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General considerations

AT is associated with increased sensitivity to
ionising radiation and hence requests for
medical imaging with ionising radiation
exposures needs careful consideration.

In the UK, the lonising Radiation (Medical
Imaging) Regulations 2017 (IRMER) safeguard
people exposed to ionising radiation for medical
imaging [1]. These regulations require the
Referrer to provide sufficient clinical information
to the Practitioner to allow them to make an
assessment as to whether the exposure is
justified in terms of possible benefit to the
patient compared to the risk of the exposure.
The Operator performs the imaging study
keeping the radiation dose as low as reasonably
achievable (the ALARA principle). Medical
imaging studies involving ionising radiation
include radiographs (‘x-rays’) such as chest
radiographs and mammograms, computed
tomography (CT) scans, fluoroscopy studies, and
nuclear medicine studies such as PET scans.

For people with AT, medical imaging studies
involving ionising radiation can be vital for
monitoring AT related complications such as
lung disease or cancer and may be needed for
other medical problems not directly related to
AT. Evaluating the balance of risk and benefit
from the radiation exposure for people with AT
can be difficult for the IRMER Practitioner. While
the radiation dose ranges are known for medical
exposures [Box 1], translating the dose range
into an interpretable cancer risk for people with
AT is challenging because reliable data for
cancer risk over the diagnostic exposure range in
the AT population is not available, and risks may
vary depending on an individual’s residual ATM
protein function. The IRMER requirement for the
Referrer to provide detailed clinical information
to the Practitioner therefore becomes
particularly important so that the potential
benefit from the exposure is clear, and the
Operator must carefully follow the ALARA
principle to minimise the administered dose.

Where possible, non-ionising imaging techniques
such as ultrasound and magnetic resonance
imaging (MRI) should be used.

Box 1

lonising radiation dose estimates for
medical imaging tests mentioned in

this guideline:

- Chest radiograph (single projection) 0.014 mSv
- Chest CT scan 6.6 mSv

- Whole body 18FDG PET scan 7 mSv

- Whole body 18FDG PET / CT scan 15 mSv

- Videofluoroscopy swallowing study* | 0.1 mSv

- Whole spine radiograph for scoliosis | 0.15 mSv

Relatable non-medical ionising
radiation dose estimates for

comparison:

- Eating 100g of brazil nuts 0.01 mSv
- One year background radiation living

in the UK (average) 2.7 mSv

- Return flights between London and

New York 0.2 mSv

- Return flights between London and

Sydney 0.32 mSv

Box 1 footnotes: Data taken from multiple references [2-5].
*Using the videofluoroscopy protocol described by Lefton-
Greife et al [6].

Specific roles for these techniques as first or
second line investigations in AT are outlined
below, but at present they do not fully replace
the judicious use of plain radiography, CT
scanning, fluoroscopy or nuclear medicine
studies when indicated. All people undergoing
MRI complete a safety questionnaire prior to the
scan to check for MRI contraindications. As
people with AT may have long-term implanted
devices as part of their management, it is worth
making sure at the time of insertion that devices
are MRIl-compatible whenever possible so that
future use of MRI is not contraindicated. There
are no specific contraindications to the use of
intravenous iodinated (for CT) or gadolinium-
containing (for MRI) contrast agents in AT, and
the standard local procedures for assessing use
of contrast agent in individuals should be
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Imaging in the initial diagnosis of AT

Brain MRI scanning is indicated in children
presenting with neurological features seen in AT,
such as ataxic gait, abnormal eye movements,
dystonia and other movement disorders such as
chorea, athetosis and tremor. Brain MRI can
usefully exclude cerebellar tumours or other
structural brain abnormalities as a cause of the
neurological presentation, but it should be noted
that initial brain imaging in young children
subsequently diagnosed with AT is often normal.
Hence negative brain MRI does not exclude the
diagnosis of AT.

In older children or adults presenting with
features consistent with AT, cerebellar atrophy is
usually visible. Studies report atrophy involving
superior cerebellar hemispheres and superior
and inferior cerebellar vermis [7], although in our
experience the pattern of atrophy is non-
specific. The imaging appearances can overlap
with other genetic, metabolic and toxic causes
for cerebellar atrophy and hence imaging alone
is insufficient for diagnosis of AT.

Imaging to monitor neurological progression

At present there is no direct role for routine
follow-up brain imaging in management of AT.
However, when performed follow-up brain MRI
typically shows progressive cerebellar atrophy
[8]. Susceptibility-weighted imaging may show
focal hypointensities in the supratentorial brain
parenchyma. These are absent in the first decade
and accumulate through adolescence and into
adulthood in people with AT [9,10]. Case series
also describe white matter lesions in people with
AT but the clinical relevance of such findings is
currently unclear [10-12].

Quantitative imaging biomarkers of disease
status and prognosis are currently being
evaluated. These may be incorporated into
future clinical trials but are not yet
recommended for use in clinical practice.

Imaging to diagnose cancer in symptomatic
individuals and to monitor cancer response

People with AT who present with signs,
symptoms or blood test results suggestive of
cancer should undergo timely imaging
investigation following the IRMER and ALARA
principles laid out above. Where the standard
diagnostic approach uses ionising radiation
imaging modalities such as CT or PET scans, this
can be justified because the benefit of timely
diagnosis (or exclusion) of cancer in this group is
generally assumed to outweigh the unquantified
risks associated with the exposure. It may be
possible to reduce radiation exposure by
targeting the imaging to a specific organ or body
part. The use of non-ionising imaging modalities
should always be considered and these may be
suitable as first line investigations, such as MRI
for possible brain tumours or ultrasound for liver,
breast or soft tissue lesions. However, where an
equivalent non-ionising investigation is not
available, and when ionising radiation
investigations are needed for further
characterisation of lesions or detection of
disseminated cancer, these should be performed
promptly to avoid delaying diagnosis and
treatment of malignancy.

The imaging approach to monitoring the
response of cancer to treatment follows similar
principles. Non-ionising imaging should be used
where this is the usual first choice investigation,
or where it provides equivalent information to
the ionising imaging investigation. However,
where an ionising imaging investigation is
required to detect a change in tumour status or
treatment complication which could alter the
treatment approach, this should be carried out
promptly. Again, limiting the examination to a
specific area may reduce the radiation dose, and
this should be discussed and agreed with the
radiologist as part of the multidisciplinary team
discussion.
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Imaging for cancer screening

The UK Breast Screening Programme recommends
annual screening for women with AT between the
ages of 25 and 71 years using breast MRI [13]. X-
ray mammography should not be performed [13].

Untargeted cancer screening using whole body
MRI has been implemented in some cancer
predisposition syndromes such as Li Fraumeni
syndrome [14], but has not yet been
systematically evaluated in, or incorporated into
guidelines for, people with AT. A recent study
involving families affected by AT showed that
prospective cancer surveillance with whole body
MRI would be welcomed, but concerns were
raised regarding the potential for increased
anxiety relating to having the cancer screening
and the need for effective communication and
preparation for the tests [15]. There is agreement
among international experts that evidence-based
guidelines are required for cancer surveillance in
AT, but the experts did not agree about the
optimal scanning interval or whether different
approaches would be required for adults and
children with AT, or for people with classic and
variant AT [16]. A recent feasibility trial of whole
body cancer surveillance in children and young
people with AT has shown that the approach is
feasible and well tolerated, and larger studies are
now required to demonstrate the efficacy [17].

Imaging for the diagnosis and monitoring of
lung disease

The susceptibility of people with AT to lung
disease means that they are likely to require
imaging studies to diagnose and monitor
respiratory complications of AT. Close liaison with
the consultant radiologist and senior radiographer
is required to ensure IRMER requirements and the
ALARA principle are followed, as described
above. Technical adaptations to studies may be
possible to reduce the dose of ionising radiation,
for example by limiting spatial coverage to a
specific area of concern in the chest. However,
when chest imaging could alter the management
plan in symptomatic patients, the imaging should
not be delayed or compromised due to concerns
regarding radiation dose. A detailed
consideration of indications and risks of chest
imaging in AT has been provided by the European
Respiratory Society [18].

The susceptibility of people with
AT to lung disease means that

they are likely to require imaging
studies to diagnose and monitor
respiratory complications of AT

Chest radiographs are the first-line imaging
investigation in people with AT with suspected
lower respiratory tract infection not responding
to antibiotics, or other unexplained acute
respiratory presentation. CT scanning may be
required for evaluation of interstitial lung
disease, after review by a specialist respiratory
physician. Repeated CT should be avoided
unless absolutely necessary, and then only after
multidisciplinary discussion involving a senior
respiratory physician and radiologist. MRl shows
potential as a non-ionising imaging modality for
detecting and monitoring lung disease in AT [19,
20] with evaluations currently underway, but this
requires optimised imaging sequences and
protocols and is not yet recommended in routine
clinical practice.

Imaging in the assessment of swallowing

Videofluoroscopic swallowing studies may be
required to evaluate swallowing in people with
suspected aspiration [6]. This should be
performed after evaluation by, and in
conjunction with, a speech and language
therapist with experience in caring for people
with neuromuscular disorders. Ultrasound
evaluation of tongue and laryngeal movements
shows promise as a non-ionising alternative
imaging technique to videofluorscopy [21], but
has not yet been fully evaluated in AT and is not
currently recommended for routine clinical use.
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Imaging in the assessment of liver steatosis
and fibrosis

Liver disease is increasingly recognised in people
with AT and is typically mild and presenting as
elevated liver enzymes and hepatic steatosis, but
case reports of cirrhosis, liver failure, and
hepatocellular carcinoma (HCC) in patients with
AT appear in the literature [22]. Liver
involvement in AT is most commonly identified in
the second decade, and is present in 90% in
people with AT over 20 years. Ultrasound is
widely used as a non-invasive, non-ionising
imaging method for detecting liver steatosis,
which is detected as increased echogenicity of
liver parenchymal. Ultrasound-based transient
elastography, for example using the FibroScan®
system (Echosens, Paris, France) has also been
used for quantifying liver steatosis and fibrosis in
people with AT [23, 24]. A recent study has also
shown feasibility of MRI for identifying liver
steatosis and estimating liver fat fraction in
people with AT, which may provide an additional
non-invasive tool for monitoring liver
involvement, once confirmatory studies are
available [25].

Imaging for detecting and monitoring scoliosis

Imaging to evaluate presence and severity of
scoliosis in people with AT should be based on
clinical suspicion of scoliosis. At present there is
no evidence to support prospective screening
for scoliosis in people with AT.

The standard imaging technique for evaluating
scoliosis is standing plain anteroposterior
radiograph of the whole spine. This allows
measurement of scoliotic curvature. If required, a
lateral view can be performed to co-existent
kyphosis. Collimation of the x-ray beam as close
to the spine as possible is recommended to
reduce irradiation of the breasts and other
organs. The radiation exposure can be justified
in cases of clinically suspected scoliosis on the
basis that if scoliosis is confirmed, it could guide
further investigations and management. For
people who are unable to stand for the
radiograph, the technique may need to be
adapted accordingly. For example, in
Nottingham we use a purpose-built chair with no
metal components in the imaging field, and
supports to allow erect spine radiographs in the
sitting position. In rare instances where sitting
radiographs are not possible, supine radiographs
are used.

Scoliosis may be identified as an incidental
finding in people with AT who undergo chest
radiographs or CT, or body MRI scans, for other
purposes. Indeed coronal MRI scans have
potential for replacing plain radiography as a
non-ionising primary imaging tool for detecting
scoliosis in people with AT. Although MRI is
usually limited to non-erect imaging and has not
yet been formally evaluated in AT for this
purpose and is not currently recommended for
primary evaluation of scoliosis in AT.
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