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Abstract. In thalassaemic patients, neurophysiological disturbances have been associated with

high serum ferritin levels and desferrioxamine therapy. In the presence of a magnetic field,

ferritin, the main iron storage protein, induces a preferential decrease of the T2 relaxation time.

The purpose of this study was to evaluate thalassaemic patients for brain iron deposition by

assessing the T2 relaxation rate (1/T2) of the grey matter. 41 thalassaemic patients (age range

8.5–44 years, mean 24 years) and 58 age- and sex-matched controls were included in the study.

Current serum ferritin levels were obtained. The 1/T2 values of the cortex (motor and temporal)

(mean 0.0122 ms21, SD 0.0004), putamen (mean 0.0137 ms21, SD 0.0004) and caudate nucleus

(mean 0.0132 ms21, SD 0.0003) were higher in patients compared with the controls (mean

0.0110 ms21, SD 0.0004; mean 0.0120 ms21, SD 0.0005; mean 0.0117 ms21, SD 0.0003,

respectively) (p,0.001 for all parameters). No statistically significant differences were found in the

globus pallidus. No correlation was found between 1/T2 and serum ferritin. The higher values of

1/T2 in the cortex, putamen and caudate nucleus of thalassaemic patients probably reflect a higher

iron deposition. The lack of differences in 1/T2 of the globus pallidus might suggest that even in

thalassaemic patients iron cannot exceed a saturation level.

b-thalassaemia major is an inherited, severe

haemolytic anaemia with an inefficient erythro-

poiesis necessitating lifelong blood transfusions

[1–3]. Frequent transfusions and desferrioxamine

therapy have improved the long-term prognosis,

but problems related to secondary haemochro-

matosis are still common [1, 4–6]. Although iron

is essential in many metabolic processes, iron

overload has a cytotoxic effect that leads to organ

dysfunction. The most commonly affected organs

are the liver, heart and endocrine glands [1, 7, 8].

Iron is stored within tissues in the form of ferritin

[1, 9]. This protein is a superparamagnetic

substance that, in the presence of a strong

magnetic field, induces a decrease of the T2

relaxation time [10, 11]. In previous studies of

patients with b-thalassaemia major, a decrease of

signal intensity within tissues has been attributed

to a T2 effect due to iron overload [6–8, 12].

Neurophysiological evaluation of thalassaemic

patients has demonstrated subclinical involvement

of neural pathways, attributed to desferrioxamine

therapy and high serum ferritin levels [2, 3]. Iron

enters the central nervous system (CNS) through
a receptor-mediated process before being stored
as ferritin [9, 10]. In normal subjects, age-related
changes of the brain iron are well correlated with
a decrease of the T2 relaxation time in the cortex
and the deep grey matter [10, 13–15]. To our
knowledge, the brain of thalassaemic patients has
never been studied by MRI for iron overload. The
purpose of this study was to evaluate iron changes
in patients with b-thalassaemia major by assessing
the T2 relaxation rate of the grey matter.

Subjects and methods

41 patients (23 males, 18 females) with
transfusion-dependent b-thalassaemia major,
aged 8.5–44 years (mean 24 years), were included
in this study. None of the included patients
had any symptoms or history of neurological
or mental disorder. Subcutaneous desferriox-
amine (Ciba-Geigy, Basel, Switzerland)
(50 mg kg21 day21) was given for iron overload
in all patients. Desferrioxamine was administered
overnight, 5 nights per week.

MRI was performed on a 1.5 T unit (Philips
Gyroscan ACS NT power track 1000; Philips
Medical Systems, Best, The Netherlands) using a
head coil and a 23 cm field of view. In all patients,
as well as in 58 age- and sex-matched controls, the
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T2 relaxation rate of the cortical grey matter (motor

and temporal cortex), the caudate nucleus, the

putamen and the globus pallidus was evaluated

using a coronal single slice spin echo (SE) sequence

with TR 2000 ms, eight echos with TE 20, 40, 60,

80, 100, 120, 140 and 160 ms, slice thickness 4 mm

and matrix 2566256. T2 values were calculated by

the MRI unit and displayed on the grey scale as an

image. The T2 relaxation rate was evaluated by one

author (MIA) using the region of interest (ROI)

function (Figure 1). Because a better definition of

the anatomical structures studied was provided in

the earliest echos (1st to 3rd), each ROI was initially

positioned in one of these and was then copied to

parametric images of T2. The T2 relaxation rate of

the cortex was studied in areas known in the elderly

to have the highest (motor cortex) and the lowest

(temporal cortex) iron concentration [14]. All T2

relaxation rate measurements were performed

symmetrically in both hemispheres.
The medical records of the controls were

reviewed to exclude any patient with systemic or

CNS disorder. The entry criteria for healthy

controls was a normal MR scan on all pulse

sequences including post-contrast scans. The

brain MR protocol was as follows: (a) sagittal

SE T1 weighted, 500/20 (repetition time/echo

time), 6 mm thick sections with 0.6 intersection

spacing; (b) axial turbo SE T2 weighted, 3500/90,

6 mm thick sections with 0.6 intersection gap; and

(c) sagittal, coronal and axial SE T1 weighted

post-contrast scans, if necessary.
Serum ferritin levels of all thalassaemic patients

were measured on the day of the MRI study.

All adult subjects and the parents of children
included in the study signed a written informed
consent form allowing performance of the MRI
examination. The study was performed with the
approval of the Institutional Review Board.

Statistical analysis

Statistical analysis was performed with SPSS
base 7.5 for windows. The normality of distribu-
tion of the parameters was assessed using the
Kolmogorov–Smirnov test. The relationship
between T2 relaxation rate and serum ferritin
was studied using the Pearson correlation coeffi-
cient. Differences in T2 relaxation rate between
patients and controls were evaluated using
unpaired two-tailed Student’s t-test. A p-value
less than 0.05 was considered statistically sig-
nificant.

Results

There was no significant variation in the
measurements between the left and right hemi-
spheres. Moreover, there were no statistically
significant differences in T2 relaxation rate values
between the motor and temporal cortex in either
patients or controls.

The T2 relaxation rate of the putamen (mean
0.0137 ms21, SD 0.0004) and caudate nucleus
(mean 0.0132 ms21, SD 0.0003) was higher in
patients compared with the controls (mean
0.0120 ms21, SD 0.0005; mean 0.0117 ms21, SD
0.0003, respectively) (p,0.001 for all values). The
T2 relaxation rate of the motor cortex (mean
0.0122 ms21, SD 0.0004) and temporal cortex
(mean 0.0122 ms21, SD 0.0004) was higher in
patients compared with the controls (mean
0.011 ms21, SD 0.0004 for both cortexes)
(p,0.001). No statistically significant differences
were found in the globus pallidus, with a mean of
0.0141 ms21 (SD 0.0008) and 0.0141 ms21 (SD
0.0010) in patients and controls, respectively.

The serum ferritin ranged from 580–
5066 ng ml21 (mean 2358.2 ng ml21), with
normal values less than 230 ng ml21. No correla-
tion was found between T2 relaxation rate of the
studied brain structures and serum ferritin levels.

Discussion

b-thalassaemia major is a hereditary haemolytic
anaemia treated with multiple blood transfusions.
The main complication of this treatment is iron
overload, which has been associated with cell
death and organ dysfunction [1, 4–8]. Excess non-
haem iron is stored in the form of ferritin. This
protein contains iron in crystalloid form and,
in the presence of a magnetic field, displays

Figure 1. Coronal scan of the 4th echo (TR 80 ms)
demonstrating the regions of interest (ROIs) adjusted
to cover the entire area of the visualized caudate
nucleus (1), globus pallidus (2) and putamen (3) of
the left hemisphere. ROIs are also demonstrated in
the temporal (4) and motor (5) cortex of the same
hemisphere.
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superparamagnetic properties that are responsible
for the preferential decrease of the T2 relaxation
time in tissues overloaded with iron [6–8, 10–12].
In b-thalassaemia major, the pituitary gland is the
only intracranial structure that has been studied
for iron overload by MRI [8, 12]. Although high
serum ferritin levels and desferrioxamine therapy
have been implicated in the development of
neurophysiological disturbances, to our knowl-
edge the brain of thalassaemic patients has never
been studied by MRI for iron overload [2, 3].
Although ferritin does not cross the blood–brain
barrier, it can be synthesized in CNS cells,
because iron bound to transferrin gains access
to neurons through a receptor-mediated process
[9, 10, 16]. The highest concentration of transfer-
rin receptors is found in the grey matter [9].

A decrease of basal ganglia signal on T2

weighted images has been previously reported in
patients with hereditary haemochromatosis [17,
18]. In the present study, the T2 relaxation rate of
the putamen, caudate nucleus, and motor and
temporal cortex of thalassaemic patients was
significantly higher compared with the controls.
Previous studies in normal subjects have demon-
strated an exponential decrease of the T2 relaxa-
tion time of the basal ganglia with age [10, 15].
The plotted curves of T2 relaxation time were
congruent with curves of iron concentration
found in autopsy studies. The age-related T2

relaxation time changes have therefore been
attributed to increased iron deposition in the
basal ganglia [10]. Moreover, in subjects over 60
years of age a decrease of the T2 relaxation time
of the cortex has also been demonstrated by MRI
[13, 14]. This was considered secondary to
increased iron deposition found histologically in
the cortex of elderly subjects [14]. Iron overload
might also be responsible for the increased T2

relaxation rate in the periphery as well as in
certain areas of the deep grey matter within
thalassaemic patients observed in the present
study. A previous study has demonstrated that
elevated serum iron levels induce ferritin synthesis
in the CNS, with a consequential decrease of
transferrin receptors [9]. Such mechanisms might
protect the brain from iron deposition exceeding a
certain saturation level, which for both putamen
and caudate nucleus is normally reached at the
age of 50–60 years [10]. However, this saturation
level was apparently reached at a much younger
age in the group of thalassaemic patients in this
study.

No statistically significant difference in the T2

relaxation rate of the globus pallidus was found
between thalassaemic patients and controls. This
is probably because the T2 relaxation rate of the
globus pallidus in normal subjects is reduced by
90% at the age of 20 years [10]. The mean age of

the study population was 24 years. The lack of
difference may possibly be because even in
thalassaemic patients iron deposition in the
globus pallidus cannot exceed a saturation level
for iron overload, which would have caused a
significant change in T2 relaxation rate.

Serum ferritin levels in the thalassaemic
patients showed no correlation with the T2

relaxation rate of the studied brain structures.
This is probably because ferritin does not cross
the blood–brain barrier and its serum levels are
therefore not a good index of brain iron burden.

Several studies have demonstrated increased
iron deposition in the basal ganglia of patients
with mainly basal ganglia disorders, such as
Parkinson’s disease, and also in the cortex of
patients with degenerative disorders such as
Alzheimer’s disease and amyotrophic lateral
sclerosis [9, 19, 20]. Although all patients included
in this study had no symptoms or history of
neurological disorders, the clinical implications of
brain iron overload remain speculative, especially
since treatment with multiple blood transfusions
and therapy with chelating agents have increased
the life expectancy of thalassaemic patients [1, 2].

In conclusion, the T2 relaxation rate of the
putamen, caudate nucleus, and motor and tem-
poral cortex were higher in thalassaemic patients
compared with controls. This suggests a higher
iron deposition in these areas of brain. The lack
of differences between patients and controls in T2

relaxation rate of the globus pallidus indicates
that even in iron overload states, iron cannot
exceed a saturation level in certain CNS areas.

Acknowledgment

The authors thank Spiridoula Toli for technical
assistance.

References

1. Gabutti V, Piga A. Results of long-term iron-
chelating therapy. Acta Haematol 1996;95:26–36.

2. Zafiriou DI, Kousi AA, Tsantali CT, et al.
Neurophysiologic evaluation of long-term defer-
rioxamine therapy in beta-thalassaemia patients.
Pediatr Neurol 1998;18:420–4.

3. Wong V, Li A, Lee AC. Neurophysiologic study of
beta-thalassaemia patients. J Child Neurol 1993;8:
330–5.

4. Seymour CA, Peters TJ. Organelle pathology in
primary and secondary haemochromatosis with
special reference to lysosomal changes. Br
J Haematol 1978;40:239–53.

5. Roth C, Pekrum A, Bartz M, et al. Short stature
and failure of pubertal development in thalassaemia
major: evidence for hypothalamic neurosecretory
dysfunction of growth hormone secretion and
defective pituitary gonadotropin secretion. Eur
J Pediatr 1997;156:777–83.

T2 relaxation rates in b-thalassaemia patients

409The British Journal of Radiology, May 2001



6. Ernst O, Sergent G, Bonvarlet P, Canva-Delcambre
V, Paris J, L’Hermine C. Hepatic iron overload:
diagnosis and quantification with MR imaging.
AJR 1997;168:1205–8.

7. Gomori JM, Horev G, Tamary H, et al. Hepatic
iron overload: quantitative MR imaging. Radiology
1991;179:367–9.

8. Argyropoulou MI, Metafratzi Z, Kiortsis DN,
Bitsis S, Tsatsoulis A, Efremidis S. T2 relaxation
rate as an index of pituitary iron overload in
patients with b-thalassaemia major. AJR 2000;175:
1567–9.

9. Gerlach M, Ben-Shachar D, Riederer P, Youdim
MBH. Altered brain metabolism of iron as a cause
of neurodegenerative diseases. J Neurochem 1994;
63:793–807.

10. Schenker C, Meier D, Wichmann W, Boesiger P,
Valavanis A. Age distribution and iron dependency
of the T2 relaxation time in the globus pallidus and
putamen. Neuroradiology 1993;35:119–24.

11. Bizzi A, Brooks RA, Brunetti A, et al. Role of iron
and ferritin in MR imaging of the brain: a study in
primates at different field strengths. Radiology
1990;177:59–65.

12. Sparacia G, Banco A, Midiri M, Iaia A. MR
imaging technique for the diagnosis of pituitary iron
overload in patients with transfusion-dependent b-
thalassaemia major. Am J Neuroradiol 1998;19:
1905–7.

13. Aoki S, Okada Y, Nishimura K, et al. Normal
deposition of brain iron in childhood and adoles-
cence: MR imaging at 1.5 T. Radiology 1989;172:
381–5.

14. Hirai T, Korogi Y, Sakamoto Y, Hamatake S,
Ikushima I, Takahashi M. T2 shortening in the
motor cortex: effect of aging and cerebrovascular
diseases. Radiology 1996;199:799–803.

15. Pujol J, Junque C, Vendrell P, et al. Biological
significance of iron-related magnetic resonance
imaging changes in brain. Arch Neurol 1992;49:
711–7.

16. van Gelder W, Huijskes-Heins MI, Cleton-
Soeteman MI, van Dijk JP, van Eijk HG. Iron
uptake in blood–brain barrier enthothelial cells
cultured in iron-depleted and iron-enriched media.
J Neurochem 1998;71:1134–40.

17. Nielsen JE, Jensen LN, Krabbe K. Hereditary
haemochromatosis: a case of iron accumulation in
the basal ganglia associated with parkinsonian
syndrome. J Neurol Neurosurg Psychiatry 1995;59:
318–21.

18. Schoder J, Haan J. Extrapyramidales syndrom bei
idiopathischer Hamochromatose (IHC). Nervenarzt
1987;58:577–8.

19. Oba H, Araki T, Ohtomo K. Amyotrophic lateral
sclerosis: T2 shortening in motor cortex at MR
imaging. Radiology 1993;189:843–6.

20. Antonini A, Leenders KL, Meier D, Oertel WH,
Boesiger P, Anliker M. T2 relaxation time in
patients with Parkinson’s disease. Neurology 1993;
43:697–700.

Z Metafratzi, M I Argyropoulou, D N Kiortsis et al

410 The British Journal of Radiology, May 2001


