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Preface

Welcome to the second edition of Interpretation of Emergency Head CT.

The aim of this book is again to prepare interested specialists with a structured, image-
driven handbook for CT Head and Neck interpretation. With the advances and refinement
of imaging protocols in trauma, we felt it was time to include guidance on trauma CT neck
interpretation. A schema is provided by which to analyse the images, in order to develop
greater confidence in diagnosing the most common and time-critical problems. Up-to-date
images, with accompanying text, make this book an accessible reference and aide-memoire
for medical and allied professionals. The topics included should be useful for anybody
revising for postgraduate examinations, and it should also prove to be an invaluable text for
medical and radiography students alike. Small enough to carry around, we hope that we
have once again provided a reliable reference for use anytime, regardless of the time of day
or night.
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Fundamentals of Computer
Tomography Imaging

History

In the early 1970s, Sir Godfrey Hounsfield’s research produced the first clinically useful
computed tomography (CT) scans.

Original scanners took approximately 6 minutes to perform a rotation (one slice) and
20 minutes to reconstruct (Fig. 1a). Despite many technological advances since then,
the principles remain the same.

On early scanners, the tube rotated around a stationary patient, with the table moving
to enable a further acquisition. The machine rotated clockwise and counter-clockwise
as power was supplied via a cable.

Modern-day helical or spiral scanners obtain power via slip ring technology, thus
allowing continuous tube rotation as the patient moves through the scanner
automatically (Fig. 1b). This allows a volume of data to be acquired in a single rotation,
with the benefits of faster scanning, faster patient throughput and reduced patient
movement artefacts.

New multi-slice scanners use existing helical scanning technology, but have multiple
rows of detectors to acquire multiple slices per tube rotation. The faster imaging with
multi-slice scanners allows a larger volume of coverage and multiphase scanning during
intravenous contrast administration (Fig. 2). This, coupled with improved spatial
resolution, allows organ-specific as well as vascular assessment, leading to the advent of
CT angiography and virtual endoscopy.

Advanced computer processing power allows reconstructive techniques, such as three-
dimensional and multiplane reformatting, providing us with additional tools with which
to improve diagnostic accuracy and aid clinical management.

Technical Details
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The X-ray tube produces a narrow fan-shaped beam of collimated X-rays, which pass
through the patient to reach a bank of detectors opposite the source (Fig. 3).

X-rays are attenuated differentially by the patient, depending on the tissues through
which they pass. Low-density tissues such as fat/aerated lung absorb fewer X-rays,
allowing more to reach the detector. The opposite is true for dense tissues such as
bone.

The amount of transmitted X-ray radiation received by the detector provides
information about the density of the tissue through which it has passed.
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Figure 1 Diagrams showing (a) a single-slice scanning system and (b) a single-slice helical CT scanning system,
where the X-ray tube continues to rotate as the patient moves through at a constant rate.
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Figure 2 Multi-slice helical CT scanner with four detectors.
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Fundamentals of Computer Tomography Imaging 3
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Figure 3 Helical ring system demonstrating the path of the X-rays from source to detector.

o A CT slice is divided up into a matrix of squares, e.g. 256 x 256, 512 x 512 and
1024 x 1024. The slice thickness determines the volume of these squares; these are called
voxels. Using mathematical calculations, the degree to which a tissue absorbs radiation
within each voxel, the linear attenuation coefficient, y, is calculated and assigned a value
related to the average attenuation of the tissues within it = the CT number or Hounsfield
Unit (HU).

o Each value of p is assigned a grey-scale value on the display monitor and is
presented as a square picture element (pixel) on the image.

o Spiral scanners acquire a volume of information from which an axial slice is
reconstructed, as above, using computer technology. Slices are created from data during
the reconstruction phase.

o Pitch is defined as the distance moved by the table in millimetres, during one complete
rotation of the X-ray tube, divided by the slice thickness in millimetres. In general,
increasing pitch (increase table speed with a fixed slice thickness) reduces radiation dose
to the patient (Fig. 4). This in turn reduces the amount of radiation reaching the detector
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Figure 4 Low pitch vs. high pitch: (a) low-pitch scanning with the table moving less for each tube revolution,
resulting in a sharper image; (b) higher-pitch scanning, resulting in stretching of the helix as the table moves more
for each revolution, leading to a loss of image quality.

for interpretation, with the net result of reduced image resolution. A compromise
usually exists between limiting patients’ radiation dose and diagnostic image quality.

Windowing and Grey-scale

Modern CT scanners are able to differentiate in excess of 2000 CT numbers; however,
the human eye can only differentiate around 30 shades of grey.

To maximise the perception of medically important features, images can be
digitally processed to meet a variety of clinical requirements.

The grey-scale values assigned to process CT numbers on a display monitor can be
adjusted to suit special application requirements.

Contrast can be enhanced by assigning just a narrow interval of CT numbers to the
entire grey-scale on the display monitor; this is called the window technique. The range
of CT numbers displayed on the whole grey-scale is called the window width and the
average value called the window level.

Changes in window width alter contrast, and changes in window level select the
structure of interest to be displayed on the grey-scale, i.e. from black to white.
Narrowing the window compresses the grey-scale to enable better differentiation of tissues
within the chosen window. For example, in assessment of CT of the head, a narrow window
of approximately 80 HU is used, with the centre at 30 HU. CT numbers above 70 (i.e.

30 + 40 HU) will appear white and those below -10 (i.e. 30 - 40 HU) will appear black. This
allows subtle differences in tissue densities to be identified.

Conversely, if the window were widened to 1500 HU, then each detectable shade of grey
would cover 50 HU and soft tissue differentiation would be lost; however, bone/soft
tissue interfaces would be apparent.

In practical terms, the window width and level are preset on the workstation and can be
adjusted by choosing the appropriate setting, i.e. a window setting for brain, posterior
fossa, bone, etc.

Tissue Characteristics and Contrast Medium
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Unlike conventional radiography, CT has relatively good contrast resolution and can
therefore differentiate between tissues which vary only slightly in density (Fig. 5). This is
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Figure 5 Graphical representation showing Hounsfield scale and CT numbers for different types of tissue,
water and air.

extremely valuable when assessing the brain, as grey and white matter vary only slightly
in density.

« Artefacts aside, the densest structure in the head is bone, appearing white on CT. This is
followed by acute haematoma, which is denser than flowing blood, due to clot retraction
and loss of water. Blood is thought to be hyperdense due to the relative density of the
haemoglobin molecule. With time, blood appears isodense and then hypodense,
compared to brain parenchyma, due to clot resorption. Rebleeding and layering of blood
(haematocrit effect due to gravity) can often cause confusion.

 Brain can be differentiated into grey and white matter due to the difference in fatty
myelin content between the two. Typically white matter (higher fatty myelin content:
HU_30) is darker than the adjacent grey matter (HU_40).

» Fat and air have low attenuation values near to HU_0 and can be readily identified.

o Cerebrospinal fluid (CSF) has a similar attenuation value to water, appearing black.

o Pathological processes may become apparent due to oedema within, or adjacent to,
an abnormality. Oedema is less dense than normal brain.

+ Occasionally the use of a contrast medium will reveal an abnormality either due to the
inherent vascular nature of a lesion or due to alteration in the normal blood-brain
barrier.

o Tumours may be very variable in their appearance, but may be hyperdense due to
a high nuclear/cytoplasmic ratio or tumour calcification.

Image Artefacts

o Anartefact is a visual impression in the image of a feature that does not actually exist in
the tissue being imaged. They are important to recognise so as not to be confused with
pathology. Artefacts may occur due to scanner malfunction, patient movement and the
presence of extrinsic objects within the slice being scanned, e.g. a metallic foreign body.

+ Fortunately, many artefacts have now been reduced or eliminated by advances in CT
speed and technology.
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6 Interpretation of Emergency Head CT ‘

Figure 6 (a) Axial image of the brain demonstrating blurred outlines and streak pattern across the brain
parenchyma secondary to movement artefacts. (b) Axial image of the brain demonstrating a star-shaped,
high-density streak across the brain parenchyma secondary to metallic artefacts. (c) Axial image of the brain
demonstrating bands of low attenuation across the pons secondary to beam-hardening artefacts from the
skull base (arrowheads).

Movement Artefacts

o Occur with voluntary and involuntary patient motion.
o Result in streak patterns (Fig. 6a).
o Can be reduced by patient cooperation, quicker scan times and software compensation.

Partial Volume Artefacts

o The CT number reflects the average attenuation within the voxel and thus, if a highly
attenuating structure is present within the voxel, it will raise the average attenuation of
the whole voxel.

« Contamination can occur especially with thicker slices and near bony prominences.
Always review the slices above and below to assess for structures likely to cause partial
volume artefacts.

o Can be reduced by using thinner slices (e.g. posterior fossa) and software compensation.

Metallic Artefacts

« The attenuation coefficient of metal is much greater than any structure within the
body. As a result, radiation is completely attenuated by the object and information
about adjacent structures is lost.

o Produces characteristic star-shaped streak artefacts (Fig. 6b).

« Can be reduced by widening the window; at a cost to parenchymal detail.

« Software manipulation may help.
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Fundamentals of Computer Tomography Imaging 7

Beam Hardening Artefacts

o Results from an increase in the average energy of the X-ray beam as it passes through
a tissue.

o Think of CT as using a spectrum of radiation energy; low-energy radiation is filtered out
by high-density structures such as bone, leaving higher-energy radiation that is less
absorbed by soft tissues, causing low-attenuation streak artefact.

+ Characterised by linear bands of low attenuation connecting two areas of high density,
such as bone, e.g. the posterior fossa in the brain (Fig. 6¢).

+ Can be reduced by using a filter to adjust the spectrum of radiation and by post-
processing software.

Quantum Mottle

o Image reconstruction in CT requires a sufficient number of radiation photons to strike
the detectors.

o The following reduce the number of radiation photons, resulting in a photon poor
imaging technique, which produces a grainy CT image:

Reducing slice thickness to reduce partial volume artefact.
Alteration of CT X-ray technique to reduce the patient’s radiation exposure.
Patient’s body habitus limiting penetration of the photons.

+ Quantum mottle can be reduced by increasing the slice thickness, or increasing the
energy of the photon, which will increase artefact and the patient’s radiation dose,
respectively. A compromise between image quality, presence of artefact and radiation
dose is therefore necessary.
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Important Anatomical
Considerations

Review of Normal Axial Anatomy

Key for cerebral anatomy

- Temporal Lobe

Figure 7

1 = Sphenoid sinus
2 = Medulla oblongata
3 = Cerebellum
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Important Anatomical Considerations 9

- Frontal Lobe - Temporal Lobe

Figure 8

4 = Fourth ventricle
5 = Middle cerebellar peduncle
6 = Sigmoid sinus
7 = Petrous temporal bone and mastoid air cells
8 = Cerebellopontine angle
9 = Pons
10 = Pituitary fossa
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14

12

13

15

- Frontal Lobe

- Temporal Lobe

Figure 9

11 = Cerebellar vermis

12 = Basilar artery

13 = Prepontine cistern

14 = Dorsum sellae

15 = Temporal horn of lateral ventricle
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Important Anatomical Considerations 11

19

18

17

16

- Frontal Lobe - Temporal Lobe

Figure 10

16 = Ambient cistern

17 = Interpeduncular cistern
18 = Cerebral peduncle

19 = Sylvian fissure
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16

20

Frontal Lobe Occipital Lobe

- Temporal Lobe

Figure 11

20 = Supra vermian cistern
21 = Frontal horn of lateral ventricle
21a = Third ventricle
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21

22

23

24

25

26

20

Frontal Lobe Occipital Lobe

Temporal Lobe

Figure 12

22 = Head of caudate nucleus
23 = Insular cortex

24 = External capsule

25 = Lentiform nucleus

26 = Thalamus
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27

21

28

31

Frontal Lobe Occipital Lobe

Temporal Lobe - Parietal Lobe

Figure 13

27 = Interhemispheric fissure

28 = Anterior limb of internal capsule

29 = Genu of internal capsule

30 = Posterior limb of internal capsule

31 = Trigone of lateral ventricle and calcified choroid plexus
32 = Occipital horn of lateral ventricle
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Parietal Lobe

- Frontal Lobe Occipital Lobe

Figure 14

33 = Body of lateral ventricle
34 = Corona radiata
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Frontal Lobe Occipital Lobe

- Parietal Lobe

Figure 15

35 = Centrum semiovale
FB = Frontal bone

PB = Parietal bone

OB = Occipital bone
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- Frontal Lobe - Parietal Lobe

Figure 16

36 = Pre-central gyrus
37 = Central sulcus
38 = Post-central gyrus
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- Frontal Lobe - Parietal Lobe

Figure 17

39 = Superior sagittal sinus
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- Frontal Lobe - Parietal Lobe

Figure 18
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Review of Normal Coronal Anatomy

Interventricular septum

Anterior horn of
lateral ventricle

Head of
caudate nucleus

Anterior limb of
internal capsule

Lentiform nucleus

Figure 19
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Superior sagittal sinus
Interhemispheric fissure

Calcified choroid plexus

Parietal lobe

Tentorium cerebelli

Cerebellum

Figure 20
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Review of Normal Sagittal Anatomy

Superior sagittal sinus

Corpus callosum

Interventricular septum . .
Straight sinus /

tentorium

Occipital lobe

Cerebellum

4th ventricle
Thalamus

Medulla

Figure 21
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Parietal lobe

Occipital lobe

Cerebellum

Sylvian fissure Temporal lobe

Figure 22
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Review of Normal Bony Axial Anatomy

e Frontal sinus Orbital contents
Sphenoid wing

Middle cranial fossa

Squamous temporal
bone

Clivus

External auditory
canal

Mastold air cells

‘Foramen magnum

Figure 23
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Pituitary fossa

Middle cranial fossa

Petrous temporal
bone

Mastoid air cells

Posterior cranial fossa

Figure 24
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Anterior cranial fossa

Sphenoid wing

Internal auditory canal

Figure 25
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Frontal bone

Coronal
suture
Outer table

Inner table

Parietal bone

Lambdoid
suture

Occipital bone

Figure 26
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Review of Normal Bony Coronal Anatomy

Sagittal suture

Parietal bone *

Temporal bone

Mastoid air cells

Figure 27
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Review of Surface-rendered Bony Anatomy

Figure 28
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Figure 29
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Figure 30
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Sagittal suture

Coronal suture

Figure 31
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Sagittal suture

Lambdoid suture

Figure 32
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Sagittal suture Coronal suture

Lambdoid suture

Figure 33
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Review of Vascular Territories

Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

Figure 34
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Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery
- Anterior choroidal artery

Terminal branches of the posterior cerebral artery
Figure 35
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Terminal branches of the anterior cerebral artery
Terminal branches of the middle cerebral artery
Anterior choroidal artery

Terminal branches of the posterior cerebral artery

Penetrating branches of the anterior cerebral artery

Penetrating branches of the posterior cerebral artery and
posterior communicating artery

Figure 36
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Penetrating branches of the middle cerebral artery

Terminal branches of the anterior cerebral artery

Terminal branches of the middle cerebral artery

- Anterior choroidal artery

Terminal branches of the posterior cerebral artery

Penetrating branches of the anterior cerebral artery

Penetrating branches of the posterior cerebral artery and
posterior communicating artery

Figure 37
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Penetrating branches of the middle cerebral artery

Terminal branches of the anterior cerebral artery

Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

posterior communicating artery

Anterior choroidal artery

- Penetrating branches of the posterior cerebral artery and

Figure 38
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Penetrating branches of the middle cerebral artery

Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

Penetrating branches of the posterior cerebral artery and
posterior communicating artery

Figure 39
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Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

Figure 40
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Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

Figure 41
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Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Terminal branches of the posterior cerebral artery

Figure 42
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Terminal branches of the anterior cerebral artery

- Terminal branches of the middle cerebral artery

Figure 43
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Terminal branches of the anterior cerebral artery

Figure 44
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Review of Vascular Anatomy

Figure 45

Key for vascular anatomy

Anterjor cerebral artery

Middle cerebral artery

Internal carotid artery

Right vertebral artery

Cortical branches of the middle cerebral artery
Posterior cerebral artery

Basilar artery

Left vertebral artery
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Reviewing a (T Scan

Suggested Systematic Approach to Interpretation
Check patient information and review scan protocol (e.g. non-contrast/contrast-
enhanced).

o Check the scout image. May reveal a fracture or gross abnormality not obvious on the
axial images. Review alignment of upper cervical vertebrae.

o A quick ‘first pass’ is recommended, noting gross pathology, followed by a more detailed
analysis of the images. Use the mnemonic ‘ABBCS’ to remember important structures.

+ Finally, extend search pattern to include orbits, sinuses, oropharynx, ears, craniocervical
junction, face, vault and scalp.

ABBCS

‘A’ - Asymmetry: assess all slices, comparing one side to the other, remembering to
account for head tilt and to account for various forms of artefact.

o ‘B’ - Blood: acute haemorrhage appears hyperdense in relation to brain, due to clot
retraction and water loss. Haemorrhage typically has a CT number in the range of
HU_50-100.

Assess for both blood overlying the cerebral hemispheres and within the brain
parenchyma.

Assess the ventricles and CSF spaces for the presence or layering of blood.
Review the sulci and fissures for subtle evidence of SAH.

Remember slow-flowing blood within a vessel can mimic clot.

Conversely, clot within a vessel is an important diagnosis:

Venous sinus thrombosis.
Dense MCA sign in acute CVA.
e ‘B’ - Brain
Density

Hyperdensity: acute blood (free and within vessels), tumour, bone, contrast and
artefact/foreign body.
Hypodensity: oedema/infarction, air and tumour.

Displacement

Look for midline shift.
Examine midline structures such as the falx cerebri, pituitary and pineal glands.
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48 Interpretation of Emergency Head CT

Look for asymmetry of CSF spaces such as effacement of an anterior horn of the
lateral ventricles or loss of sulcal pattern suggesting oedema.

Differentiation of grey/white matter

Normal grey/white matter differentiation should be readily apparent; white
matter is of slightly reduced attenuation in comparison to grey matter due to
increased fatty myelin content.

In an early infarction, oedema leads to loss of the normal grey/white matter
differentiation. This can be subtle and again only apparent when comparing both
sides; identify normal structures such as internal capsule, thalamus, lentiform
and caudate nuclei.

e ‘C’ - CSF spaces

Assess the sizes of the ventricles and sulci, in proportion to each other and assess the
brain parenchyma.

Identify normal cisterns (quadrigeminal plate, suprasellar and the mid brain region)
and fissures (interhemispheric and Sylvian).

The ventricles often hold the key to analysing the image:

Pathology may be primary, within a ventricle, or may result from secondary
compression from adjacent brain pathology.

If a ventricle is enlarged, consider whether it is due to an obstructive/non-
communicating or non-obstructive cause. The former depends on site and the
latter usually involves pathology in the subarachnoid space.

Ex-vacuo dilatation is caused by loss/atrophy of brain tissue, often resulting in
abnormal secondary enlargement of the adjacent ventricle. Small ventricles can
be normal in children (increase in size with age).

Diffuse brain swelling can result in ventricular compression and reduced
conspicuity of the normal sulcal/gyral pattern. Causes include metabolic/anoxic
injury, infection, trauma and superior sagittal sinus thrombosis.

e ‘S’ - Skull and scalp

Assess the scalp for soft tissue injury.

Can be useful in patients where the full history is absent.

Can help to localise coup and contracoup injuries.

Carefully assess the bony vault underlying a soft tissue injury for evidence of

a fracture.

Assess the bony vault for shape, symmetry and mineralisation (focal sclerotic or lytic
lesions).

Remember to adjust windowing to optimise bony detail.
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Acute Stroke

Characteristics

Stroke is the third most common cause of death in the UK. Every year 110,000
people have a stroke in England alone, and stroke is the leading cause of adult
disability, with > 300,000 people in England living with moderate to severe disability
as a result of stroke.

Strokes are broadly divided into ischaemic or haemorrhagic. Ischaemic stroke refers to
those caused by thrombosis or emboli, and are more common than haemorrhagic
stroke.

Haemorrhagic stroke accounts for 15% of all strokes, usually caused by hypertensive
damage to small intracerebral arteries, causing rupture and leakage of blood directly into
the parenchyma. This causes surrounding oedema and mass effect, further
compromising the adjacent blood supply.

Transient ischaemic attack (TTA) is defined as a transient episode of neurological
dysfunction caused by focal brain, spinal cord, or retinal ischaemia, without acute
infarction.

Many patients who have a TTIA will go on to have a stroke. The risk is highest in
those patients with carotid artery stenosis or atrial fibrillation. The ABCD? score
(Appendix 1) is widely used in clinical practice to risk-stratify patients for further
investigation and treatment.

The incidence of stroke increases with age, although one-quarter occur in the under 65s.
Risk factors include hypertension, smoking, diabetes, heart disease (coronary artery
disease, cardiomyopathy, chronic atrial fibrillation), hyperlipidaemia, atherosclerosis,
the oral contraceptive pill and obesity. Underlying brain pathology (e.g. tumour),
bleeding diatheses, anticoagulation treatment and thrombolysis therapy are additional
risk factors specific to haemorrhagic strokes. Cocaine use is a risk factor for both
ischaemic and haemorrhagic strokes.

Clinical Features

Haemorrhagic and ischaemic strokes are difficult to distinguish clinically, and the only
reliable way to differentiate is with brain imaging. The spectrum of presentation can
range from mild symptoms and signs in a well patient, to a moribund comatosed patient.
Patients with haemorrhagic strokes tend to be more unwell, with abrupt symptom onset
and rapid deterioration. Common symptoms include headache, decreased conscious
level, seizures, nausea and vomiting. Hypertension is characteristic.
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