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ORIGINAL RESEARCH
PEDIATRICS

Accumulation of Brain Hypointense Foci on Susceptibility-
Weighted Imaging in Childhood Ataxia Telangiectasia

R.A. Dineen, C.V. Blanchard, S. Pszczolkowski, S. Paine, M. Prasad, G. Chow, W.P. Whitehouse, and D.P. Auer

ABSTRACT

BACKGROUND AND PURPOSE: SWI hypointense cerebral lesions have been reported in adults with the inherited cerebellar neuro-
degenerative disorder ataxia telangiectasia. This study aims to establish the prevalence, age-dependency, and spatial distribution of
these lesions in children and young people with ataxia telangiectasia.

MATERIALS ANDMETHODS: Participants with classic ataxia telangiectasia and matched controls underwent SWI acquisition at 3T at 1 or
2 time points. SWI hypointense lesions were manually labeled according to the Microbleed Anatomical Rating Scale. Differences in preva-
lence of lesion number between groups with ataxia telangiectasia and without ataxia telangiectasia were tested with the Fisher exact
test, and differences in age between participants with ataxia telangiectasia with and without lesions were tested using independent sam-
ples Mann-Whitney U test. The relationship between age and lesion number was modeled as an exponential function.

RESULTS: Analyzable SWI datasets from 17 participants with ataxia telangiectasia (with median age at first scan of 12.4 years; range, 4.6–
20.2 years; 8 [47%] were female) and 22 matched healthy controls showed prevalence of SWI hypointense lesions in 41% of participants
with ataxia telangiectasia and 0% in controls (P¼ .001, Fisher exact test). Lesions were exclusively supratentorial and predominantly lobar.
Participants with ataxia telangiectasia with SWI hypointense lesions were older than those without (median age 5.2 years versus 9.3 years,
U¼ 10.5, P¼ .014). An exponential curve described the relationship between age and lesion number (R2¼ 0.67).

CONCLUSIONS: SWI hypointense lesions are common in children and young people with ataxia telangiectasia, accumulating from
12 years of age onward. In contrast to cerebellar-dominant neurodegeneration in ataxia telangiectasia, SWI hypointense lesions
were exclusively supratentorial. Further investigation is needed to establish the clinical relevance of these imaging-detected lesions.

ABBREVIATIONS: A-T ¼ ataxia telangiectasia; ATM ¼ ataxia-telangiectasia mutated; CATNAP ¼ Childhood A-T Neuroimaging Assessment Project; SWI ¼
susceptibility weighted imaging

Ataxia telangiectasia (A-T, Online Mendelian Inheritance in
Man, No. 208900) is an autosomal recessive multisystem dis-

order associated with cerebellar neurodegeneration, telangiectasia
(particularly conjunctival), immunodeficiency, pulmonary disease,
radiation sensitivity, and cancer predisposition.1 People with “classi-
cal” A-T have either no production of the ataxia-telangiectasia
mutated (ATM) protein or produce completely nonfunctioning
ATM protein. People who produce a significantly reduced amount
of functioning ATM have a milder variant of A-T.2

Cerebellar atrophy is the dominant neuroimaging finding in
A-T (reviewed in detail by Sahama et al3), but several case series
and individual case reports describe hypointense foci in the brain
parenchyma using SWI or T2WI. In a series of 10 adults with
A-T, 19–34 years of age, Lin et al4 observed hypointense foci
using SWI in 7 (70%) of the participants. These ranged from a
single hypointense focus in a 21-year-old through to “innumera-
ble” foci in individuals with 28 and 34 years of age. Wallis et al5

presented a series of 12 adults with A-T, 23–47 years of age, 4 of
whom had hypointense foci (solitary in 2, multiple in 2) in the

Received November 16, 2020; accepted after revision December 24.

From the Radiological Sciences, Division of Clinical Neuroscience (R.A.D., C.V.B.,
S. Pszczolkowski, D.P.A.), Sir Peter Mansfield Imaging Centre (R.A.D., D.P.A.), and
Division of Child Health (W.P.W.), University of Nottingham, Nottingham, England;
National Institute for Health Research Nottingham Biomedical Research Centre
(D.P.A.), Nottingham, England; and Department of Pathology (S. Paine) and
Nottingham Children’s Hospital (M.P., G.C., W.P.W.), Nottingham University
Hospitals National Health Service Trust, Nottingham, England.

The funding for the research was from research grants awarded jointly by A-T
Children’s Project and Action for A-T (grant reference: “The CATNAP Study”), and
jointly by Action for A-T and BraShA-T (grant reference: 17NOT03).

The funders had no role in the study design; the collection, analysis, and
interpretation of data; the writing of the report; and the decision to submit the
article for publication.

Please address correspondence to Robert A. Dineen, PhD, Room A39i, Medical
School, Queen’s Medical Center, Derby Road, Nottingham, NG7 2UH, United
Kingdom; e-mail: rob.dineen@nottingham.ac.uk

Indicates open access to non-subscribers at www.ajnr.org

Indicates article with online supplemental data.

http://dx.doi.org/10.3174/ajnr.A7107

1144 Dineen Jun 2021 www.ajnr.org

https://orcid.org/0000-0002-9523-2546
https://orcid.org/0000-0002-3055-1511
https://orcid.org/0000-0002-5859-3190
https://orcid.org/0000-0002-1434-3931
https://orcid.org/0000-0002-3278-2356
https://orcid.org/0000-0002-2447-8100
https://orcid.org/0000-0001-5207-5731
https://orcid.org/0000-0002-4745-3635
mailto:rob.dineen@nottingham.ac.uk
http://dx.doi.org/10.3174/ajnr.A7107


brain parenchyma on T2WI. Further examples are provided by
Liu et al6 (27-year-old man with multiple hypointense foci on
SWI) and Ciemins and Horowitz7 (31-year-old woman with mul-
tiple hypointense foci on both T1- and T2WI).

To date, the prevalence, age distribution, and spatial distri-
bution of SWI hypointense foci in the brains of children with
A-T has not been investigated. To address this, we used data
from the Childhood A-T Neuroimaging Assessment Project
(CATNAP)8 to test the hypothesis that SWI hypointensities
accumulate during childhood in children and young people
with classical A-T.

MATERIALS AND METHODS
The data for this analysis are from the first and second phases of
CATNAP. In brief, the first phase of CATNAP involved the ac-
quisition of multiparametric MR imaging and neurologic data
from children and young people 6–18 years of age with A-T and
matched healthy controls. As described previously,8 participants
with A-T were recruited from the UK National Pediatric A-T
Clinic and were excluded if they had contraindication to MR
imaging, concurrent or previous cancer or cancer treatment, or
other non-A-T neurologic or neurosurgical conditions. Healthy
volunteers were recruited from local community groups and
excluded if they had contraindications to MR imaging or
any neurologic, neurosurgical, or other medical conditions.
Recruitment ran from January 2015 to September 2016. The
results of volumetric analysis and spectroscopy have been
reported.8 The second phase of CATNAP involved invitation of
previous participants for repeat multiparametric MR imaging on
the same scanner using an identical protocol after an interval of
2–4 years, and recruitment of new participants 3–6 years of age to
test the feasibility of the data acquisition in very young children.
Informed consent was obtained from participants who were 16–
18 years of age and from parents/guardians of participants under
the age of 16 years of age. The first and second phases of
CATNAP were approved by UK National Research Ethics
Service (references 14/EM/1175 and 18/SW/0078, respectively).

Image Acquisition and Analysis
All participants underwent MR imaging scanning on a 3D
Discovery MR750 (GE Healthcare) with a 32-channel head coil,
without sedation. In addition to standard pediatric MR imaging
preparation, younger participants were shown an animation to
prepare them for MR imaging9 and were able to watch video con-
tent during the scan on a monitor compatible with MR imaging.
The full MR imaging protocol is detailed in the Online
Supplemental Data. The results presented here relate to the axial
SWI acquisition performed using the T2* weighted angiography
susceptibility-based 3D multiecho gradient sequence (216 slices,
section thickness ¼ 1 mm with 0.5mm between slices,
FOV¼ 256 � 256, TR¼ 39.3ms, effective TE¼ 24.68ms, flip
angle¼ 15°, scan duration¼ 4:19 minutes).

Two experienced neuroradiologists (R.A.D., D.P.A.), who
were unaware of disease status, independently labeled all hypoin-
tensities manually on SWI according to the anatomic classifica-
tion specified in the Microbleed Anatomical Rating Scale10 using
the paintbrush drawing tool in ITK-SNAP software (http://www.

itksnap.org).11 After the independent review, any discrepancies
in lesion labeling were resolved through discussion leading to
consensus.

Statistical Analysis
Comparison of age distribution between the groups with A-T
and without A-T was performed using the independent sam-
ples Mann-Whitney U test. Prevalence of SWI hypointense
lesions (using the second scan for those with 2 scans) was
expressed as a percentage with 95% CI for each group, and
differences in prevalence of SWI hypointense lesions
between groups with A-T and without A-T were tested using
the Fisher exact test. Within the group with A-T, differences
in age distribution between those with and without SWI
hypointense lesions was determined using the independent
samples Mann-Whitney U test, using age at second scan for
those with 2 scans. Exact significance (2-tailed) was calcu-
lated, and the significance level was set at a, .05. We mod-
eled the relationship between age and observed number of
SWI hypointense lesions as an exponential function
y ¼ a � eb�x, where x is age, y is the observed number of
lesions, and a and b are unknown parameters. To find the
values of a and b that best fitted the data, we ran a trust-
region reflective optimization12,13 with a starting point of
a ¼ 0:01; b ¼ 0:5.

RESULTS
Twenty-two children and young people with A-T and 22 without
A-T underwent at least 1 SWI acquisition. Of these, 8 with A-T
and 13 without A-T had a second SWI scan. In total, 13 of the
SWI datasets (10 from the group with A-T and 3 from the group
without A-T group) were excluded from the analysis because of
significant participant motion artifacts. One scan where the
image quality was felt to be borderline showed a clear parenchy-
mal SWI hypointense lesion, and this scan was retained in the
analysis. The analyzed images were from 17 children and young
people with A-T (with median age at first scan of 12.4 years;
range, 4.6–20.2 years; 8 [47%] were female) and 22 without A-T
(median age at first scan was 13.0 years; range, 5.5–17.8 years; 11
[50%] were female). There was no group difference in age distri-
bution (U=188, exact P¼ .977). Analyzable second SWI scans
were available from 2 people in the group with A-T (interscan
intervals of 3.3 and 3.5 years) and from 10 in the group without
A-T (median interscan interval of 2.4 years, range, 2.3–3.5 years).
Of the 17 participants with A-T included in this report, 8 had no
ATM expression, 8 had ATM expression but no kinase activity,
and 1 had ATM expression with some residual kinase. No partici-
pant with A-T reported (or had parental/guardian report of) an
alternative cause for cerebral microbleeds, such as history of head
trauma, hypertension, or coagulopathy. Sixteen of the partici-
pants with A-T and 21 of the participants without A-T were
included in our previous publication relating to cerebellar volu-
metry, diffusion, and spectroscopy.8 Recruitment to CATNAP
and CATNAP-2 and the availability of acceptable-quality SWI
data are summarized in the flowchart (Online Supplemental
Data).
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SWI hypointense lesions were present in 7 of 17 participants
with A-T on at least 1 scan, giving a prevalence of 41% (95% CI,
22%–64%) (Fig 1). For the 7 participants with A-T who had SWI
hypointense lesions, the number of lesions ranged from 1 to 41
(median¼ 3) (Fig 2). Lesions ranged in size from 2mm (the
lower limit for inclusion) up to 4mm.10 No lesions were identi-
fied in any participants in the group without A-T, 0/22 (95% CI,
0%–18%). The prevalence of lesions differed significantly
between the groups with A-T and without A-T (P¼ .001, the
Fisher exact test). Anatomic distribution of SWI hypointense
lesions in the group with A-T is shown in the Table and Fig 3. No
SWI hypointense lesions were found in the cerebellum and brain
stem, and supratentorial lesions were overwhelmingly lobar
rather than deep. The SWI hypointense lesions were not clearly
visible on the T1-weighted fast-spoiled gradient-recalled images
(Fig 1, bottom row).

A significant age difference was identified between partici-
pants with A-T who did and did not have SWI hypointense
lesions (median age was 15.2 years [range, 12.4–20.2 years] versus

9.3 years [range, 4.6–17.6 years], respec-
tively, U=10.5, P¼ .014; Fig 4). No
lesions were identified in children with
A-T younger than 12 years of age. The 2
participants with A-T who had analyz-
able scans at 2 time points both showed
an increase in the number of lesions
between the first and second scans (Figs
2 and 5). The curve fitted for the num-
ber of SWI hypointense lesions against
age for the A-T group (Fig 2) had
R2¼ 0.67 and was described by the
equation:

number of lesions

¼ 0:00168 � e 0:4841� age

The 95% confidence limits for coeffi-
cient a are �0.00917 and 0.01252, and
for coefficient b are 0.1575 and 0.8106.

DISCUSSION
In our cohort of children and young
people with A-T, we identified a
prevalence of SWI hypointense
lesions of 41%. In comparison, no
such lesions were identified in any
participants of the well-matched con-
trol group. Furthermore, despite the
limited number of data points in the
group with A-T, we demonstrate a
clear relationship between the num-
ber of SWI hypointense lesions and
age across the group, as well as direct
evidence on new lesion accumulation
in the 2 participants with A-T who
had analyzable SWI at 2 time points.

Previous case reports and series have reported SWI hypoin-
tense lesions in adults with A-T, but the prevalence and natural
history of these lesions in children with A-T were not known.
Indeed, Lin et al4 state that in their clinical experience, SWI hypo-
intense lesions are absent in children with A-T; and that lesions
are acquired and only cross a threshold of detectability in early
adulthood. Our findings support the notion that lesions are
acquired in an age-related manner but counter the statement
relating to absence in childhood. It is possible that improvements
in acquisition of SWI since the time of that publication in 2014
allow us to visualize lesions more clearly.

The nature and significance of these imaging-detected
lesions remain uncertain. Histopathologic studies have dem-
onstrated the presence of a distinctive vascular abnormality
in people with A-T, referred to as “gliovascular nodules.”14

These consist of dilated capillary loops, often containing
fibrin thrombi, around which is perivascular hemorrhage
and hemosiderin deposition, with associated demyelination
and astrocytic gliosis, including atypical forms (some of

FIG 1. Upper row: Example of parenchymal SWI hypointense lesions in a participant with A-T
aged 17.8 years. Axial images showing 4 separate lesions (white arrows). A total of 23 similar
lesions (not all shown) were present on the imaged volume. Lower row: Corresponding axial
fast-spoiled gradient-recalled images showing that the lesions are not clearly visible on the T1-
weighted volumetric acquisition.
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which contain eosinophilic cytoplasmic inclusions) in the
adjacent parenchyma.15,16 It is likely that the focal hypoin-
tensities detected in our work and by previous studies are the
in vivo imaging correlation of these gliovascular nodules,
though direct correlation between imaging and histopathol-
ogy has not been performed to our knowledge. Notably,
pathologic studies show that the distribution of gliovascular
nodules is predominantly in the cerebral white matter, occa-
sionally in the basal ganglia and cerebral cortex, but not in
the cerebellum. This description of location matches closely
the distribution of lesions found in our data. The reason
for the observed distribution of lesions is not known, nor
why the posterior fossa appears to be spared. There may be
underlying factors related to vascular structure and/or

vascular expression of different mole-
cules or receptors, or there may be a
relationship to hemodynamic parame-
ters. Combined imaging, histopatho-
logic studies, and molecular studies
may help to clarify the underlying
causes of the formation and distribu-
tion of the lesions.

However, it is also possible that patho-
logic changes other than gliovascular nod-
ules could account for the imaging
appearances. A histopathologic case
report described hyalinization of cerebral
blood vessels associated with intimal and
adventitial hypertrophy in a patient with
advanced disease,17 indicating the pres-
ence of cerebrovascular degenerative
pathology that is separate from the
gliovascular nodules. However, the lim-
ited available reports do not suggest
that this cerebrovascular hyalinization
occurring with A-T is directly associ-
ated with localized microhemorrhage
or hemosiderin deposition detected by
SWI. Lin at al4 comment that CNS irra-
diation can cause similar appearances
on SWI because of the development of
radiation-induced cavernous hemangi-
omas, which may be a late sequela of
cancer treatment.18 This may be rele-
vant because A-T is associated with an
increased cellular sensitivity to ionizing
radiation19 and abnormal DNA damage

response. However, the histopathologic description of vascu-
lar changes seen in A-T do not closely overlap with those
described for radiation-induced cavernous hemangiomas,
which appear to show 2 distinct histologic patterns: those
resembling typical cerebral cavernous hemangiomas, and
those caused by radiation-induced fibrinoid vascular necrosis
and vascular leakage.20

It is currently unclear whether the presence of the hypointense
lesions on SWI in people with A-T confers an increased risk of
intracerebral hemorrhage. In other conditions with similar-
appearing lesions on SWI, such as cerebral amyloid angiopathy
and cerebral cavernous hemangiomas, the presence of lesions
indicates an increased macrohemorrhage risk.21,22 There are only
2 reports of macrohemorrhage in people with A-T,23,24 but the
relationship to any underlying SWI hypointensities has not been
explored.

In other regards, the relationship between presence or num-
ber of SWI hypointense lesions and other clinical or imaging
manifestations of A-T is also not known. Of particular interest is
the question of whether SWI hypointense lesions could have an
impact on cognitive function. Previous studies have identified
cognitive deficits in people with A-T, including in the domains of
language, processing speed, visuospatial processing, working
memory, attention, and abstract reasoning,25,26 which have been

FIG 2. Scatterplots showing relationship between age and number of lesions in people with
A-T (upper chart, blue) and people without A-T (lower chart, green). Dotted lines indicate pairs
of scans performed in the same individual. The curved blue line indicates the exponential
model fitted to the data, with the blue shaded area indicating the 95% confidence intervals.

Anatomic distribution of SWI hypointense lesions in the group
with A-T

Participants with A-T (n= 17)
Number of Subjects
with Lesions

Total Number
of Lesions

Lobar 6 (35%) 82
Deep Gray Matter 4 (24%) 7
Cerebellum 0 (0%) 0
Brain Stem 0 (0%) 0
All Sites 7 (41%) 89
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attributed to the cerebellar cognitive affective syndrome.27 Given
that other diseases associated with multifocal cerebral white mat-
ter lesions, such as multiple sclerosis28 and small-vessel disease,29

are associated with cognitive dysfunction, an impact of cerebral

SWI hypointense lesions on cognition
in people with A-T is possible. The small
number of participants with A-T show-
ing SWI hypointense lesions in our
dataset limits further exploration of the
relationship between the presence or
number of these lesions and other neu-
rologic, cognitive, or imaging metrics.
Ideally future, larger imaging studies in
A-T will include SWI acquisitions,
allowing the clinical relevance of these
lesions to be formally investigated.

This study is the largest reported se-
ries of SWI in childhood A-T, and has a
well-matched control group, but is still
limited by small sample size. There was
a high rate of data rejection in the group
with A-T (one-third of the SWI data-
sets), because of excessive participant
motion rendering the image unreliable
for analysis, which reduced the number

of longitudinal SWI datasets in the group with A-T from 8 to 2.
We used careful participant preparation and carefully im-
mobilized the participant’s head in the head coil using in-
flatable pads. However, A-T is a movement disorder and
those affected are prone to involuntary movements. In addi-
tion, the SWI acquisition was toward the end of a multise-
quence research MR imaging protocol, which is likely to
have affected tolerance and led to restlessness. We have
taken steps to reduce observer bias during the identification
of SWI hypointense lesions, which was performed inde-
pendently by 2 experienced neuroradiologists who were not
aware of the disease status. However, people with A-T typi-
cally have overt cerebellar atrophy that would have been
visible on the SWI datasets during the labeling of SWI hypo-
intense lesions and it is possible that the reviewing neurora-
diologists may have unintentionally recognized that a scan
was from a participant with A-T.

CONCLUSIONS
This work demonstrates that SWI hypointense lesions are pres-
ent in children and young people with A-T with a prevalence
of 41% and accumulation is shown across the childhood age
range. No lesions were seen in children younger than 12 years
of age. Furthermore, in our cohort, lesions were exclusively
supratentorial in an overwhelmingly lobar distribution,
which is notable because the burden of neurodegeneration in
people with A-T occurs in the cerebellum.3 Further investiga-
tion is needed to elucidate the nature and relevance of these
imaging-detected lesions.
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