO in such a cohort.

One major limitation of our study is its retrospective char-
acter. Therefore, the exact quantitative HIC (i.e. Perls’ Prus-
sian Blue, mg/g dry-weight) was not available for all patients,
rather we had HII or a simple yes/no result. Correlation
between T1 and T2* values with the exact amount of HIC
was not possible. Nevertheless definition of HIO or not was
feasible in all patients [35]. ROC analysis for T2* yielded two
cut-offs because of the small number of patients. It has to be
noted that relaxation times strongly vary with field strength;
hence, the used method holds for 1.5 T and the given mea-
surement protocol.

We found that a decrease in T2* and T1 relaxation times
(T2*<15.47 ms and T1<530 ms) is a good predictor of HIO,
especially in patients with hepatic siderosis only whereby 9/9
had reduced T1 and T2* relaxation times. In patients with
negative HFE gene test, MRI can give important information
for further diagnostic and therapeutic procedures. Liver biop-
sy still retains its importance in the assessment of hepatic
fibrosis or inflammation, particularly because the incidence
of liver fibrosis may change the results of T2* and T1 relax-
ation time measurements and lead to misdiagnosis. However,
prospective studies are needed to further confirm our results.

In conclusion, the present study demonstrates that T2*
relaxation times determined by MRI have excellent sensi-
tivity and specificity in the diagnosis of the presence of HIO
in patients with suspected HIO and that important additional
information may be obtained by the combination of T1 and
T2* mapping. It is a rapid, non-invasive, accurate and
reproducible technique for validating the evidence of even
low hepatic iron concentrations.
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