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Preface

Multidetector computed tomography (MDCT) offers new
and exciting opportunities for imaging patients suspected of
afflictions of the nervous system. Achievement of this
benefit requires an understanding of its full potential in
displaying the features of the spectrum of relevant diseases.
It also depends upon employing an approach that ensures
that it is applied to best effect by tailoring the technique of
examination to the patient's clinical problem.

We hope that this account, distilling the conceptual and
technical lessons gained from our extensive experience of
MDCT, will provide practical guidance to radiologists,
whether general or specialist, and their team of
radiographers/technicians that will enable them to take full
advantage of the opportunities offered by MDCT in brain
and spine imaging. This will enrich their practice and
expand the benefits they can bring to their patients. 

The advantages of MDCT include its ability for routine
sub-millimetre scanning of large areas at acceptable
radiation doses. The enhanced postprocessing techniques
and the rapidity and ease with which they can be obtained
mean that they can be applied with no limitation on
throughput or reporting times. Although magnetic
resonance imaging (MRI), with its ability to differentiate
soft tissues has many applications, computed tomography
(CT) remains the appropriate first-line investigation for
most patients with an acute cerebral event and for those who
still cannot undergo MR for one reason or another
(approximately 1 patient in 5).

MDCT has many technical benefits over single-slice CT
but when a small area is to be covered, e.g. the orbit and the
cavernous sinus, a single slice scanner is acceptable and a 4-
slice MDCT can be almost as effective as a 64-slice CT. In
contrast, when a large area is to be covered, a scanner with

16 or more detectors is optimal and single slice imaging
precluded by technical limitations and the radiation dose it
would give. MDCT provides new opportunities to improve
the standard of routine brain examinations and to expand
CT techniques into new areas. The techniques we describe
can be adapted to any MDCT system for any similar clinical
situation

In most radiology textbooks a systematic approach is
followed. The appearances of specific pathologies, e.g
tumours, trauma, and degenerative disease, are classified,
described and inclusively illustrated. In practice, most
patients present with a combination of symptoms and signs
which must be investigated in order that pathology can be
either excluded or identified and managed. This book
adopts such a problem-based approach and is intended to
be a supplement to the standard disease-based texts. Our
approach is based on the concept that the information from
the clinical referral can be used to define a tailored MDCT
technique which will optimize the likelihood of correctly
identifying or excluding causative pathology. The
commonly held belief that a single CT brain protocol is
appropriate in all situations is no longer realistic,
appropriate, or tenable.

The illustrations are intended to convey how the CT
techniques applied affected diagnosis or management in a
range of common clinical scenarios. They show how MDCT
can be used in a routine service role in a way that maximizes
its potential, and how knowledge of that potential enables its
use to be extended to unexpected applications. The
illustrations are not inteded to be a comprehensive catalogue
of abnormalities, but to convey why such images should be
obtained and how to get the most from them. Protocols are
given in detail so that radiographers or technicians, with the
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Preface vii

General note

The authors work in the Regional Department of Clinical
Neuroradiology at the Institute of Neurological Sciences,
Southern General Hospital, Glasgow. This is a busy tertiary
referral neurological and neurosurgical unit for the 3 million
people in the west of Scotland. The neuroradiology
department has had computed tomography (CT)
experience since the second only commercial EMI CT
scanner was installed there in 1973. CT scanning remains a
pivotal part of the acute imaging service and regular
upgrading of the scanners has allowed the unit to keep
abreast of technological developments; the department
currently has one 4-slice and one 64-slice multidetector
(MDCT) scanner.

The contents of this book are intended to show what can
be achieved with MDCT in current neuroimaging. The
book details the actual protocols used in the authors’ unit
but these principles adopted by another unit will need to be
tailored to the technical specification of the local scanner.
Achieving the quality of imaging presented requires work,
practice, and experience.

guidance of the radiologist, can apply them in any specialist
or nonspecialist department. 

Detailed imaging of a patient suspected of disease of the
brain or other parts of the nervous system need no longer be
the prerogative of a specialist neuroradiology unit. Using the
approaches we describe, detailed, highly focussed, highly
informative and clinically influential investigation can be
practised in any radiology department where there is a need
and desire to provide quality brain and spinal CT imaging.

This book will appeal to many kinds of reader and at
different stages of their careers. It will be an invaluable
companion to trainee and trained radiologists in their daily

study and work. Radiographers/technicians will find the
reasons that a specific protocol is chosen will enhance their
knowledge and understanding and make their work more
interesting and fulfilling. Clinicians will gain insight into the
radiologists mind: how and why they make decisions and
why specific techniques are chosen. Most of the common
neurological and neurosurgical conditions are covered so
that a review of the images will be a valuable exercise in
preparation for the ordeals of post-graduate examinations!

Evelyn M Teasdale 
Susan Aitken 

Contributor

Leighton J Walker 
MA MBChB MRCP FRCR
Consultant Diagnostic Neuroradiologist
Institute of Neurological Sciences
South Glasgow University Hospital
Southern General Hospital
Glasgow, UK

Image display

• The legends make it clear on which side lies any
pathology but none of the images have a printed left/right. 

• Axial images are displayed in standard body mode with
the patient’s right on the left side of the image.

• Coronal reconstructions are displayed as if facing the
patient, that is, with the patient’s right on the left side of
the image.

• Axial volume rendered 3D images are displayed as if
looking down on the patient from the top of the head, so
the right side of the patient is on the right of the image

• No window centre/window width is printed on the
images. Examples are given in the techniques sections
and the illustrations show the optimal level of contrast.
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Abbreviations
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ACTH adrenocorticotrophic hormone
AVM arteriovenous malformation
BBB blood–brain barrier
CBF cerebral blood flow
CBV cerebral blood volume
CSF cerebrospinal fluid
CT computed tomography
CTA computed tomography angiography
DAVF dural arteriovenous fistula
DSA digital subtraction angiography
ECST European Carotid Surgery Trial
IAM internal auditory canal
ICA internal crotid artery
IIH idipoathic intracranial hypertension
IV intravenous
MCA middle cerebral artery
MDCT multidetector computed tomography
MDCTA multidetector computed tomography

angiography
MDCTV multidetector computed tomography venography

MIP maximum intensity projection
MPR multiplanar reformation
MR magnetic resonance
MRA magnetic resonance angiography
MRI magnetic resonance imaging
MTT mean transit time
NASCET North American Symptomatic Carotid

Endarterectomy Trial
PACS picture archive and communication system
PICA posterior inferior posterior cerebrellar artery
ROI region of interest
SAH subarachnoid haemorrhage
TIA transient ischaemic attack
TTP time to peak
US ultrasound
vHL von Hippel-Lindau (disease)
VR3D volume rendered 3D (image)
VRT volume rendered technique
WC window centre
WW window width
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Routine noncontrast
brain imaging

Chapter 1

Introduction

Using a modern multidetector computed tomography
(MDCT) system, ‘routine’ brain scanning should usually be
performed using incremental techniques. Scanning
incrementally, rather than helically, gives high quality
imaging while affording a lower radiation dose than scanning
helically. The radiation dose from an incremental scan is
typically 25–30% lower than for a similar volume scanned
helically. Additionally, if a patient moves during an
incremental scan, only one block of data is corrupted. Many
more slices are corrupted for a helical scan.

Scanning incrementally also allows the scanner gantry to
be angled to avoid the lens of the eye and to reduce the length
of scan required to image the brain. Scanning helically usually
means that the gantry cannot be angled, meaning a higher
volume is scanned and the lens of the eye cannot be avoided.

With the speed of acquisition currently available there can
be no reason not to apply a detailed technique. It is, however,
disappointing to observe that when a hospital acquires a new
scanner, and after the company demonstrator leaves, the
brain imaging technique regresses to one similar to that of
the old scanner with thick slices and high contrast images.
Radiologists should ensure that thin slices are acquired which
are combined to provide images with better spatial resolution
and signal to noise, but they can also be reprocessed into the
acquired thickness to provide good multiplanar reformation
(MPR) if necessary. On a modern scanner, it is possible to
reconstruct the combined data down to the acquired
submillimetre sections for detailed analysis if necessary,
whilst thicker combined sections are sent to the institutional
picture archive and communication system (PACS).

If a lesion is seen on a routine scan and the decision to
give contrast is made, the following contrast scan should be
acquired with a helical technique as described in Chapter 2,
or as an angiographic study as appropriate.

In specific situations, where scan information is used as a
regular or repeated clinical update, it is possible to use a
limited scan of a few thick slices with a markedly reduced
radiation dose. This is specifically for follow-up of head
injured/postoperative patients and those for intraventricular
drainage monitoring. This should be used rarely outwith an
interactive neurosurgical environment.

Indications

• Headache. 
• Epilepsy/seizure.
• Head injury.
• Stroke.
• Subarachnoid haemorrhage.
• Deteriorating conscious level.
• Dementia.
• Confusion.
• Unexplained coma.
• Any acute presentation.
• Anything else that is justifiable. 

Technique

Table 1.1 presents the parameters for a routine scan of the
brain. Figure 1.1 is a surview for routine and follow-up brain
scans. Incremental, not helical, scanning allows an
angulation of the gantry parallel to the floor of the anterior
fossa to avoid irradiating the lens of the eye.

The follow-up brain scan

Table 1.2 presents the parameters for a follow-up brain scan.

1
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Reconstruction and reformation

Usually only the simple, axial plane reconstructions are
necessary (1.2). To obtain the reverse temporal lobe angle
for the assessment of the hippocampus in possible
Alzheimer’s disease, take a sagittal plane through the
temporal horn then angle the axial plane parallel to the
temporal horn (1.19). 

Pathology and illustrations

Some illustrations of disease/conditions will be given
(1.3–1.19) but clearly almost any pathology could be shown
and the vast majority of such examinations in the above
clinical situation will be normal. A negative head scan can be
a very reassuring examination and the anticipated and
desired clinical result.

Routine noncontrast brain imaging2

Patient position Supine

Surview Lateral

First slice 1 cm below foramen 
magnum

Angle parallel to floor 
of anterior fossa

Last slice Vertex

Field of view ~250 mm

Slice width 2.5 mm fused to 5 mm

Slice increment 2.5 mm

Collimation 16 × 0.625 mm

Rotation time 1.5 sec

kV/mAs 120 kV/300 mAs

Resolution Standard

Filter Soft tissue with 
bone/brain correction 
if available

Reconstructive zoom To cover whole head

Windowing WC 40 

WW 100

Table 1.1 Parameters for a routine scan of 
the brain

1.1 Surview for routine and follow-up brain scan.

Patient position Supine

Surview Lateral

First slice 1 cm below foramen 
magnum

Angle parallel to floor of 
anterior fossa

Last slice Vertex

Field of view ~250 mm

Slice width 10 mm

Slice increment 10 mm

Collimation 16 × 0.625 mm

Rotation time 1.5 sec

kV/mAs 120 kV/150 mAs

Resolution Standard

Filter Soft tissue with 
bone/brain correction if 
available

Reconstructive zoom To cover whole head

Windowing WC 40

WW 100

Dose 50% of the routine brain 
technique

Table 1.2 Parameters for a follow-up brain scan
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Routine noncontrast brain imaging 3

1.2 (A–D) Representative images of
a normal patient scanned with the
routine brain protocol.

A B

C D

A B

1.3 Grey matter migration
abnormalities can be seen
with MDCT. (A) This is a deep
right frontal sulcus
(schisencephaly) with
thickened abnormal grey
matter surrounding it. (B)
shows ectopic grey matter on
the lateral walls of the lateral
ventricles. Either can be
associated with epilepsy. 
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1.5 The right frontal haemorrhagic contusion shows different
episodes of bleeding; the most recent bleed (arrow) is posterior to
the retracted hyperdense clot. It is of lower attenuation because it
is still liquid. The thin subdural (left) and the tiny bilateral
contusions are well defined, as is the midline shift and the diffuse
low attenuation in the left temporoparietal region. All these lesions
will have an effect on the patient’s final outcome. (4-slice scan.)

Routine noncontrast brain imaging4

1.4 This is a very typical severe head injury with left temporal haemorrhagic contusions and an overlying thin subdural
(A). This is easy to show (B) without changing the viewing factors because of the improved resolution of the thin acquired
slices.

A B

MDCT final_hl.qxd:Dementia final.qxd  26/6/09  11:40  Page 4



Routine noncontrast brain imaging 5

A B C

1.6 The massive acute subdural haematoma in (A) and (B) shows mixed attenuation within it. The low attenuation areas
are the most recent heamorrhges. The midline (arrows in [B]) is displaced more than 2 cm and there is abnormal
dilatation of the posterior horn of the left lateral ventricle due to compression at the foramen of Munro. This sign correlates
with the clinical signs of brain stem compression. The medial temporal lobe has herniated through the tentorial hiatus
(arrow in [A]) and compresses the brainstem. There is also a linear haemorrhage in the midbrain (short arrow). This is a
Duret haemorrhage due to the tearing of the perforating arteries secondary to the inferior displacement of the midbrain by
the supratentorial mass. Note also the loss of grey/white matter differentiation in the compressed right hemisphere due to
secondary ischaemia. In contrast is the moderately large subdural haematoma in (C) which has minimal mass effect
because of the underlying atrophy.

1.7 The subtle haemorrhages associated with primary
diffuse axonal injury are better defined now with the
improved spatial resolution. This parasagittal image
shows small high midbrain lesions (arrows) and scattered
subcortical lesions (arrowheads) diagnostic of this primary
brain trauma. Occasionally only low attenuation oedema
identifies the site of the brain injury and this is much
better appreciated with thin slice acquisition. 
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Routine noncontrast brain imaging6

A B

1.9 Suspect a penetrating injury when there is a linear contusion/haemorrhage as in (A) (arrow). The VR3D (B) is from
the subsequent angiographic study but it confirms the slit-like knife wound (arrow). Not all patients are keen to tell the
truth about exactly what happened to them!

A B

1.8 The thin slices offer less artefact from metal penetrating objects and can show the intracranial injury despite the
signal drop out (black streak in [A]). This was a self inflicted wound with a crossbow. (B) This is a sagittal image from an
angiographic study (helical) to assess any vascular injury following this orbital penetrating injury with a wooden handled
brush. Angiography is recommended in the assessment of all penetrating trauma and MDCTA can often suffice.
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Routine noncontrast brain imaging 7

A B C

1.10 This student was admitted in December in coma. The initial scan (A) shows very subtle loss of density in the globus
pallidus (arrows) bilaterally, more obvious on the left. This is indicative of carbon monoxide poisoning which was
confirmed on the scan the next day (B) (arrows). The late follow-up shows the focal damage and more generalized
atrophy and ventriculomegaly (C). A faulty heating system was discovered to be the cause of the poisoning.

A B

1.11 This patient, admitted in coma, had been found with signs of a soft tissue neck injury; assumed strangulation. The
scan shows low attenuation ischaemia of the entire brain stem, midbrain, and supratentorial structures. The dense tissue
outlined in (A) is a combination of the vital cerebellum and tentorium. The high attenuation material around the midbrain
(arrows) in (B) is not SAH but reflects the pia and arachnoid material against the low attenuation ischaemic brain, the so
called ‘reversal sign’. 
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Routine noncontrast brain imaging8

A B

1.14 Coma can be due to acute occlusion of the arteries to the brain stem. Always review the attenuation of vertebral and
basilar arteries. In (A) the right vertebral artery (arrow) is of much higher attenuation than the left and this reflects acute
thrombus within that artery. In (B) the thrombosed basilar artery (arrow) is denser than the internal carotid (arrowhead).

1.12 One of the commonest reasons for brain CT is
possible SAH. While a heavy blood load is easy to
identify, subtle changes are easy to miss. One give away
is the presence of slight hydrocephalus as shown by the
dilated temporal horns as in this case. The arrow points to
a little SAH in the Sylvian fissure. Similar appearances
can also be seen with meningitis so lumbar puncture or
good clinical judgement is necessary.

1.13 This patient has a complex alcohol and drug abuse
problem and had this scan after an episode of confusion
and ‘collapse’. The low attenuation centrally within the
pons (arrow) is diagnostic of central pontine myelinolysis
secondary to rapid correction of a sodium imbalance.
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1.17 There is an
irregularly calcified
lesion with no
mass effect and
no enhancement
with IV contrast.
This is a large
cavernoma, a type
of capillary/venous
vascular
malformation
which can present
with brain
haemorrhage or
seizures. 

1.18 One major
problem caused
by the increased
availability of
scanning is the
demonstration of
incidental
pathology which
is of no
consequence.
Here is a small
pineal cyst
(arrow). It is
essential that
patients are not
worried by such
findings and that repeated examinations, usually MR, do
not reinforce a belief that the cyst may cause harm.

1.16 This patient presented with a seizure and confusion. The
diffuse haemorrhage in the white matter is very suggestive of
venous infarction and the sagittal reformation shows the
hyperdense acute thrombosis (arrows) in the sagittal sinus.

1.15 Stroke is a common
indication for routine
brain scanning. Thin cuts
of the posterior fossa are
necessary to define
accurately any ischaemia
such as the low
attenuation PICA infarct
here (A); it is important
not to overlook this in the
expectation of, or
presence of,
supratentorial ischaemia
(B) where there is bilateral occipital ischaemia and a subtle
infarction in the left thalamus (arrow). (See also Chapter 7.)

Routine noncontrast brain imaging 9

A

B
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Learning points

• This technique provides a rapid high resolution
examination of the entire brain and reduces radiation to
the orbits.

• It suffices for most of the common reasons for head
scanning.

• Small lesions are much better identified than with single
slice CT.

• Fused thin sections improve spatial and contrast
resolution especially in the posterior fossa.

• Spatial resolution is best with incremental scans.
• If the diagnosis is to be made from axial sections and not

on MPR views then incremental scanning is best.

Further reading

Frisoni GB, Geroldi C, Beltramello A, et al. Radial width of
the temporal horn: a sensitive measure in Alzheimer’s
disease. AJNR 2002;23:35–47.

Gadda D, Carmignani L, Vannucchi L, Bindi A. Traumatic
lesions of corpus callosum: early multidetector findings.
Neuroradiology 2004;46:812–16.

Jobst KA, Smith AD, Szatmari M, et al. Detection in life of
confirmed Alzheimer’s disease using a simple
measurement of medial temporal lobe atrophy by CT.
Lancet 1992;14:340(8829);1179–83.

Jones TR, Kaplan RT, Lane B, Atlas SW, Rubin GD. Single
versus multidetector row CT of the brain: quality
assessment. Radiology 2001:219(3):750–5.

Roos JE, Desbiolles LM, Willmann JK, Weishaupt D,
Marincek B, Hilfiker PR. Multidetector-row helical CT:
analysis of time management and workflow. Eur Radiol
2002;12:680–5.

Rubin GD. Data explosion: the challenge of multidetector-
row CT. Eur Radiol 2000;36:74–80. 

Yama N, Kano H, Kurimoto Y, et al. The value of
multidetector row computed tomography in the diagnosis
of traumatic clivus epidural haematoma in children: a
three year experience. J Trauma 2007;62:898–901.

Routine noncontrast brain imaging10

1.19 Patients with Alzheimer’s dementia have loss of
volume of the hippocampus. From a standard scan, axial
reformations are planned from the sagittal MPR along a line parallel to the temporal horn (A). The width of the
hippocampus opposite the midbrain should be 10 mm or greater when normal. Here it measures only 6 mm (B).

A

B
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