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Proton Spectroscopy and Imaging at 3T in
Ataxia-Telangiectasia
BACKGROUND AND PURPOSE: Ataxia-telangiectasia (A-T) is an autosomal recessive disorder with

characteristic neurodegeneration of the cerebellum. We used MR spectroscopy to test the hypothesis
that cerebellar metabolism in A-T patients would be abnormal relative to healthy controls.
METHODS: Twelve adults with A-T and 12 healthy control subjects underwent MR imaging and
long-echo time 1H-MR spectroscopy at 3T. Voxels were acquired in the region of the dentate nucleus
of the cerebellum and in parietooccipital white matter, and ratios for N-acetylaspartate (NAA), choline
(Cho), and creatine (Cr) were calculated.
RESULTS: All of the A-T patients showed marked cerebellar atrophy of the vermis and hemispheres.
Two patients showed multiple small foci of hypointensity on T2*-weighted images throughout their
brain suggestive of capillary telangiectasia. A further 2 patients had single low-signal-intensity foci. One
patient had a tumor, thought to be meningioma radiologically, that was not suspected clinically. No
group differences were found in the cerebral spectra, but analysis of the cerebellum revealed
significantly lower NAA/Cho and higher Cho/Cr ratios in the A-T patients compared with the controls.
There was no difference between groups for the NAA/Cr ratio.
CONCLUSION: The findings suggest increased Cho signal intensity in the cerebellum of adult A-T

patients. If this finding is shown through the course of the disease, it may assist in the differentiation
of early A-T from other forms of ataxia and provide a marker for monitoring treatment efficacy.
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Methods
Patients and Control Subjects
This study was approved by the South Sheffield Research Ethics Committee (University of Sheffield, Sheffield, United Kingdom) and was
conducted in accordance with the declaration of Helsinki. Informed,
written consent was obtained from all participants. The study group
comprised 12 patients with known A-T (7 men, 5 women; mean age of
31.8 years, range of 23– 47 years), recruited with the help of the Ataxia-Telangiectasia Society of the United Kingdom, and 12 healthy controls (6 men, 6 women; mean age of 33.0 years, range of 25– 49 years).
A t test comparing the ages of the A-T patients and controls revealed
no significant age difference between groups (t ⫽ ⫺0.39, P ⫽ .70).

MR Imaging Protocol
All subjects underwent MR investigation in a clinical system operating at 3T (Intera 3T, Philips Medical Systems, Best, Netherlands) in an
8-channel receive-only head coil. Immobilization aids were used to
reduce the incidence of motion artifacts. Patients were positioned as
symmetrically as possible within the head coil, and fine-tuning adjustments to section position were then made after the localizing scans
were performed. The MR imaging protocol comprised axial T2weighted turbo spin-echo imaging (TR ⫽ 3000 ms, TE ⫽ 80 ms,
section thickness ⫽ 4 mm, section gap ⫽ 0 mm, field of view ⫽ 230
mm, 256 ⫻ 256 matrix reconstructed to 512 ⫻ 512), axial T2*weighted images acquired by using a fast-field echo technique (TR ⫽
1144 ms, TE ⫽ 18 ms, ␣ ⫽ 18°, section thickness ⫽ 4 mm, section
gap ⫽ 0 mm, field of view ⫽ 230 mm, 256 ⫻ 512 matrix), and the
acquisition of a high-resolution T1-weighted dataset via an magnetization-prepared rapid acquisition of gradient-echo technique (TR ⫽
8300 ms, TE ⫽ 4.1 ms, ␣ ⫽ 8 °, section thickness ⫽ 1 mm, field of
view ⫽ 230 mm, 256 ⫻ 512 matrix). The axial sections for the T2- and
T2*-weighted images were aligned on the anterior commissure–posAJNR Am J Neuroradiol 28:79 – 83 兩 Jan 2007 兩 www.ajnr.org

79

ORIGINAL RESEARCH

Received January 12, 2006; accepted after revision March 7.

troscopy to test the hypothesis that cerebellar metabolism in
A-T patients would be abnormal relative to healthy controls.

BRAIN

taxia-telangiectasia (A-T) is an autosomal recessive multisystem disorder caused by a defective gene localized to
chromosome 11q22–23 and cloned in 1995.1-3 The estimated
frequency of A-T is in the range of 1 per 40,000 to 300,000 live
births.4 A-T is an early-onset progressive neurologic disorder
with a complex phenotype. Cerebellar ataxia is the clinical
hallmark of the disease, present in all cases, which usually becomes apparent between 2 and 4 years of age, after a child
begins to walk.5 The ataxia is progressive and most patients are
wheelchair-bound by adolescence.6 Other clinical manifestations include somatic telangiectasia (dilated blood vessels) on
the conjunctivae and skin, immunodeficiency causing a predisposition to sinopulmonary infection, elevated ␣-fetoprotein, and hypogonadism.7-10
A-T patients also have a predisposition to malignancies, of
which the predominant types are lymphomas and lymphoid
leukemias of both B and T cell origin.11 Early attempts with
radiation therapy to treat A-T patients with cancer revealed
another characteristic of the disease: profound clinical radiosensitivity.12
MR spectroscopy has been used to examine metabolite
changes within autosomal recessive ataxias. This study sought
to characterize the MR imaging appearances of A-T in adults,
including the deposition of telangiectasia, by using MR spec-

Fig 1. T2-weighted turbo spin-echo images from an A-T patient revealing severe atrophy
of the cerebellar hemispheres with voxel placed in the region of the dentate nucleus (A)
and with voxel placed in the parieto-occipital white matter (B).

terior commissure line, and the section positions were copied between the series of images to permit direct comparison of detection of
any abnormalities. A qualitative evaluation of cerebellar atrophy
(normal, mild, moderate, severe) was made by an experienced neuroradiologist (C.A.J.R.), who was blinded to the status of each subject.
Telangiectasias were rated by using standard descriptions of “multiple hypointense foci on T2-weighted and gradient refocused
imaging.”13
Proton spectra were acquired with a point-resolved spectroscopy
sequence technique (TR ⫽ 2000 ms, TE ⫽ 144 ms, 256 averages, 2048
data points, bandwidth ⫽ 4000 Hz) from 1) a 2 ⫻ 1 x 1-cm single
voxel placed in the right cerebellar white matter, encompassing the
dentate nucleus (Fig 1A); and 2) a 2 ⫻ 2 x 2-cm single voxel placed in
the right peritrigonal parietooccipital white matter (Fig 1B). Both
voxels were positioned to avoid inclusion of CSF within the volume of
interest.
Spectra were analyzed by using the AMARES technique implemented in a third-party software package (MRUI) (software download available at http://www.mrui.uab.es/mrui/mrui_Overview.
shtml).14,15 After referencing to the N-acetylaspartate (NAA) peak
(set to 2.02 ppm), data processing involved the following steps: filtered suppression of the water peak; zero filling; truncation; apodization of the corrected time-domain signal intensity by multiplying a
Gaussian line broadening of 5 Hz, then by Lorentzian broadening of
⫺5Hz; baseline correction followed by zero-order and first-order
phase correction. Results are expressed as the ratios of the areas under
the 3 prominent resonances due to NAA at 2.02 ppm, creatine (Cr) at
3.0 ppm, and choline (Cho) at 3.2 ppm.
Because of group sizes of 9, statistical analysis was performed with
the nonparametric Mann-Whitney U test to compare for patient and
control differences in the 3 ratios for each of the 2 voxel regions. This
analysis resulted in 6 comparisons, and a Bonferroni correction defined the level of significance as P ⫽ .0083 (0.05/6).

Results
All 12 A-T patients were classified as having severe cerebellar
atrophy (Figs 1A, 2A). Three of the controls were rated as
having mild cerebellar atrophy; the remaining 9 were classified
as normal. Four A-T patients had capillary telangiectasia (2
solitary, 2 multiple) best depicted on T2*-weighted imaging
(Fig 3). Most of the telangiectasias were barely visible on the
turbo spin-echo T2-weighted images, though some larger
clusters were revealed as areas of hyperintensity. One person
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Fig 2. T2-weighted turbo spin-echo images from an A-T patient revealing severe atrophy
of cerebellar vermis (A) and, in another patient, suspected meningioma (B).

Fig 3. Representative T2*-weighted image from a 28-year-old A-T patient showing multiple
capillary telangiectasia. Note the multiple punctate regions of hypointensity throughout the
cortical white matter.

with A-T had an unexpected extra-axial mass overlying the left
frontal lobe. This mass is under further investigation but most
likely represents a meningioma (Fig 2B).
Spectra from 3 A-T patients were unusable due to poor
quality spectra. Therefore, 9 controls were age-matched to the
remaining patients for statistical analysis. Figure 4 shows sample spectra from an A-T patient and control for the parietooccipital white matter and cerebellum regions.
Analysis for the cerebellar region (Fig 5) revealed significantly lower NAA/Cho (P ⫽ .002) and higher Cho/Cr (P ⫽
.008) in the A-T patients compared with controls. There was
no significant group difference for the NAA/Cr ratio (P ⫽
.796). No significant group differences were found in any of
the spectroscopic ratios from the parieto-occipital white matter region (P ⬎ .5) (Fig 6).
Discussion
The most pronounced neuropathologic changes in A-T occurred in the cerebellum, comprising atrophy of the hemispheres, vermis, and in some cases the dentate nucleus. This
reflects pronounced loss of Purkinje and granule cells from the
cerebellar cortex.5,16 The presence of basket cells indicates that
Purkinje cells are present initially but deteriorate during the
course of the disease.17
Imaging studies of patients with A-T have supported these
pathologic findings. A CT study of 5 patients showed cerebellar atrophy in 4 patients and discrete calcification of the lentiform nucleus in one patient.18 A further CT study of 12 A-T

Fig 4. Proton MR spectra from the region of the dentate nucleus of a control subject (A) and a patient with A-T (B) and from the parieto-occipital white matter of a control subject (C)
and a patient with A-T (D). The major metabolite peaks are labeled and correspond to cholines (Cho) at 3.2 ppm, creatines (Cr) at 3.0 ppm, and N-acetylaspartate (NAA) at 2.02 ppm. The
increase in the Cho peak is marked with an arrow.

Fig 5. Plot of long echo-time ratios of N-acetylaspartate/choline (NAA/Cho) (P ⫽ .002),
choline/creatine (Cho/Cr) (P ⫽ .008), and N-acetylaspartate/creatine (NAA/Cr) (P ⫽ .796)
from voxels placed in the region of the dentate nucleus. Error bars indicate 95% CI from
the mean.

Fig 6. Plot of long echo-time ratios of N-acetylaspartate/choline (NAA/Cho) (P ⫽ .546),
choline/creatine (Cho/Cr) (P ⫽ .931), and N-acetylaspartate/creatine (NAA/Cr) (P ⫽ .796)
from voxels placed in the region of the parieto-occipital white matter. Error bars indicate
95% CI from the mean.

patients also revealed cerebellar atrophy, particularly of the
vermis, and decreased thickness of the superior cortex of the
cerebellar hemispheres in 5 of 11 patients. Other frequent
signs included hypoplasia of the inferior vermis and a large
cisterna magna.19
An MR imaging study of 5 male A-T patients aged between
9 and 28 years revealed vermian atrophy in 5 patients, with
hemispheric atrophy present in 4 of the 5 patients.20 A further

MR imaging study of 19 patients aged 2 to 38 years reported
most frequent involvement of the lateral hemispheres with
subsequent progression to the superior and inferior portions
until diffuse. The authors concluded that A-T begins with selective atrophy and that the severity is linked to duration of the
disease.21 All of the patients in our study were rated as having
marked atrophy of both the cerebellar vermis and hemispheres. These patients were adults aged between 23 to 49
years, which may be reflective of the nonspecific anatomic
location of their atrophies.
The detection of capillary telangiectasias is best seen on
postcontrast T1-weighted images or, where contrast cannot be
used, on T2*-weighted gradient-echo images.22,23 Our finding
of multiple brain telangiectasias in 2 patients (who were both
noted to have ocular telangiectasia) and single telangiectasia in
a further 2 patients concurs with reported cases of cerebral and
brain stem telangiectasias.24,25 The telangiectasias were best
depicted on the T2*-weighted gradient-echo images.
The spectra were acquired with a long echo-time (TE ⫽
144 m) technique and hence were T2-weighted. Changes in
the relative metabolite resonance, or signal intensity, may be
due to alterations in the metabolite’s T2 relaxation time, concentration, or both.26 Changes to the chemical environment of
a metabolite will accordingly cause changes in T2 relaxation
and may affect the signal intensity. The results obtained for the
parieto-occipital white matter region did not differ between
patients and controls. In contrast, the cerebellar metabolic
pattern revealed significantly increased Cho/Cr and reduced
NAA/Cho in the A-T patients, implying an increase in the
choline signal intensity, with NAA/Cr showing no significant
difference from that of the controls.
A recent review of the MR imaging and MR spectroscopy
AJNR Am J Neuroradiol 28:79 – 83 兩 Jan 2007 兩 www.ajnr.org
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findings for more than 60 different types of ataxias revealed
the most common spectroscopic pattern in the cerebellar
hemispheres and vermis to be reduced NAA; for example,
moderate reductions in the absolute concentration of NAA in
Friedrich ataxia, small decreases in spinocerebellar ataxia
types 1 and 3, and severe decreases in spinocerebellar ataxia
type 2.27 A reduced NAA/Cr ratio has been reported in patients with spinocerebellar ataxia types 1 and 2.28 Significant
differences in mean NAA and NAA/Cho ratios have also been
shown between patients with gluten-sensitive ataxia and controls.29 In addition to changes in NAA, reductions in Cho/Cr
have been shown in olivopontocerebellar ataxia and small reductions in absolute concentrations of choline in spinocerebellar ataxias 2 and 3.27,30
NAA is considered to be a neuronal marker, and reductions
in the absolute concentration of NAA or in the NAA/Cr or
NAA/Cho ratios reflect neuronal loss or damage.31,32 The reductions in NAA seen in ataxia are generally considered to
reflect the loss of neurons due to atrophic processes.30 Our
results suggest no decrease in the NAA signal intensity relative
to the controls, despite visible cerebellar atrophy in all of the
A-T patients. A decrease in NAA and Cr, with unaltered Cho,
could also account for our ratio results, but a decrease in Cr is
unlikely, as it remains fairly stable, even in disease.31 It is possible that the NAA signal intensity is reduced, but that changes
in the chemical environment due to atrophy have affected the
T2, increasing the signal intensity per millimole and compensating for any reduction in absolute concentration.26 Alternatively, the position of the voxel in the region of the dentate
nucleus could be responsible for the lack of change in the NAA
signal intensity. Neuropathologic studies of the A-T cerebellum have shown that while atrophy may be severe in the vermis and hemispheres, the dentate nucleus may remain intact
or may develop atrophy at a later stage in the disease.8,33
An increase in the Cho signal intensity is not a typical finding in ataxia. The Cho resonance predominantly consists of
phosphocholine and glycerophosphocholine, compounds involved in membrane synthesis and degradation, and therefore
any inferred increase in the Cho resonance can indicate cellular proliferation or demyelination.34,35 A study has shown increased Cho/Cr at long echo times but no change in Cho at
short echo times in gluten ataxia, leading the authors to conclude that the T2 of the Cho signal intensity may have been
affected by a change in chemical environment.29 Our results
do not give absolute concentrations for the metabolites, and it
is possible that the raised Cho/Cr, obtained at long echo times,
reflects such a process.
However, there are neuropathologic processes within A-T
that may lead to changes in the Cho signal intensity. Demyelination has been reported in the medial lemniscus, the superior
and inferior cerebellar peduncles, and the fasciculus gracilis
but not within the cerebellar hemispheres, vermis, or dentate
nucleus.8,36 The postmortem finding of a few neurons in the
early stages of degeneration has led to the suggestion that the
atrophy in A-T is a continuous process of Purkinje cell death.37
Therefore, the increase in Cho signal intensity may be indicative of active membrane breakdown, suggesting that their atrophy is an ongoing process. Alternatively, the increase may be
due to gliosis, where an increase in the number of neuroglia
and therefore in the overall number of cells would cause a high
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Cho signal intensity.38,39 Use of short echo-time spectroscopy
to measure myo-inositol, a glia cell marker, could confirm
this.
Gliosis in A-T has been reported postmortem in the Purkinje, molecular, and granule cell layers and within the dentate
nucleus.8,33,36,37 Reactive astrocytes and activated microglia
distributed throughout the cerebellum may suggest an immune response to the cerebellar neurodegeneration.16 Astrocytes are particularly rich in Cho, and thus an increase in Cho
may suggest astrocyte proliferation.40 Astrocytes maintain
high cellular concentrations of certain antioxidants and contribute to the antioxidant defense of neurons.41,42 Gliosis seen
in A-T could be due to an increased need for oxidative protection in the absence of normally functioning DNA repair mechanisms. Human A-T cells have been shown to be in a state of
constant oxidative stress, with attendant chronic activation of
stress response pathways in the cerebellum but not in the
cerebrum.43,44
A-T is a rare condition, and though the results obtained
were from a small group, they provide information about cerebellar metabolism in adult patients with established symptoms that appear to separate A-T from other ataxias. To assist
in the diagnosis of A-T the next step would be to study patients
in the early stages of neurodegeneration to see if spectroscopy
can provide additive information about cerebellar functioning. If the pattern of raised Cho is found in early A-T, this may
assist to in the differential diagnosis of A-T from other forms
of ataxia. Differences in the spectroscopic findings for young
and established patients may also help monitor treatments for
A-T, as has been seen in gluten ataxia.29
Conclusions
This study examined a group of adult patients with A-T, showing marked cerebellar atrophy of the vermis and hemispheres
in all. T2*-weighted gradient-echo imaging revealed multiple
telangiectasias in 2 of the patients and single telangiectasia in
one. MR spectroscopy of the cerebellum suggested an increase
in the Cho signal intensity in A-T, but in contrast with other
ataxias, no change in the NAA signal intensity was shown,
suggesting a difference in the A-T cerebellar neuropathology.
Further work is needed to assess cerebellar spectroscopy as a
method for aiding early diagnosis of A-T.
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