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Before the early 1970s, and apart from radionuclide imaging, the main
investigation of patients with possible neurological disorders involved
dangerous and uncomfortable invasive techniques, such as airencephalography
and cerebral arteriography. Since the 1970s however, the introduction of
computerised tomography (CT), and more recently magnetic resonance imaging
(MRI), has revolutionised the evaluation of neurological disease. Their
essentially non-invasive nature, their high sensitivity and good specificity for
a wide variety of lesions, and their ever-increasing availability worldwide has
ensured their success.

Recently there has been a resurgence of interest in radionuclide investigation
of neurological disease. Whereas previous techniques merely gave static images
of intracranial pathology, more recently exploited radionuclides, such as
technetium-99 ml (used as a ‘label’ for HMPAO) and cyclotron-produced
nuclides, have allowed us to look at cerebral function, providing useful insight
in various groups of diseases.

The majority of serious neurological pathologies can be excluded or evaluated
in psychiatric patients by the new techniques alone, and the non-invasive
nature of modern scanning presents a temptation to scan large numbers of
psychiatric patients in the hope of finding something’. This chapter endeavours
to provide guidance about indications for imaging patients with psychiatric
disorders. Furthermore, all imaging techniques have advantages and
disadvantages, including risk to the patient, availability and cost. Clear
understanding of these issues is essential if we are to do the best for our
patients.

Further guidance on appropriate clinical indications for imaging
investigations is given in Chapter 4.

Imaging the brain

Plain radiographs

Although plain-film radiography can demonstrate the changes of pituitary fossa
enlargement, bone erosion and the secondary effects of raised intracranial
pressure, the normal skull series does not rule out significant disease, and
is thus often not indicated. In cases where more sophisticated techniques are
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not being considered, there may be a small place for plain films, but any
determined approach to imaging will demand a CT or MRI scan.

Computerised tomography

Since its introduction in 1972, CT has quite rightly become the principal
diagnostic modality in brain diagnosis. Using computerised reconstruction
techniques to build up images from digital X-ray examination of slice-like
samplings of the body, it can visualise the majority of intracranial pathology
rapidly and non-invasively.

Computerised tomography does have some important limitations and should
be used selectively, with an appreciation of its strengths and weaknesses. CT
scanners are widely available in the UK, and many district general hospitals
already have a CT scanning service. However, demand for time on these units
is substantial because of the ‘high yield’ requirements in head injury, brain
tumours, and so on, and access for psychiatric references is often limited.
Increasingly, time on a CT scanner is also being taken up by orthopaedic,
thoracic and abdominal indications. Straightforward unenhanced axial images
will show most cerebral pathology, including hydrocephalus, infarction,
tumours, old and recent trauma (Fig. 9.1), and some congenital lesions.

Images enhanced by intravenous iodinated contrast media greatly improve
the visualisation of some intracranial lesions (see Fig. 9.2). Contrast
enhancement occurs from a combination of increased radiodensity of the blood
pool and the passage of contrast into the extravascular space in areas where
the blood-brain barrier is deficient, as are seen with malignant tumours,
inflammatory and infective lesions. A dose of contrast medium containing 15 g
iodine is adequate for general purposes.

Computerised tomography has a limited ability to demonstrate early lesions
in the posterior fossa and early white-matter disease, including demyelination.
Sagittal reformatted images, or coronal images acquired directly, can improve
the evaluation of lesions in the pituitary region or skull base.

Cerebral angiography

Cerebral angiography is invasive, unpleasant, and potentially dangerous.
Nevertheless it is highly accurate in demonstrating vascular lesions such as
atheroma, aneurysms and arteriovenous malformations, and it is vital in the
pre-operative evaluation of these lesions and selected tumours. It is currently
performed by introducing a catheter into either carotid or vertebral arteries,
depending on the territory to be investigated. This is conveniently done by
introducing the catheter into one of the femoral arteries under local anaesthetic
and guiding it to the desired vessel under fluoroscopic control. Cerebral
angiography should not be undertaken without good reason, and it should
only be performed in centres with the experience and equipment to carry it out
efficiently and safely. Prior neurological or neurosurgical referral is advisable.



Fig. 9.1 A CT image through the
upper hemispheres. Symmetrical bone
defects in the frontal regions are
associated with linear tracks running

Fig. 9.2 A contrast-enhanced CT
brain scan. This is an axial image at
the level of pineal gland and frontal
horns. An extensive low-density area

is seen extending through both frontal
lobes, with irregular central enhance-
ment. The frontal horns are markedly
compressed. This is a malignant glioma
in the genu of corpus callosum.

into both frontal lobes. This patient
had undergone frontal leucotomy.

Patients who are being considered for temporal lobe resection for epilepsy
may require amytal angiography to determine the hemisphere specialised for
language. Following catheter placement in the appropriate internal carotid
artery, with radiographic confirmation, sodium amytal is injected into
that hemisphere’s arterial supply. This produces brief anaesthesia of the
hemisphere, allowing psychological and neurological assessment of the location
of function.

Magnetic resonance imaging

Magnetic resonance imaging (MRI) was introduced for clinical use during the
mid-1980s. The patient is placed within the bore of a powerful magnet and
the tissues interrogated by pulses of radiofrequency electromagnetic radiation.
A resonant frequency is emitted by the body, permitting spatial localisation
and slice-like images to be produced in any plane. This multiplanar facility
is a major advantage over CT; also, the technique does not use potentially
harmful ionising radiation, and is extremely sensitive to disease processes.
These are particular advantages in the evaluation of the central nervous system.



Unlike CT, MR images are not degraded by bone artefacts, and MRI resolves
structures within the posterior fossa particularly well. It can detect the early
changes of infection, tumours, infarction and white-matter disease, even when
CT scans appear normal.

Recent advances have produced an intravenous contrast medium appropriate
for MRI. The availability of these paramagnetic contrast agents, which have
pharmacological properties similar to those of iodinated radiographic contrast
agents in CT, has increased the diagnostic accuracy of MRI by demonstrating
abnormalities of the blood-brain barrier.

Unfortunately, MRI is not yet widely available in the UK. The number of
scanners is slowly rising, but its versatility is such that demand for access
for scanning of the central nervous system, joint derangements, and other
body regions will ensure that the resource will remain relatively scarce for
several more years.

Radionuclide imaging

The value of nuclear medicine in neuroradiology is now in the demonstration
of function. This can be accomplished by the use of single photon emission
computerised tomography (SPECT) or positron emission tomography (PET).
SPECT is readily available and relies on the activity of HMPAO labelled with
Technetium-99 ml for images; the technetium-labelled HMPAO accumulates
relative to blood flow and thus demonstrates regional cerebral blood flow
(rCBF). PET scanning relies on the dual-energy emission of positron-emitting
nuclides. These nuclides are produced in a cyclotron and have short half-lives.
PET scanning is only available in a few centres located close to a cyclotron
and requires dedicated scanning facilities. PET scanning has the great
advantage of high spatial resolution.

Patients with temporal lobe epilepsy will show increased rCBF at the focus
if radionuclide is injected during an attack. In the resting state there may well
be focal reduction of rCBF, and the information thus available from SPECT
is helpful for corroboration before surgical excision.

Imaging the spine
Plain radiographs

The main indications for plain films are now in the initial investigation of
trauma and for the exclusion of systemic disease (metastases, osteoporosis,
ankylosing spondylitis) in those with low back pain. It is not possible to
diagnose disc protrusion on the basis of plain films alone.

Radionuclide scanning

Radionuclide scanning is sensitive for infective and metastatic disease of the
spine, but recent work suggests MRI, where available, is superior.



Fig. 9.3 Sagittal T;-weighted MR
image of cervical spine. The fourth, fifth
and sixth cervical vertebrae are fused
as a consequence of a previous severe
spinal injury. The cord behind these
vertebrae is seen to be expanded by
a cystic lesion - post-traumatic cord
syrinx.

Computerised tomography

Bony structures are well visualised on CT. Lumbar disc protrusions are also
detected in most patients. The cord and nerve roots are not satisfactorily
visualised on CT however without the presence of contrast medium to opacify
the cerebrospinal fluid (myelography).

Myelography

Myelography has been the mainstay of spinal diagnosis for many years. This
unpleasant procedure may also be associated with chemical meningitis or
simply troublesome headaches in some patients. Rarely, deaths have been
recorded. Properly carried out it is a highly sensitive and accurate examination,
and where followed by CT of suspicious areas, is usually the definitive imaging
examination of the spine. It is rapidly being replaced, however, by MRI for
all but the most complex spinal problems.

Magnetic resonance imaging

The non-invasive nature of MRI, its multiplanar capacity and ability to
demonstrate the interior of the cord make it ideally suited to the investigation
of all kinds of spinal disorders (Fig. 9.3).

Congenital lesions

Congenital abnormalities of the skull, brain and spine are common and varied
(see Table 4.3, p.140). All of these abnormalities may present in many



different ways, including seizures, mental handicap and intellectual or
behavioural changes. While many can be adequately demonstrated by CT (and
the spinal lesions by myelography), MRI is quite outstanding for these
conditions (Figs 9.4, 9.5), and should certainly be the procedure of choice for
neural tube defects, neurofibromatosis and diseases of neuronal migration.
The ability to differentiate grey and white matter clearly, without contrast,
is extremely valuable in the assessment of hemispheric dysplasias.

Vascular abnormalities can now be adequately investigated by MRI but if
operative intervention is contemplated, then conventional angiography remains
the definitive investigation.

While most cases of hydrocephalus will be adequately demonstrated on CT,
afew, especially new, cases where the cause is unclear, may require MRI, which
can demonstrate an underlying cause such as aqueduct stenosis, Chiari
malformation, and so on.

Congenital cysts take many forms. Porencephaly usually occurs in the
hemispheres and their communication with the ventricles is elegantly
demonstrated by MRI in the coronal plane. Arachnoid cysts occur in the
cerebellopontine angle, suprasellar cistern, Sylvian fissure and dorsal spine.
Local pressure effects in these areas lead to appropriate clinical presentations.
Again, MRI shows these lesions well but they can be adequately evaluated
with CT or myelography as appropriate.

Birth infarcts show the characteristic vascular territorial distribution seen

in adult-onset infarction, but with the added consequences of hemiatrophy
in most instances. More generalised hypoxia leads to a variety of destructive
or cystic manifestations throughout the hemispheres. Both these processes
are well seen on CT.

Fig. 9.4 Sagittal T;-weighted MR Fig. 9.5 Axial T,-weighted MR image

image showing absence of most of the through the upper parts of the lateral
corpus callosum except genu - agenesis ventricles. The striking symmetrical high
of corpus callosum. signal intensity in the white matter of the

posterior hemispheres suggests white-
matter disease - adrenoleucodystrophy.



Infection

Most acute cerebral infections present with fairly dramatic symptoms and signs.
Headaches, fever, neck stiffness and focal neurological signs are usually
prominent features, and psychiatric elements are also quite common.
Meningitis is not usually evident on brain scanning unless hydrocephalus or
infarction has developed. Psychiatric presentations in patients with previous
meningitis may be associated with complications such as hydrocephalus,
ischaemia or atrophy; these can be detected with CT or MRL

Encephalitis can usually be demonstrated as an area of oedema, particularly
after a few days and especially on MRI. Abscesses are more readily identified
because of their evolving mass effect and contrast-enhancing capsule. The
demonstration of intracranial infection is greatly improved on CT with the
use of intravenous contrast, and an unenhanced scan is not an adequate
investigation to exclude subdural empyema.

Chronic infections are often granulomatous in type and are usually
demonstrated on enhanced CT or MRI. However, their mass-like nature
frequently causes them to be mistaken for neoplastic lesions (e.g. metastases).
While tuberculosis and sarcoid are the most important causes of these chronic
lesions, cerebral toxoplasmosis in immune-compromised patients (AIDS) may
also present with non-specific masses. AIDS patients may also present with
deteriorating intellectual function due to direct infection of the brain substance
by HIV virus. These manifestations are shown on CT or MR, but the pattern
is often non-specific.

Most cases of suspected infection of the brain are adequately assessed with
contrast-enhanced CT.

Spinal infections may involve the disc space or epidural tissues. Pain is a
prominent feature and radionuclide, CT or MRI scanning show lesions well.
Plain films may also be helpful.

Vascular disease

The various manifestations of vascular lesions represent the commonest cause
of disease in the older population. Most of those with neurological manifestations
will present with the physical results of infarction or haemorrhage. These will
usually be manifest as unilateral weakness or other results of discrete focal
loss of brain function.

Computerised tomography has been the mainstay of diagnosis for such
patients for many years. Infarction and haemorrhage are both well shown by
this technique. Angiography may be required if a local cause for haemorrhage
needs to be excluded. Vascular lesions in the posterior fossa, however, are
not often well shown on CT, and MRI is distinctly superior here. Lesions such
as aneurysms, arteriovenous malformations and venous occlusion can be
detected by CT and confirmed by angiography. Giant aneurysms present a



Fig. 9.6 A CT image through the
upper hemispheres. The patchy areas
of low density in the white matter
around the lateral ventricles in older
patients are highly suggestive of
small-vessel cerebral ischaemia or
Binswanger’s disease.

slightly different clinical picture from small aneurysms. Although they not
infrequently produce subarachnoid haemorrhage, their common presentation
is as an intracranial mass lesion, often associated with dementia. They show
on CT as mass lesions with marginal calcification and brisk enhancement of
some portion of the aneurysm, often with a laminated surrounding structure.
MRI is being used increasingly for the demonstration of these lesions. Small
aneurysms as a cause for subarachnoid haemorrhage however require high-
quality angiography for their demonstration. Planned surgery or other
intervention will also demand a full angiographic assessment.

Many patients with vascular disease present in other ways, however.
Intellectual deterioration, psychosis and dementia may all be the result of brain
ischaemia. Binswanger's disease (Fig. 9.6) and multi-infarct dementia (see
Chapter 6, pp. 188-193) are well recognised. CT and MRI may show multiple,
small, discrete wedge-shaped cortical infarcts, but more commonly ill-defined
patchy changes are seen in the white matter of the upper hemispheres adjacent
to the lateral ventricles and are thought to be the result of small-vessel
ischaemia. Hypertension is commonly present. On the other hand a large
proportion of apparently healthy people over the age of 55 years will show
evidence of similar lesions on MRI.

Trauma

Most patients suffering an acute head injury will have obvious cerebral or spinal
signs. Psychiatric presentations are less common and are more likely to be
seen as the result of the delayed effects of trauma.

Cerebral trauma is well demonstrated in the acute stages by CT. In
some instances, however, widespread shearing injuries or diffuse lesions






