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MR Imaging Technique for the Diagnosis of
Pituitary Iron Overload in Patients with

Transfusion-Dependent b-Thalassemia Major
Gianvincenzo Sparacia, Aurelia Banco, Massimo Midiri, and Alberto Iaia
Summary: To identify the optimal MR imaging technique
for diagnosing pituitary iron overload, we compared spin-
echo and gradient-echo MR imaging with measurements of
pituitary T2 relaxation times in 30 patients with secondary
hemochromatosis due to transfusion-dependent b-thalas-
semia major and in 10 healthy volunteers. We found that
the optimal MR imaging technique to evaluate pituitary
iron overload is the gradient-echo T2*-weighted technique,
as it best demonstrated signal reduction in the anterior
lobe of the pituitary gland.

MR imaging has long been considered a potential
method for determining tissue iron overload in such
conditions as primary or secondary hemochromatosis.
The latter may be seen in patients with transfusion-
dependent b-thalassemia major, in whom repeated
transfusions lead to iron accumulation in the liver
(1–5), pituitary gland (6, 7), and other organs (8) in
the form of ferritin or hemosiderin. Initial results with
MR imaging have shown that iron overload causes a
reduction in signal intensity stemming from a de-
crease in T2 relaxation time (1). The aim of this study
was to identify the optimal MR imaging technique for
diagnosing pituitary iron overload, comparing spin-
echo (SE) and gradient-echo (GRE) imaging with
measurements of pituitary T2 relaxation times.

Methods

Subjects
Thirty patients (12 males and 18 females; ages 16 to 39 years;

median age, 21 years) with transfusion-dependent b-thalasse-
mia major underwent MR examination of the pituitary gland.
All patients were being treated with a transfusion regimen that
maintained the pretransfusion hemoglobin level between 9.5
and 10.5 g/dL. They received iron chelation therapy with de-
feroxamine (Desferal, Ciba-Geigy, Basel, Switzerland). All pa-
tients had increased serum ferritin levels (mean value, 3326
ng/mL vs normal value of ,300 ng/mL), a parameter that
reflects the severity of iron overload. Ten healthy volunteers
were imaged as a control group.
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MR Imaging
MR studies were performed with a 0.5-T superconducting

MR system. All examinations included an SE T1-weighted
sequence with parameters of 400/20 (TR/TE), a multiecho SE
sequence (1000/20,40,60,80), and a GRE T2*-weighted se-
quence (650/30 with a flip angle of 20°). Coronal and sagittal
4-mm-thick sections through the pituitary gland with an inter-
section gap of 1 mm were obtained. Two-to-four excitations
were used. The image matrix was 192 3 256. The field of view
was 24 cm.

Quantitative Image Analysis
Signal intensities of the anterior lobe of the pituitary gland,

pterygoid muscles, and nasopharyngeal fat were measured with
the use of operator-defined regions of interest (ROIs) of 3
mm2 on both SE T1-weighted and GRE T2*-weighted coronal
images. The signal intensity of the anterior lobe of the pituitary
gland was averaged from three different ROIs. The ratio of the
average pituitary gland signal intensity to that of the pterygoid
muscles and that of nasopharyngeal fat was assessed, both on
T1- and T2*-weighted images. In addition, pituitary T2 relax-
ation times were obtained using the vendor-supplied T2 calcu-
lation program involving a monoexponential fitting of ROI
intensity data plotted against TE on the multiecho SE sequence
(Fig 1). The T2 values obtained were averaged. Data acquired
from the control group were used as reference.

Statistical Analysis
Data are presented as means 6 SD. The significance in

differences in mean values between patients and control sub-
jects was assessed using Student’s t-test. A P value of less than
.05 was considered significant.

Discussion

We found that at 0.5 T, the anterior lobe of the
pituitary gland showed a significant decrease in signal
intensity as compared with that of the control subjects
on GRE T2*-weighted images (Fig 2).

The best predictor of pituitary iron overload was
the pituitary-to-fat ratio rather than the pituitary-to-
muscle signal intensity ratio (see Table). This may be
because fat behaves as inert tissue in relation to iron
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FIG 1. Pituitary T2 relaxation times were obtained using the
vendor-supplied T2 calculation program involving a monoexpo-
nential fitting of ROI intensity data plotted against TE on a
multiecho SE sequence (1000/20,40,60,80/2).
deposition while the same is not true for muscle; the
latter had been used as a reference in the majority of
prior studies (1, 5, 6).

Others (6, 7) have used SE sequences, but we
found that ratios measured on SE T1-weighted im-
ages were not significantly decreased (Table). Our
findings confirm results reported in studies of liver
iron overload with GRE sequences (4, 5), pointing to
exquisite sensitivity of GRE T2*-weighted sequences
to iron deposition. This is believed to be secondary to
the lack of a 180° refocusing pulse that partially re-
covers the field inhomogeneity signal loss on SE im-
ages (1, 4).

According to some authors, the best predictor of
pituitary iron overload is the measurement of T2
relaxation times (2, 3). In our study, we used four
measurements with the shortest echo delays (20 mil-
liseconds) available in our MR system and calculated
a time constant that characterizes the decay of signal
intensity on successive echoes. Such T2 relaxation
time is not the actual spin-spin relaxation time that
requires extremely short interecho times. In our pa-
tient population, the calculated T2 values were not
significantly decreased compared with those of con-
trol subjects (44.9 6 14 milliseconds vs 52.1 6 16
milliseconds), probably because the low signal-to-
FIG 2. A and B, Coronal T2*-weighted
GRE images (650/30/4; flip angle, 20°) of
the pituitary gland in a 28-year-old man
with transfusion-dependent b-thalasse-
mia major (A ) and in a control subject
(B ). The anterior lobe of the pituitary
gland in the patient shows markedly de-
creased signal intensity compared with
that of the control subject.

Mean signal intensity ratios of the anterior lobe of the pituitary gland to that of pterygoid muscle and to that of nasopharyngeal fat in patients
and control subjects on SE T1-weighted and GRE T2*-weighted MR images

SE T1-Weighted Images GRE T2*-Weighted Images

Pituitary-to-Fat Ratio Pituitary-to-Muscle Ratio Pituitary-to-Fat Ratio Pituitary-to-Muscle Ratio

Patients .57 6 .1* 1.4 6 .2* 1 6 .4† 1.3 6 .4‡
Control subjects .66 6 .1 1.6 6 .2 1.8 6 .6 1.7 6 .3

Note.—Values are expressed as mean 6 SD.
* Not significant (P . .05) compared with controls.
† P , .001 compared with controls.
‡ P , .05 compared with controls.
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noise ratio on the latest echo images does not allow
precise fitting of the four echoes.

It has been reported (9) that in patients with hemo-
chromatosis there is an uneven distribution of the
iron load, the preferred iron storage site being the
liver; this may explain the less prominent T2 shorten-
ing for pituitary iron overload relative to that of the
liver (2, 3).

In the setting of pituitary iron overload reported by
some authors (7), the anterior lobe of the pituitary
gland had almost no signal intensity on T1- and T2-
weighted images at 1.5 T. This may be explained by
the more prominent signal intensity loss at higher
field strengths. Our findings, however, seem to indi-
cate that SE sequences at a lower field strength (0.5
T) are unable to reveal slight pituitary iron overload,
even with longer TEs. Conversely, we found that
GRE sequences with a long TE (30 milliseconds
here) have the highest sensitivity for detection of
slight iron overload, owing to the inherent higher sen-
sitivity of T2* over T2 weighting to iron deposits (4, 5).

Conclusion
Our data suggest that the most sensitive sequence

for establishing iron overload in the pituitary gland is
GRE T2*, as it shows significant signal loss in patients
affected by secondary hemochromatosis. We found
that the best predictor of pituitary iron overload is the
pituitary-to-fat signal ratio, a parameter that, to date,
has not been used in prior studies of pituitary hemo-
chromatosis (6, 7). In the future, MR pulse sequences
that allow acquisition of multiple spin echoes with
shorter TE delays, or other MR techniques that im-
prove signal-to-noise ratios, will most likely improve
the accuracy of T2 determination and quantification
of pituitary iron overload.
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