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Introduction

The publication of proceedings of conferences has often been so delayed
that they are useless both to active workers in the field and for cur-
rently appropriate teaching. Rapid publication on the other hand may
impose very difficult conditions upon authors and demand unwelcome
sacrifices. We wish to thank the many speakers at ESCAT for their co-
operation in providing manuscripts and to apologise to those unable

for reasons beyond their control to fall in with the rigorous editorial
policy. To get this book out at the earliest possible moment we have
also cut the normal consultation between editors and authors to a
minimum. One decision made in the interests of uniformity was to re-
place the various terms used by different writers by one, C.A.T.,
consistent with the title of the Seminar of which the book is a record.

The organisers of ESCAT decided upon a largely didactic meeting with

as little overlap as was practicable between contributions and a de-
termined attempt to view computerised axial tomography in the light

of its clinical usefulness. As consequence, the purpose of this book

is to provide a comprehensive introduction to the whole field for clin-
icians as well as radiologists.

The editors wish to acknowledge the very efficient help and encourage-
ment of the publishers and the hard secretarial work of Miss G. JOHNS,
as well as the editorial assistance of Dr. DEREK KINGSLEY.

London, Spring 1977 G.H. DU BOULAY - I.F. MOSELEY



Foreword

It is a pleasure to write the Foreword to the Proceedings of the Euro-
pean Seminar on computerised axial tomography held recently in London.

It seems incredible that it is still less than 5 years since Dr. GODFREY
HOUNSFIELD described to the world his revolutionary radiological tech-
nigue whereby the very first patient ever examined by his machine was
shown to have a brain tumour. Until his discovery X-ray photography

had not advanced fundamentally since RUNTGEN X-rayed his wife's hand

in his laboratory at Wirzburg in 1895.

The result of HOUNSFIELD'S discovery has been to transform investigative
medicine (especially of the nervous system), and his method is already
being used in all the continents of the world.

It may be asked why London (the home of the discovery) has held back

in staging a conference while other places have not shown this hesita-
tion. The answer is that the local organisers felt that enough time
should elapse to allow judgement of some maturity to be made of the
value of both the brain and the body scanner. HOUNSFIELD'S first machine
was designed for the brain and it is only recently that the rest of the
body has been investigated satisfactorily by his technique. For this
reason the Seminar was planned so that about two thirds of the week was
devoted to the brain and orbits and one third to the body.

The papers which follow are mostly from Europe and a few from America.
The contributors are to be congratulated on the high quality of their

texts. It can be confidently stated that the contents provide the most
up-to-date information available anywhere on this new discipline.

Lastly, great credit is due to the Editors, Professor DU BOULAY and
Dr. MOSELEY, who not only played a very large part in the planning of
the Seminar but also, with the aid of the publishers, expedited the
publication with a rapidity seldom seen.

J.W.D. BULL
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C.A.T. of the Head



Anatomy

Computerised Axial Tomography and the Normal Brain
P. A. Roberts*, L. E. Claveria, and 1. F. Moseley

Computerised axial tomography provides a means of examining the intra-
cranial contents expressed as a series of 'slices' through the skull
taken in a transaxial plane. The plane of slices may be varied from
case to case, depending upon the suspected location of the lesion.
Commonly employed angles of the slice are parallel to Reid's base line
(R.B.L.), 10° to R.B.L., and 25° to R.B.L. (1). The appearance of the
brain prepared in this manner presents a view not normally depicted

in most atlases of neurocanatomy. Several authors (1, 2, 3) have pub-
lished works which include a series of brain slices taken in a partic-
ular plane, but comparison of normal anatomy between various different
planes of section seems to be lacking.

A series of three brains was prepared in order to make this comparison.
7 mm slices were taken of the fixed brains, one brain being sliced
parallel to R.B.L., one at 10° to this plane, and another at 25°. The
relative angulation of the slices is shown in Figure 1, projected over
the lateral and midline aspects of the brain.

These brain slices were matched with normal tomograms, prepared at
similar angles with respect to R.B.L.

Representative views appear in Figures 2, 3 and 4 of the 25° angle.
The 10° angle is illustrated in Figures 5, 6 and 7. Planes parallel
to R.B.L. are shown in Figures 8, 9 and 10.

In comparing the lowest levels of brain slices, which pass through th
posterior fossa, the difference between the appearance of such slices
from one angulation to another is apparent. The slice taken at 25° to
R.B.L. (Fig. 2A) includes the hemispheres of the cerebellum at the
point of their greatest width. The fourth ventriclte is well seen,

also at its widest extent. The inferior cerebellar vermis and part

of the cisterna magna can be identified. The section passes through

the pons at the level .of attachment of the trigeminal nerves. The supra-
tentorial regions seen at this level include the inferior surface of
the temporal lobes, just above the floor of the middle cranial fossa,
but not high enough to include the temporal horns of the lateral ven-
tricles. Anteriorly, the lower portions of the frontal lobes are evi-
dent, showing the medially placed rectus gyri and a portion of the
slightly higher, laterally located orbital gyri, overlying the upwardly
convex roof of the orbit. The accompanying C.A.T. scan shows these
features, and, in addition, the high densities due to the presence of
part of the orbital roofs, the sphenoid wings separating the frontal
lobes from the temporal lobes, and also the petrous bones demarcating
the anterior limits of the posterior fossa and the posterior limits

of the middle cranial fossa containing the temporal lobes.

The lowermost slice in the series which parallels R.B.L. (Fig. 8A)
presents a somewhat different appearance. The cerebellum and fourth

*University of Oklahoma, Health Science Center, Oklahoma City, OK/USA
and National Hospital for Nervous Diseases, Queen Square, London W.C.I.



ventricle are transected in their more anterior regions (note the con-
figuration of the fourth ventricle compared with the 25° slice). The
pons is cut at less of an oblique angle, the cisterna magna is only
seen at its upper extent and the section passes through the superior
vermis. The supratentorial structures are not represented at this level.
The C.A.T. scan of this region is seen to include the inferior part

of the orbits, and thus passes below the frontal lobes; it also just
grazes the floor of the middle fossa and traverses the sphenoid air
sinuses on the midline.

The brain slice angled at 10° to R.B.L. (parallel to the orbitomeatal
line, Fig. 5A), shows the fourth ventricle just anterior to its widest
point. Only the most inferior portions of the frontal lobes are pre-
sent, namely the rectus gyri, adjacent to the midline. The slice passes
just above the floor of the middle cranial fossa and thus includes the
lowest parts of the temporal lobes. These features may be identified

on the lowermost C.A.T. scan at this angulation.

At the next highest level the slice which parallels R.B.L. (Fig. 8B),
includes the inferior part of the temporal lobes, but still does not
traverse the frontal lobes. The fourth ventricle is shown at its most
anterior end, where it is continuous with the posterior portion of the
aqueduct. The comparable C.A.T. scan, in addition to these structures,
also passes through the midportion of the orbits. Note also the density
in the midline near the medial limits of the sphenoid wings. This prob-
ably represents the bone density of the dorsum sellae.

The next level of the series, taken at 25° to R.B.L. (Fig. 2B), still
displays an excellent view of the posterior fossa structures. The fourth
ventricle is still apparent just anterior to its widest point. The
cisterna magna is still well shown. Almost the full width of the cere-
bellar hemispheres are present (note the dentate nuclei are still seen
in the deep white matter of the hemispheres).

Supratentorially, the slice is high enough to pass through the superior,
middle: and inferior frontal gyri. The temporal regions now include the
temporal horn of the lateral ventricle, parts of the superior and mid-
dle temporal gyri, the medially placed parahippocampal gyri and the
uncus. On the midline, the slice passes through the region of the su-
perior portion of the optic chiasm, and also the infundibular recess

of the third ventricle, just posterior to the chiasm. The most anterior
part of the Sylvian fissure between the frontal lobe and the temporal
lobe may also be seen at this level.

The brain slice taken at 10° to R.B.L. (Fig. 5B) differs from the 25°
angle mainly in that the fourth ventricle configuration is different
due to the slice passing through the anterior, and smaller, portion
of the ventricle. The frontal lobes include parts of the orbital gyri,
and the inferior part of the optic chiasm appears in the midline.

The temporal lobes display the anterior tips of the temporal horns of
the lateral ventricles.

C.A.T. scans of both the 25° and 10° angles indicate the diminished
density of the chiasmatic cisterns on the midline, bounded by the brain-
stem posteriorly, the uncus laterally, and the posterior portion of

the frontal lobes, anteriorly.

The next higher level of brain slices in both the 25° (Fig. 3A) and

10° (Fig. 6A) to R.B.L. series have numerous features in common. Both
slices are high enough to include the frontal horns of the lateral
ventricles, the head of the caudate nucleus (forming the lateral bound-



ary of the frontal horns), and the genu of the corpus callosum. The
medial border of the frontal horns in the 25° slice is represented by
the septum pellucidum. In the 10° angle slice, the section passes below
the septum pellucidum, and, in this instance, the medial border of the
frontal horn is formed by the subcallosal gyrus. Both angles of slice
show the third ventricle in the midline, as well as the anterior por-
tion of the agueduct as it traverses the midbrain. The internal capsule
is well seen, with the lenticular nucleus, comprising the putamen and
globus pallidus, located just lateral to the limbs of the capsule,

and the thalamus seen medial to the posterior limb. External capsule,
claustrum, extreme capsule and insula cortex are seen on both brain
slices, lateral to the lenticular nucleus. The superior colliculus
appears on both slices, as do the quadrigeminal cisterns and wings of
the ambient cisterns.

The 259 angle slice includes more of the anterior portion of the cere-
bellum than does the 10° angle cut, which barely grazes the superior
vermis. The columns of the fornix are seen near the midline in the
steeper angle slice, at the posterior limits of the septum pellucidum,
indicating the presence of the foramina of Monroe. In the 10° slice,
the cut passes through the anterior commissure on the midline, below
the foramen of Monro. Some of these features may be seen on the cor-
responding C.A.T. scans; particularly the frontal horns, the quadri-
geminal cisterns, Sylvian fissures, and the posterior limb of the in-
ternal capsule.

The brain slice in the R.B.L. series (Fig. 9A) does not pass through
either the third ventricle or the frontal horns of the lateral ven-
tricles. The frontal lobes are represented primarily by the rectus
gyri. The optic chiasm appears on this slice, and a small portion of
the most superior cerebellum. The C.A.T. scan of this level passes
through the superior parts of the orbits and the posterior portion of
the optic foramina.

Higher slices in all three series (Figs. 3B, 6B and 9B) pass through
the region of the pineal organ, seen in all brain slices in the mid-
line, adjacent to the posterior portions of the thalamus. The series
paralleling R.B.L. (Fig. 9B) shows the splenium of the corpus callosum,
the parieto-occipital fissure and the visual cortex on the medial side
of the occipital lobes posterior to this fissure. The trigone region
of the lateral ventricles is also seen, containing the glomus of the
choroid plexus. C.A.T. scans at these levels display the densities of
the pineal, and choroid plexus and also the reduced density of the
retropulvinar cisterns. (Note that the C.A.T. scan of the 10° series
does not correspond exactly to the brain slice and does not show the
pineal.)

The higher brain slices pass just below the bodies of the lateral ven-
tricles, grazing the superior aspect of the thalamus, but still tra-
versing the frontal horns and the superior part of the trigone, in

the 25° (Fig. 4A) and 10° (Fig. 7A) series of slices. In the R.B.L.
series (Fig. 10A), the slice still traverses a large part of the len-
ticular nuclei and the main body of the thalamus. The C.A.T. scan at
the 25° angle shows the reduced density of the body of the lateral ven-
tricles. The 10° angle scan shows the pineal density (shining through
the overlying splenium of the corpus callosum). The thalamic masses
and the internal capsule are seen in the C.A.T. scan of the R.B.L.
series.

In the highest cuts illustrated (Figs. 4B, 7B and 10B), all slices
except the 10° angle series pass above the bodies of the lateral ven-
tricles. The 10° slice just grazes the body of the ventricles. In the



250 angle slice the central sulcus is located quite anteriorly, con-
sequently more of the parietal lobe is seen than in the other two angles
of slice.

The angle at which the C.A.T. scan is taken with respect to R.B.L.
does significantly alter the appearance of the intracranial anatomy
encountered.

Steeper angles (25° or even greater) offer more views of the posterior
fossa and also illustrate the lower portions of this region. However,
the upper parts of the parietal and occipital lobes may possibly be
better visualized at less angulation. In any event, the differing ap-
pearance due to angulation of the scans should be considered in inter-
pretation of these studies.
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Fig. 1. Planes of Section projected on midline and lateral views of the brain. A and
B 25° to R.B.L. C and D 10° to R.B.L. E and F parallel to R.B.L.



Fig. 2. Brain slices and C.A.T. scans at 25° to R.B.L.; C.P.-cerebral peduncle;
CER. cerebellar hemisphere; D-dentate nucleus; T.L.-temporal lobe; T.H.- temporal
horn of lateral ventricle



Fig. 3. Brain slices and C.A.T. scans at 25° to R.B.L. C.N.-caudate nucleus; F.H.-
frontal horn of lateral ventricle; L.N.-lenticular nucleus; P.-pineal; TH.-thalamus;
S.F.-Sylvian fissure



Fig. 4. Brain slices and C.A.T. scans at 25° to R.B.L. C.C.- corpus callosum; C.S.~
central sulcus; F.-fornix; S.F.-Sylvian fissure



Fig. 5. Brain slices and C.A.T. scans at 10° to R.B.L. B.-basilar artery; G.R.- gyrus
rectus; I.V.-inferior cerebellar vermis; S.V.-superior cerebellar vermis



Fig. 6. Brain slices and C.A.T. scans at 10° to R.B.L. F.L.- frontal lobe; I.C.-in-
ternal capsule; 0.C.-occipital lobe; T.-trigone of lateral ventricle; T.L.- temporal
lobe; T.V.-third ventricle; S.F.-Sylvian fissure



Fig. 7. Brain slices and C.A.T. scans at 10° to R.B.L. C.P.- choroid plexus; M.F.-
middle frontal gyrus; C.S.- central sulcus; I.F.-inferior frontal gyrus; P.O.-parieto-
occipital fissure; S.F.-Sylvian fissure



Fig. 8. Brain slices and C.A.T. scans parallel to R.B.L. F.V. fourth ventricle;
T.L.~ temporal lobe; T.N.- trigeminal nerve



Fig. 9. Brain slices and C.A.T. scans parallel to R.B.L. A.- agueduct; F.-columns
of fornix; P.~pulvinar of thalamus; S.T.-superior temporal gyrus; U.-uncus



Fig. 10. Brain slices and C.A.T. scans parallel to R.B.L. C.S.-central sulcus;
P.C.G.- postcentral gyrus; P.O.-parieto-occipital fissure; PRE-precentral gyrus



C.A.T. Scanning: Correlations with Vascular and Topographical
Anatomy
G. Salamon, G. Lecaque, K. Hall, and J. M. Corbaz*

For this paper an attempt was made to assess the following questions:

1. How is the arterial anatomy of the brain orientated in the horizontal
plane, as used for C.A.T. scanning? Is this vascular pattern shown on
the C.A.T. scan after contrast medium administration, and is this de-
monstration of any practical use?

2. How accurately can the cortical structures of the brain (lobes,
lobules and gyri) be localised on the C.A.T. scan?

What is the effect of flexion and extension of the head, from the or-
bitomeatal plane, on this topographical localisation?

3. Which is the more accurate, cerebral angiography or C.A.T. scanning,
for the topographical localisation of the cerebral cortex and the deeper
structures of the brain?

Brain sections, cut in the same horizontal planes used for C.A.T.

scanning, were used to answer these questions, and these were compared
with normal C.A.T. scans.

Vascular Anatomy of the Brain as Seen on the C.A.T. Scan

A brain, in which all the major arteries had been injected with a radio-
paque medium, was cut in horizontal sections, 10 mm thick, in a plane

parallel to the orbitomeatal (0.M.) line. Radiographs of these sections
were then studied.

The cortical branches of the three main cerebral arteries, anterior,
middle and posterior cerebral arteries, supply the grey matter of the
medial, lateral and posterior aspects of the cerebrum respectively.

The central white matter is relatively avascular. The deep basal nuclei,
being grey matter as well, have a prominent arterial supply; the len-
ticulostriate arteries and the recurrent artery of Heubner (from the
middle and anterior cerebral arteries respectively) supply the caudate
and lentiform nuclei; the thalamoperforate and thalamogeniculate arte-
ries (from the posterior communicating and posterior cerebral arteries)
supply the thalamus.

The cerebellum and brainstem have a prominent arterial supply as well.
The arrangement of the arteries in the cerebellum is characteristically
in parallel lines, at about 45° to the midline of the brain.

The C.A.T. scan, after contrast administration, may show enhancement
of the cortex and deep basal nuclei, so that they are more easily de-

* Neuroradiology Department, INSERM, Marseille/France
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lineated. The circle of Willis is often well seen, as it outlines the
surasellar cistern, especially when the contrast medium is slowly in-
fused during the scanning procedure. Sometimes the cerebellum shows a
streakiness, produced by the parallel arteries in its substance.

From a thorough knowledge of the cerebral anatomy in the horizontal
plane, the distribution of the major cerebral arteries can be appre-
ciated, and from this the sites of vascular pathology may be localised.
When the circle of Willis is visualised, it may show displacements by
adjacent masses, and aneurysms are sometimes identified.

Topographical Anatomy of the Cerebral Cortex

Three normal brains were taken, and on each the major gyri and lobules
were marked with different coloured inks, so that they could be re-
cognised when the brains were sectioned. The sections were 10 mm thick
and in one brain the sections were parallel to the O.M. line; in the
other two brains, the sections were produced as if the head were either
flexed or extended 25° to the O.M. line.

When the sections were parallel to the O.M. line (Fig. 1):
1. Frontal and occipital lobes are of approximately equal size.

2. Junction between frontal and parietal lobes (the central fissure,
with the motor cortex in front and the sensory cortex behind) is fair-
ly anteriorly placed, but becomes more posterior on the upper sections.

3. Junction between temporal and parietal lobes is about at the 3A/3B
level.

4. Junction between parietal/temporal lobes and occipital lobe is very
indistinct.

When the sections were as if the head was flexed 25° to the O0.M. line
(Fig. 2):

1. Frontal lobes are prominent in lower sections, becoming smaller
(and even absent) in the upper ones.

2. Occipital lobes are the reverse - small at first, but more prominent
later; again junction with parietal and temporal lobes is very indis-
tinct.

3. Junction between frontal and parietal lobes (the central fissure)
is anteriorly placed, but becomes more anteriorly placed, as the frontal
lobes get smaller in the upper sections.

4, Junction between temporal and parietal lobes is about at the 3B
level.

When the sections were as if the head was extended 25° to the O0.M. line
(Fig. 3):

1. Frontal lobes are absent or small in the lower sections, becoming
prominent later.

2. Occipital lobes are the reverse; their anterior boundaries are again
indistinct.
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3. Junction between frontal and parietal lobes (the central fissure)
is fairly posteriorly placed, becoming more posterior in the upper
sections.

4. Junction between temporal and parietal lobes is about at the 2B
level, a little lower than before.

Precise delineation of the lobes of the cerebrum is difficult in the
C.A.T. scan, and changes in position of the head do not help. Some
rough guides are:

1. Frontal lobe-temporal lobe junction: pterion (bone landmark) on the
lower sections, Sylvian fissure on the higher ones.

2. Temporal/parietal lobe-occipital lobe junction: usually impossible
(depends on level of section and position of head).

3. Frontal lobe-parietal lobe junction: again very difficult, being
very dependant on the flexion or extension of the head as described;
in sections parallel to the O0.M. line, the frontal lobe is about the
anterior third of the brain, but is more like the anterior half in the
upper sections.

4. Temporal lobe-parietal lobe junction: very difficult: roughly 3A
cut (range 2B-3B), but little effect from angulation of head.

Separate gyri and lobules cannot be identified. On the other hand, by
using the appropriate landmarks, the deep nuclei can usually be well
defined - head of caudate nucleus, lentiform nucleus and thalamus -
as well as internal capsule.

Comparison between Cerebral Angiography for Defining the Topographical
Anatomy of the Brain

As already demonstrated, the lobes af the brain are hard to define,
let alone the gyri and lobules. This applies to all three surfaces of
the brain - medial, lateral and inferior.

On the other hand, many of the sulci on these three surfaces (and hence
the adjacent gyri) can be identified by careful analysis of the cere-
bral angiogram:

Medial surface - the anterior cerebral artery branches can show the
pericallosal cistern, the cingulate sulcus and the boundaries of the
paracentral lobule.

Lateral surface (convexity) - the middle cerebral artery branches can
show the superior and inferior frontal and the superior and middle
temporal sulci; also the central fissure can be shown, as well as the
precentral and postcentral sulci, the outlines of the angular gyrus
and the Sylvian fissure.

Inferior surface (posterior part) - the posterior cerebral artery
branches can show the collateral and inferior temporal sulci; these
can often be seen on the AP vertebral angiogram.

The deep structures of the cerebral hemisphere are, however, not well
demonstrated on a cerebral angiogram (carotid or vertebral) in the
same three~-dimensional manner in which they can be demonstrated on the
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C.A.T. scan. The lenticulostriate arteries are well shown on the a-p
or Towne's view at carotid angiography, but not on the lateral view
(being overlapped by the middle cerebral artery branches). The thalamo-
perforate and thalamogeniculate arteries are usually well shown on a
lateral vertebral angiogram, but not on an a-p or Towne's view.

Conclusions

1. The vascular anatomy of the brain can be appreciated on the C.A.T.
scan, and may even be demonstrable, to some extent, after contrast
administration.

2. The cerebral cortical structures are not well shown on the C.A.T.
scan, and it is usually even difficult to accurately identify the lobes;
cerebral angiography is better in this respect.

3. The deep structures of the cerebral hemisphere are well shown on

the C.A.T. scan, but are not so well shown by cerebral angiography.
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Fig. 1. Projection of the cerebral cortex
on cuts done in a plane parallel to orbito-
matal line (Abbreviations see next page)
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Flex 3A Flex 3B

FA

PI
P

&

Flex 4B

Fig. 2. Projection of the cerebral cortex
on cuts done in flexion (25°). For key to
figure, see Figure 1

F] - Superior frontal gyrus, Fp - Middle frontal gyrus, F3 - Inferior frontal gyrus,
FA - Precentral gyrus (motor cortex), PA - Postcentral gyrus (sensory cortex), P, -
Superior parietal lobule, P, - Inferior parietal lobule, O; - Superior occipital
gyrus, Op - Middle occipital gyrus, O3 - Inferior occipital gyrus, O, - Fusiform
gyrus, Og - Lingual gyrus, Og - Cuneus, T;- - Superior temporal gyrus, Tp - Middle tem-
poral gyrus, T3 - Inferior temporal gyrus, GC - Cingulate gyrus
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Ext 3A Ext 3B

Ext 4A Ext 4B

Fig. 3. Projection of the cerebral cortex
on cuts done in extension (25°). For key
A to figure, see Figure 1



C.A.T. Investigation of the Subarachnoid Space
A. Grepe and T. Greitz*

The attenuation of the normal C.S.F. is lower than that of the brain,
about 5 Hounsfield units as compared to 15 and 18 for the white and
grey matter respectively. This fact makes possible visualization of

the ventricular system, the subarachnoid cisterns and the cerebral
sulci. However, these latter spaces are usually very narrow in normal
patients and therefore few of them are seen. As we have been able to
demonstrate earlier, the C.S.F. spaces may be enhanced following lumbar
injection of metrizamide (1, 5, 3). The introduction of a finer matrix
and an improved algorithm has allowed a more detailed study of the
anatomy of the subarachnoid space.

Material and Methods

This report is mainly based on experiences of computed cisternography

in 10 patients who were examined following lumbar myelography using

the first version EMI head scanner and the new matrix. As these patients
were examined following lumbar myelography, our approach has been some-
what different from that used for computed cisternography (3, 5), mainly
because the patients were kept in a slightly upright position following
myelography as opposed to patients with suspected hydrocephalus, in
whom the contrast medium was purposely brought up to the cervicodorsal
junction. However, the position of the patient, the amount and concen-
tration of the contrast medium used and its mode of application seem

to be less critical. One to two grams of Amipaque is usually sufficient.
Scanning was usually carried out before and 3, 6, 12 and 24 h after

the injection. Normally, contrast medium appears in the basal cisterns
after 3 h and reaches the sulci over the cerebral hemispheres after

12 h (for details see Hydrocephalus, atrophy and their differential diagnosis

by HINDMARSH and GREITZ in this issue). The appearances of the cisterns
in computed tomograms were compared with those obtained at postmortem
cisternography (2), using the same orientation of the cuts as those
employed at C.A.T.

Results

The cisterns and cerebral sulci are usually very narrow in the normal
patient and therefore few of them are visualized on a plain C.A.T.
scan. The only cistern which always appears on a C.A.T. examination

is the quadrigeminal cistern. The cistern of the velum interpositum

is also frequently seen. The suprasellar cisterns are less constant.
Their visualization depends on the level of the cut. If the structures
of the sella are included in a basal cut, the limits of chiasmatic

*Department of Neuroradiology, Karolinska Sjukhuset, S-10401 Stock-
holm/Sweden
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and interpeduncular cisterns are not seen, due to the preponderance of
bone, and a cut at a superior level may then pass above the suprasellar
cisterns. The pontine and cerebellopontine cisterns may often be dif-
ficult to identify with certainty due to frequent occurrence of streak-
like artefacts in this area. The narrow cerebral sulci are barely vis-
ible in a normal case.

Following enhancement of the subarachnoid space using metrizamide
(Amipague), one is usually able to demonstrate, in addition to the
cisterns mentioned, the cisterna magna, the lateral extension of the
suprasellar cisterns, the Sylvian and interhemispheric fissures, the
sulci of the cerebral and cerebellar hemispheres, the ambient cistern
and the subarachnoid space over the cerebellum.

In fact, computer assisted cisternography allows rather detailed anal-
ysis of the anatomy of the subarachnoid space. As can be demonstrated
in serial cuts starting from the level of the foramen magnum (Figs.
1-6), a cut at this level does not demonstrate the spinal cord in a
plain C.A.T. scan. However, following enhancement of the CSF using
metrizamide, the shape and the position of the cord may be studied
(Fig. 1). A cut at a slightly higher level (Fig. 2) occasionally de-
monstrates the medial aspects of the tonsils and the inferior part of
the fourth ventricle as well as the cisterna magna. However, these
structures are more clearly and more frequently visualized at C.A.
cisternography, which may demonstrate these structures and in addition
more minute details such as the lateral recesses of the fourth ven-
tricle. The restiform bodies, which form the floor of the fourth ven-
tricle, may also be seen, and are best shown in cuts perpendicular to
the clivus (Fig. 3). In the more customary cuts taken parallel to the
floor of the anterior fossa, the cerebellopontine cisterns are usually
seen at the same level as the fourth ventricle. These cisterns are out-
lined by the lateral aspects of the pons and are limited posteriorly
by the cerebellar hemispheres. Like the pontine cistern, they are also
seen at the level of the superior part of the fourth ventricle (Fig.
4). A cut at this level demonstrates the infratentorial part of the
ambient cistern limited anteriorly and medially by the cerebellar pe-
duncles and laterally and posteriorly by the cerebellar hemisphere.
The orientation of this cistern is familiar to those acquainted with
the course of the brachial vein.

The suprasellar cistern is referred to by HILAL (4) and is now clas-
sically known as the pentagon-shaped cistern (Figs. 5 and 6). It is
limited posteriorly by the belly of the pons and the cerebral peduncles,
laterally by the uncus of the temporal lobe and anteriorly by the
posterior aspect of the straight gyrus of the frontal lobe. In a plain
C.A. tomogram small filling defects suggestive of the chiasm and the
optical tracts may occasionally be seen. However, using C.A. cisterno-
graphy these tiny structures are indisputably demonstrated. In addition
to the basilar artery C.A. cisternography demonstrates the pituitary
stalk, the optic tracts, the optic nerves and the trigeminal nerves
(Fig. 5).

As mentioned, the quadrigeminal cistern is a constant observation in
a plain C.A. tomogram through the inferior part of the frontal horns
and the superior part of the third ventricle. The posterior aspects
of the ambient cisterns are also usually seen in the same cut. The
anterior part of the ambient cistern and the cerebral peduncles are
less constant. They usually have a quite symmetrical appearance.

In the normal case, only the most anterior extension of the sylvian
fissure is seen without contrast enhancement. It appears as a triangular
area with a narrow, anteriorly directed base close to the vault just



26

above the pterion. This level is identified by the inward bulging of
the bone at this level. Only small streaks of the more superiorly and
posteriorly located parts of the sylvian fissures are seen without
contrast enhancement, unless these parts of the fissure are dilated.
There should be no difficulty in distinguishing the sylvian fissures
from the temporal horns (7) as the temporal horns are remote from the
anterior wall of the middle fossa and have a fairly close relationship
to the uncus and the brain stem.

C.A. cisternography demonstrates the full extent of the sylvian fis-
sure. Its floor, formed by the insula, is clearly demonstrated.

The quadrigeminal cistern is superiorly and anteriorly continuous with
the cistern of the velum interpositum. This latter cistern may be seen
in a plain C.A. tomogram as a triangle with a pointed corner directed
anteriorly in the midline. The pineal body may be included in a cut
passing through the posterior aspect of this cistern. At C.A. cisterno-
graphy the third ventricle may be seen protruding as a defect into this
cistern, which posteriorly is continuous with the subarachnoid space
over the vermis (Fig. 6).

Discussion

In the case of isodense lesions, evaluation of deformities and dis-
placements of the C.S.F.-containing spaces may be of decisive importance
for diagnosis. This applies not only to the ventricular system but

also to the cisterns and sulci. Accordingly, it has been pointed out
that displacement of the ventricular system may be the only sign of

an isodense subdural hematoma. A compression of the suprasellar cisterns
from behind may be the only significant change in an isodense pontine
glioma (4). Such changes of the cisterns may be observed without the

use of contrast medium. Deformities and filling defects seen in the
suprasellar cisterns may give a clear indication of a suprasellar tumour.
In fact, most of the classical changes observed at pneumoencephalography
in posterior fossa tumours may be recognized on a plain C.A. tomogram.
In the case of an acoustic neuroma we have been able to observe not

only displacement of the fourth ventricle but also a dilatation of the
medial portion of the ipsilateral cerebellopontine cistern, a filling
defect in its lateral part and compression of the contralateral cere-
bellopontine cistern, i.e. all the changes typical of an acoustic
neuroma as seen at pneumoencephalography. As pointed out earlier, (3)
C.A. cisternography affords a means of demonstrating extracerebral le-
sions in the posterior fossa as well as in the sellar area.

In patients with subarachnoid haemorrhage an excellent visualization

of the cisterns is sometimes obtained due to the high attenuation of

the patient's blood which fills the subarachnoid spaces. The demon-
stration of displaced cisterns and sulci in these cases may sometimes
contribute to a more accurate localization of concomitant infarcts and
haematomas. Sometimes the only observation in the case of a subarachnoid
bleed is the fact that the cisterns have become isodense and therefore
not visible.

As most of the cerebral sulci and gyri are not seen in normal cases,
C.A. cisternography affords new means of accurate mapping of these
anatomical structures. This provides new possibilities, in addition

to cerebral angiography, to make more accurate anatomico-physiological
correlative studies.



27
References

1. GREITZ, T., HINDMARSH, T.: Computer assisted tomography of intra-
cranial CSF circulation using a water-soluble contrast medium. Acta
Radiol. (Diagnosis) 15, 497-507 (1974).

2. GREPE, A.: Anatomy of the cranial nerves in the basal cisterns. A
radiologic post-mortem investigation. Acta Radiol. (Diagnosis) 16,
17-38 (1975). )

3. GREPE, A., GREITZ, T., NOREN, G.: Computer cisternography of extra-
cerebral tumours using lumbar injection of water-soluble contrast
medium. Acta Radiol. Suppl. 346, 51-62 (1975).

4. HILAL, S.: Discussion of paper on C.T. in posterior fossa lesions,
International Symposium and Course on Computerized Tomography, San
Juan, Puerto Rico, 1976.

5. HINDMARSH, T., GREITZ, T.: Computer cisternography in the diagnosis
of communicating hydrocephalus. Acta Radiologica Suppl. 346, 91-97

- (1975).

6. HINDMARSH, T., GREITZ, T.: Hydrocephalus, atrophy and their dif-
ferential diagnosis. This issue, p.

7. RUGGIERO, G., NUZZO, G., SABATTINI, L.: Computerized axial tomography
and encephalography. Paper presented at the 5th Congress of the
European Society of Neuroradiology, Geilo, Norway 1975.



28

Figs. 1-6. Each figure illustrates the appearance of the subarachnoid space as seen
in a tomographic cut at post-mortem cisternography (top) and at in vivo C.A. cister-
nography (bottom) at the same level

Fig. 1. Cut at the level just below foramen magnum demonstrates spinal cord

Fig. 2. Cut at a higher adjacent level shows (from behind) cisterna magna, inter-
tonsillar space and posterior part of fourth ventricle surrounding tonsils. The
medullary cisterns (fossae olivares) being slightly inferior to fourth ventricle are
seen to outline upper medulla and to be continuous laterally anteriorly with cere-
bellopontine fissure

Fig. 3. A cut perpendicular to brain stem may visualize floor of fourth ventricle
formed inferiorly by restiform bodies (arrow). These are surrounded laterally by
lateral recesses of fourth ventricle

Fig. 4. Cut at the level of upper part of fourth ventricle showing infratentorial
portions of ambient cisterns as well as lateral extension of chiasmatic cistern

Fig. 5. At C.A. cisternography, infundibular stalk and chiasm are frequently visual-
ized. Occasionally the optic tracts (arrow) and optic nerves (arrowhead) may be seen.
Basilar artery is anterior to pons and trigeminal nerves may sometimes be identified
lateral to pons

Fig. 6. Cut through Sylvian fissures, inferior part of cisterna veli interpositi and
through subarachnoid space over vermis. Defects caused by posterior part of third
ventricle and by superior part of vermis (arrows)



Computerised Tomography of the Tentorium Cerebelli
T. P. Naidich*, I. I. Kricheff** and N. E. Leeds*

Introduction

NEWTON et al. (5), GOODING et al. (3), and GADO et al. (2), have demon-
strated that iodinated radiographic contrast agents accumulate in the
intravascular and extravascular spaces of the dura mater. Computerised
tomography in the axial plane (C.A.T.) permits routine identification
of this falx and tentorial blush after intravenous administration of
contrast agent. Familiarity with the normal C.A.T. appearance and ana-
tomic relationships of the tentorium provides a basis for understanding
the C.A.T. manifestations of many non-neoplastic disease processes.

Anatomy of the Tentorium

The tentorium cerebelli is a double fold of dura which forms the tent-
shaped roof of the posterior fossa (5). Laterally, the tentorium at-
taches to the occipital and petrous bones along the transverse and
superior petrosal sinuses, and then continues forward to the posterior
clinoid processes as the petroclinoid ligaments (6). Medially, the
tentorium fuses with the falx along the straight sinus and then con-
tinues forward to the anterior clinoid processes as two crescentic,
medially concave, free tentorial borders which define the tentorial
notch or incisura (1, 6). The midbrain usually occupies the anterior
half of the tentorial incisura (1). The posterior half may be occupied
by the superior vermis or the splenium of the corpus callosum (1).

The remaining space is filled by the cerebrospinal fluid, blood vessels
and nerves within the perimesencephalic and superior vermian cisterns.

The tentorium is highest medially at the apex of the incisura and falls
off posteriorly toward the torcula and laterally towards the transverse
and petrosal sinuses. Because the slope of this descent is steepest
medially and less steep laterally, the side walls of the tentorium are
concave superolaterally over much of their surface. However, when
viewed from above, the uppermost portion of the tentorium around and
below the incisura is slightly convex laterally.

In a sequential series of 100 contrast-enhkanced C.A.T. scans of good
quality, the tentorium was visualized in 99% of cases. It was well
seen in two-thirds of those and faint but visible in an additional
third.

*Montefiore Hospital and Medical Center, Department of Radiology, New York.
**New York University Medical Center, Department of Radiology, New York.
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C.A.T. Appearance of the Tentorium

The tentorial image seen on C.A.T. is that of coverging or diverging
bands of density which vary in configuration depending on the inclina-
tion of the C.A.T. slice, its level relative to the torcula and the
anatomical configuration of the individual tentorium. In most cases,
however, the tentorial image assumes one of three basic configurations:

1. "V" Configuration. A fortuitous section in the plane of the incisura
will show the full contour of the tentorial margin from the anterior
clinoid processes to the apex of the incisura. Less well-placed cuts
will show the tentorium piecemeal and with varying configuration at
each level.

Above a plane through the ﬁorcula, the tentorial leaves converge medial-
ly to the midline. Any section through the tentorium which exits above
the torcula will demonstrate converging V-shaped tentorial bands (Fig.
1.

2. Diverging Bands. Below the plane through the torcula, the tentorial
leaves diverge laterally. A C.A.T. section which passes through the
incisura and exits from the tentorium below the torcula demonstrates
tentorial bands which diverge posterolaterally toward the lateral ten-
torial attachments (Fig. 2). The diverging bands often appear to in-
crease in width as they pass posterolaterally, because the same 13 mm
thickness of the section includes a greater width of the gently sloping
lateral portion of the tentorium.

3. "M" Configuration. A C.A.T. section which passes directly through the
torcula creates a distinct M-shaped tentorial image (Fig. 3). Because
the section through the torcula is 13 mm thick, the top of the section
lies above the torcula and forms the V-shaped image that is the mid-
portion or lower point of the M. The bottom of the 13 mm-thick section
lies beneath the torcula and forms the two diverging bands that are the
uprights of the M. At the normal scanning angle, serial cuts in a
single patient will show the V, M and diverging band configurations.

When the C.A.T. section enters the tentorium inferior to the incisura,

the anterior gap represents only the width of the roof of the posterior
fossa at the level of section. Almost always, however, the relationship
of the tentorial bands to the midbrain, superior vermis and quadrigem-

inal cistern permits ready identification of the true incisura.

A number of pathological states may make the tentorium more evident

on unenhanced C.A.T. Calcification of the tentorium causes a focal or
diffuse increase in density (Fig. 4) which lies along and conforms to
the tentorial bands shown on contrast-enhanced C.A.T. Subarachnoid
haemorrhage accumulated on the surface of the tentorium creates con-
verging and diverging bands of density that are identical in configura-
tion with the tentorial bands seen on normal contrast-enhanced C.A.T.
scans (Fig. 5). The relationship of the blood density to the known
tentorial contours permits differentiation of subarachnoid supraten-
torial blood from intraparenchymal haemorrhage in most cases.

Tumour Localisation

On C.A.T. after contrast medium enhancement, medial posterior temporal
lesions lie anterolateral to the opacified band of the tentorium and
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may show flattening of their posteromedial contour to conform to the
tentorium (Fig. 6). Occipital lesions present further posteriorly but
will also be lateral to the tentorial bands and may be flattened medial-
ly. Lateral cerebellar lesions lie posteromedial to the opacified lat-
eral edge of the tentorium and may show flattening of their anterolat-
eral border (Fig. 7).

Masses which lie on the bands may not be localised as to their supra-
tentorial or infratentorial position unless medial or lateral flatten-
ing are observed or the lesion is large enough to be seen on other
slices to project medial or laterally to the bands. In such cases co-
ronal sections may be helpful.

When the "V" configuration is seen, lesions lateral or anterior to the
"V" are supratentorial, whereas masses within the limbs of the V are
incisural (Fig. 8).

The criteria for diagnosis of an extra-axial posterior fossa mass in-
clude sharp definition and confluence with the walls or roof of the
posterior fossa. On cuts above the level of the petrous pyramid, flat-
tening of the tentorial border of the lesion indicates confluence with
the roof of the posterior fossa (Fig. 9). In our experience such flat-
tened margins indicate that the masses are growing upwards towards the
incisura.

Infratentorial extra-axial lesions that grow upward toward the inetsura
often assume a 'comma' configuration: The infratentorial portion of
the tumour, constrained by the tentorium, exhibits posterolateral
flattening. The supratentorial component, free to grow in all direc-
tions, forms the rounded contour of a tumour ball.

Summary

Appreciation of the anatomical relationships of the opacified tentorial
bands permits accurate localisation of supratentorial, infratentorial
and incisural lesions on most contrast-enhanced C.A.T. scans. Lesions
that overlie the tentorial bands, particularly those that fall within
the broad M blush, may be indeterminate in position. Transincisural
extension of meningiomas is readily identified. It is not always pos-
sible to differentiate between upward bulging of the tentorium and
tentorial invasion with transtentorial growth.
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Fig. la and b. While the entire incisural portion of the tentorium is occassionally
visualised, this area of the tentorium is usually seen only in part as a dense "V"
with attached falx frequently converting the "V" to a "Y". Usually the "V" is faint

(a); however it may normally be thick and dense, perhaps augmented by contrast-filled
veins (b)

Fig. 2. Faint laterally broadening bands of enhanced tentorium pass, at a 45° angle,
from edge of quadrigeminal cistern to calvarium

Fig. 3. "M" configuration. Note enhanced torcular and lateral sinuses
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Fig. 4. Multiple calcific densities delineate free margin of tentorium
Fig. 5. Subarachnoid blood conforms to superior surface of left side of tentorium

Fig. 6. A posterior temporal infarct (lucent) is lateral to the tentorial bands and
is flattened medially

Fig. 7a and b. Cerebellar metastases are visualised medial to the tentorial bands:
(a) demonstrates lateral flattening against the tentorium; (b) projects over band,
but extends well medial to it



Fig. 8. Incisural extension of a vermian metastasis that projects between the "V"
of tentorial margins

Fig. 9. A left tentorial meningioma is flattened laterally against upper petrous

bone and tentorium. As it grows through the incisura, that part of the tumotr be-
comes rounded, producing a comma shaped density
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Technical Operation

Computer Tomographic Artefacts Using the CT 1000
D. P. E. Kingsley*

Artefacts

Artefacts are defined as areas of the display which are not true re-
presentations of the actual densities of the same areas within the
scanned object.

Sometimes the amount of artefact is small and may not be obviously
artefactual. In such cases errors of diagnosis may be made. At other
times artefact may be present but not sufficiently gross to alter the
value of the scan. Frequently, artefacts occur as a result of surgery
and other investigatory procedures and occasionally the artefact is of
such a nature that the scan is not just valueless but the display is
bizarre. Although the list is by no means complete it is the purpose
of this paper to demonstrate some of the commoner artefacts and also
some of the less common ones.

Artefacts can be divided into two broad categories: those occurring
because of the patient's state and those due to the machinery.

Patient Artefacts

Artefacts can really be divided into those which, although present,

do not alter the scan significantly and those which reduce the level
of diagnostic usefulness of the scan, and which therefore should be

avoided where possible. Table 1 lists the causes of artefacts which

should be avoided.

Table 1. Causes of major patient artefacts

1. Movement-Nodding

Horizontal
Rotational
Mixed
Violent short-lived
Extreme
Barium
. Air

. Metallic objects

Lo w N

. Myodil

*Lysholm Radiological Department, The National Hospital, Queen Square, London WCIN 3BG.
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By far the most important factor in the production of an increase in
artefactual content of a scan is movement of the patient's head. Move-
ment occurs in different directions and each produces a definite type
of artefact. Firstly there is the nodding type of artefact produced by
flexion and extension of the head (Fig. 1). The artefact is seen mainly
in the base cuts, and consists of low density shadows opposite the
mastoid air cells and high density opposite the dense petrous ridge.

On lower cuts vertical low density artefacts may be seen in the poste-
rior fossa in the midline due to the paranasal air sinuses.

Horizontal movement (Fig. 2) produces artefact mainly on either side,
consisting of vertical extracranial streaks of alternating high and

low density, since the bone is at one position at the start of the scan
and at another at the end. This may reduce the overall quality of the
scan by adding to 'edge blur' but does not necessarily reduce the
diagnostic value.

Rotational movement (Fig. 3) procudes streaks tangential to the skull
vault. These streaks are both within and outside the display area of
the skull. Minor degrees of rotation may not reduce the overall gquality
of the scan, but more persistent movement in all directions produces

a scan which is undiagnostic, particularly in the low cuts.

Sudden violent movement such as sneezing appears to distort the picture
more than continuous but less violent movement, and the appearances

may become completely undiagnostic even when the movement is short-
lived.

Finally, extremes of movement need only occur for a short period to
distort the display totally. Removal of the patient's head from the
scanner within 5° of the end of the scan results in a very bizarre
appearance.

Barium within abscess cavities produces very high density readings.

A certain amount of overshoot occurs at the edges and this may produce
problems during follow-up when the development of further loculi may
occur. Enhancement of new loculi may be overshadowed by the residual
barium. It is therefore essential that barium and other persistent
radio-opaque materials should not be put into abscess cavities.

Air by itself is relatively innocuous in small quantities and only
produces computer overshoot (Fig. 4). This is a white line around the
margin of the air or in the case of the bony vault a black line imme-
diately deep to the bone. With the 160 x 160 matrix the overshoot is
1-2%. Any patient movement of the head, however, produces very marked
artefact (Fig. 5).

Metallic objects such as surgical clips or metallic plates, however,
present a greater problem. Surgical clips almost invariably produce
severe streaking radiating outwards from the clip. A single clip is
relatively easy to avoid by scanning above or below or by angling the
cut. Multiple clips, particularly when accompanied by movement, are

a different matter. Larger metallic objects such as a plate at first
sight produces a completely undiagnostic scan. Alteration of ghe window
levels can reduce the artefact considerably and, although detail is
poor, such structures as the lateral ventricles and choroid plexuses
may become visible and this may be sufficiently diagnostic, particular-
ly in a follow-up scan.

Myodil only produces problematic artefacts by reason of its most fre-
quent situation in the posterior fossa, already a difficult area to
scan. Large amounts of Myodil may, however, render the posterior fossa
undiagnostic.
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Table 2. Causes of minor patient artefacts

1. Posterior fossa-IAMs

2. Air cell distortion

3. Asymmetry

4. Hair and deflation of trapped air
5. Shunt tubes

6.

Intracranial calcification

Table 2 lists the types of artefacts which if recognised do not cause
a problem in diagnosis.

A common artefact is a linear horizontal low density artefact in the
posterior fossa situated between the internal auditory meatuses (Fig.
6). This is usually seen on one cut only, although occasionally it
obscures a small fourth ventricle.

Artefacts may occur between areas of similar extremes of density, for
example between the ethmoid and mastoid air cells (Fig. 7). They should
not cause problems of diagnosis since the artefact extends between

the two, but alteration of the window may be required before the arte-
fact becomes obvious.

Slight asymmetry of the skull may result in the occurrence of low den-
sity areas, the commonest one being in the temporal fossa. It is only
present on the lowest temporal scan, and may represent overshoot re-
lated to bone in the orbital plate.

A similar-looking artefact is seen in the frontal region, sometimes ex-
tending into the temporal region, but in that case always involving

the frontal region as well (Fig. 8). This is due to hair, and to air
trapped between the head bag and the skull deflating during the course
of the scan. Shunt tubes and calcification within the skull vault do
not usually produce much artefact unless patient movement occurs. Such
artefact as does occur is related to computer overshoot but does appear
to depend upon the shape of the artefact. Sudden changes in absorption
coefficients produce greater artefact.

Machine Artefacts

Machine artefacts may arise from many different sources and can be
adequately divided into those due to the scan machine, those due to
the viewer or diagnostic console, and those due to the computer itself.

Table 3. Scanning unit artefacts

1. Indexing-less than 5°
greater than 5°
Head box movement
Faulty high tension cable to detector
Tube wear
Air bubbles in head box
Burst head bag

oUW N

Table 3 is a list of some of the artefacts which can occur with the
scanning unit.
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Irregular indexing, that is, failure of the normal 1°© rotation may
occur. Most commonly there is intermittent indexing of up to 5° and
this produces low density artefacts which are most prominent in the
periphery of the scan. The centre of the scan is usually reasonably
normal and ventricles and other midline structures can be interpreted
without much difficulty. Occasionally, indexing faults as great at 10°
or more may occur. This produces a far greater degree of artefact and
involves all areas of the scan. It is to be noted, however, that the
shape of the skull vault is formed in a normal manner.

Movement of the whole head-box unit produces a rather bizarre appear-
ance. Vertical and horizontal artefacts occur, both inside and outside
the skull vault, and it is impossible to define even the ventricles.
However, the outline of the skull vault remains intact.

A faulty high tension cable to the scan detectors may produce inter-
mittent high voltage to the detectors. This may occur only during part
of the scan and the linear streaks produced are present in only part
of the display. A more persistent faulty contact produces streaking
over the whole scan.

Tube wear results in a marked increase in the overall noise-to-signal
ratio and this has the effect of producing a loss of definition with-
out completely obliterating the scan information. The development of
this particular artefact is insidious, and the quality of the scans
is only gradually reduced. The diagnostic quality of the scan is only
impaired at the end of the tube life.

Small bubbles of air occasionally remain in the head-box and are sit-
uated during the scan between the tube and the detectors. This produces
a quite characteristic artefact, there being an inverted horseshoe-
shaped low-density shadow within the display area extending over the
scanned angle of 1800 or 225°. The position of the artefact is con-
stant whatever the position of the patient.

The last of this group of artefacts involving the scanning unit is due
to a burst head bag occurring at the end of the scan. The outline of
the bony vault is visible but no intracranial structures can be seen.
The whole scan has a grey quality and an air bubble is present at the
top of the scan.

Viewer Artefacts

The types of artefact which may occur due to problems with the viewer
are shown in Table 4. They are due either to high tension circuit,

Table 4. Viewer artefacts

1. High tension cable fault
2. Vertical drive fault
3. Photographic fault

vertical drive faults or photographic faults. A faulty high tension

lead produces a make-and-break contact artefact on the screen. The
artefact lines are parallel and horizontal. If the fault is intermittent,
part of the image may be acceptable. However, if the cable fault is

more persistent, then the quality of the image becomes totally un-
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satisfactory. Naturally, a complete break in the high-tension cable
results in no picture.

Partial interruption of the 30-V power supply to the vertical drive.
of the cathode ray tube results in part of the display being absent
over the period of the interruption. If the cathode ray tube oscillo-
scope is used for photographing the scans, it is important to switch
from 'view' to 'photograph' when the image is complete. Failure to do
this results in a horizontal artefact, the upper part of the picture
being more exposed than the lower (Table 5).

Table 5. Computer artefacts

Dirty disc head

Disc head controller fault
Disc corruption

Integrator fault

Memory board fault

Ul W N

Artefacts Due to the Computer

Many artefacts may occur in the computer itself. They may be divided
into those involving the disc head or the disc itself and more compli-
cated ones involving the memory boards and integrators in the scan
electronics. Failure to clean the disc head may result in one or both
images being unacceptable, with increased noise-to-signal ratio similar
to that seen with tube wear. If only part of the disc head is dirty

it is possible to separate the two artefacts, since one scan is rela-
tively normal while the other scan is of poor quality. Faults in the
disc head controller may result in malformation of the display image.
The normal ring of the bony vault is not complete and two overlapping
half circles occur. Corruption of the disc may occur resulting in arte-
fact. The display image may be relatively unharmed but almost any dis-
play abnormality may occur.

Faults in the integrators in the scan electronics converting the signal
from the photomultiplier tube to digital form may occur. If 'bits' are
lost the quality of the scan is impaired, the display appearing as a
rippling effect seen on still water.

Faults on the memory boards again vary, and the appearance can be very
bizarre. A display is produced which may bear no resemblance to the
correct one.

Summary

Artefacts are either man made or machine made. The machine artefacts
are interesting and may produce very bizarre appearances; but so ab-
normal are they that they cannot produce any confusion in radiological
diagnosis.

Man-made artefacts on the other hand are rather more subtle and fre-
quently can be corrected or avoided. It is therefore important to be
aware of the possibilities, so that errors of judgement and diagnosis
do not occur.
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Fig. 1. Nodding movement artefact
Fig. 2. Horizontal movement artefact

Fig. 3. Rotational movement artefact

Fig. 4. Air in ventricles. Small artefact due to computer overshoot, with patient
still
Fig. 5. Air in ventricles. Patient movement producing marked artefact

Fig. 6. Posterior fossa artefact due to petrous bones and mastoid air cells
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Fig. 7. Left orbital and temporal artefact due to air cells
Fig. 8. Left frontal and right fronto-temporal artefact due to trapped hair and air



C.AT. Under Stereotaxic Conditions
J. M. Caillé*, F. Cohadon, P. Constant, and J. P. Campagne

C.A.T. provides a direct three-dimensional picture of the head. Lesions
situated near easily-identifiable anatomical landmarks can be localised
with only a small margin of error. However, for certain lesions situ-
ated away from these landmarks, localisation is more problematical.
This is the case for lesions of the centrum ovale, those close to the
vertex, parasagittal lesions, intra-axial lesions of the posterior
fossa, etc.

Moreover, the slice angle varies from one examination to another, even
with the same patient. The parallelism of the slice planes to the or-
bitomeatal plane is not stable because the head is not held with suf-
ficient rigidity. In the axial slice alone, angular variations can
cause errors of from one to several centimeters for lesions away from
the easily-identifiable landmarks. It is thus very difficult exactly
to locate small lesions of several centimetres in diameter, to compare
one slice with the preceding one, and to follow with precision the
evolution of ventricular dilation, an infarct or a tumour receiving
radiotherapy.

It is possible with certain machines (Total Body Scanner) to supplement
the axial slices with coronal ones. These frontal slices give some

help in the localisation of small lesions but there is still consider-
able imprecision. The slice is rarely perpendicular to the axial slice
and the angular variations already mentioned introduce a considerable
cause of error.

For all of these reasons we decided to do C.A.T. under stereotaxic con-
ditions using a frame derived from Talaraich's stereotaxic frame fixed
rigidly to the examination table. The slices are strictly parallel to
the plane of the frame, which serves as reference.

The fixation points of the frame are the bridge of the nose and the
external auditory meatus. For each patient the coordinates of these
points are noted (Fig. 1).

For any given patient it then becomes possible to repeat the C.A.T.
under conditions which, if not absolutely identical, are at least very
similar. Angular variation is of the order of 1° and linear error of
the order of 1 to 2 mm.

In order to eliminate the partial volume phenomenon the slices are done
every 7.5 mm (Acta Scanner gives 2 slices 7.5 mm thick and 3 mm apart).
The polaroids are then enlarged (photographically) to bring the picture
to its true dimensions. Immediately after the examination a cylindrical
phantom of known diameter is scanned in order to determine the enlarge-
ment coefficient to be applied to the polaroids. It is then easy to

*Service de Neuro-Radiologie, Centre Jean-Abadie, 89, rue des Sabliéres, 3300
Bordeaux (France) .
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determine the coordinates of a point in three dimensions using the
stereotaxic frame as reference.

The stability of the slice orientation then allows one to compare one
examination with another for the same patient so as to determine pre-
cisely the localisation and volume of any tumour whether large or small.

This stereotaxic technique has obvious applications:

1. The scans provide exactly superimposable pictures which can be used
to follow the evolution of all pathological processes, ventricular
dilatation, haematoma, softening, tumour undergoing radiotherapy or
chemotherapy.

2. It allows one to locate and to determine exactly the volume of a
large tumour being treated by radiotherapy.

3. It is of use also in the diagnosis and treatment of small lesions.

A second frame identical to the one used with the scanner is used in
the Neurosurgery Department. By reproducing the conditions of the C.A.T.
examination and doing an angiogram in stereotaxic conditions the biopsy
of small lesions (of the order of 1 cm diameter) is possible without

a risk of error.

After histological analysis, the precision of localisation of the tar-
get volume allows surgery or radiotherapy to be undertaken. After cal-
culation of the dose it is possible to carry out interstitial radio-
therapy with iridium strands for small lesions deep in the brain.

Conclusion

The relative imprecision of C.A.T. in locating and determining the
volume of tumours led us to perform the examination under stereotaxic

conditions.

By the use of this technical device, the evolution of pathological pro-
cesses can be followed, the histological diagnosis of small lesions

can be facilitated and possible surgical or radiotherapeutic treatment
rendered more precise and thus more effective.

Reference
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The Application of Receiver Operating Charateristic
Curve Data in the Evaluation of Hard Copy and an

Interactive Display from an EMI Scanner
B. R. Pullan* and I. Isherwood**

Introduction

The basic principles of signal detection and decision theory have pre-
viously been applied to the problem of evaluating quantitatively and
objectively the ability of observers to detect signals or image features
in the presence of noise (1-5).

In a simple signal detection exercise the observer is presented with a
series of images only some of which, usually 50%, contain a signal
against a background of noise. The remainder contain only noise. The
observer is then required to decide whether a signal is present or not.
Clearly a ‘'confidence threshold' or 'level of conservatism' must be
taken into account if the observer's response is to be meaningful. The
frequency of correct, i.e. true positive or true negative, or incorrect,
i.e. false positive and false negative, decisions will depend on such

a threshold.

A receiver operating characteristic curve (R.0.C.) at its simplest is
a graph plotting conditional probability of true positive against false
positive responses, as the level of conservatism is varied. An analysis
of observer or detection performance is then possible from this data.

If pure guesswork is employed, e.g. a blindfold observer, then the
response should be independent of the actual presence or absence of

the signal. The R.0.C. curve is then a straight line at 45° to the ab-
scissae. If information about the presence or absence of a signal is
actually present in the image and perceived then the conditional prob-
ability of a true positive response will be greater when the signal is
actually present. A typical R.0.C. curve is therefore in the upper left-
hand half of the graph (Fig. 1). The technique can be further elaborated
by recording the position of the signal within the noise.

The aim of the present investigation has been to set up the technique
in Manchester to enable a quantitative comparison to be made of dis-
play techniques. This paper describes such an application of the method
and the results obtained in the comparison of hard copy on polaroid
film and an interactive display on a Diagnostic Display Console (D.D.C.)
from an EMI brain scanner during observations of marginally detectable
changes in a phantom object.

*Department of Medical Biophysics, University of Manchester.
**Department of Diagnostic Radiology, University of Manchester.
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Material and Methods

Five objects were made from acetate sheet. Each object was a 1 cm diam-
eter disc of 0.125 mm thickness with a density of 1.2 g per cc.

Five such objects were spaced at 1.2 cm intervals on nylon threads
stretched parallel to the axis of the scanner in a specially devised
frame. The nylon thread was of 0.008 in. diameter. Each object had a
small hole in the middle with a slit from the hole to the edge of the
disc to enable easy threading. A spacing of 1.2 cm was chosen in order
that two objects never appeared on a single section. The frame and ob-
jects were then immersed in gas-free water (fresh distilled water from
a still).

A total of 28 computer tomographic sections were then obtained at ran-
dom. The assumption was made that each section would contain a positive
object but of variable detectability. The objects were then moved to
the top of the suspending wires and eight further sections obtained
through water only, at different positions, but with the frame in the
same orientation. The orientatation of the frame could not then be used
to detect the presence or absence of objects.

The computer tomographic section numbers were then placed in random
sequence by reference to random number tables. An equal number of pos-
itive and normal sections were then arranged at random (Figs. 2a and
2b).

Sequences of eight such random sections were then transferred to each
of seven floppy discs making a total of 56 sections.

Polaroids were obtained from the D.D.C.'s small monitor for each sec-
tion at a fixed window width, selected by an independent observer. The
window level employed was 2 and the window width 30, for all polaroids.

A form was devised requiring the observer to record the presence or
absence of any abnormality on a confidence scale of 0-9. The score 9
indicated absolute confidence that a lesion was present. Score O in-
dicated absolute confidence that a lesion was not present. The forms

were completed for both polaroid and interactive displays with two
observers.

All polaroid prints were viewed with the observer sitting at a desk
under normal office lighting. The D.D.C. was viewed in two ways:

1. With the observer sitting close to the screen, in the normal viewing
position and being allowed to alter window width and window level set-
tings at will.

2. With the D.D.C. display at 12 ft from the observer so that the dis-
play screen subtended about the same angle at the eye as the polaroid
prints. No interaction with the display was allowed in this case.

Data Analysis

Histograms were obtained of all numbers recorded by each observer and
for each experiment. The histograms were divided into sections con-
taining equal numbers of responses. The criteria were such that 10,
25, 40 and then all numbers of responses were positive. This technique
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enabled the normalisation of four levels of conservatism to be achieved
for different observers and the same observer on different occasions
(Figs. 3a and 3b).

The response sheets were analysed and coded into correct and incorrect
responses. Each score at each level of conservatism was summed. With
knowledge of the total number of objects and the total number of nor-
mals, the percentage of correct and incorrect observations could be
calculated. All data from repeated runs were pooled for each observer
and the total percentages calculated.

The percentage of correct observations was then plotted against the
percentage of incorrect observations for the different levels of con-
servatism, thus generating the R.0.C. curve.

Results

The R.0.C. curves for the interactive display indicate a difference
between the two observers (Fig. 4a and 4b). Observer B showed more
random observations as the conservatism level was reduced.

The detectability of the abnormality was better when using polaroid
prints than the D.D.C. with interaction and close viewing conditions.
The same result was obtained for both observers. When the D.D.C. was
used without interaction and at a large viewing distance, the detect-
ability of the lesion was at its highest. This was true for both ob-
servers (Fig. 5a and 5b).

Discussion and Conclusions

The R.0.C. curve is relative to the observer and display. Comparison
between displays using observers is possible when the same object and
observer are used for all observations, i.e. the display is the only
variable.

In these experiments an attempt has been made to stabilise the test
objects and observers so that the results will indicate differences
between the display methods tested.

It can be concluded that under the conditions of the experiment, with
uniform background and free interaction with the display and close
viewing, that the polaroid prints allowed better detection of the ab-
normality then the D.D.C.

Possible explanations of this are:

1. The high display contrast which can be achieved using the D.D.C. may
allow false positive results to be generated from noise by over mani-
pulation of data. This was not possible with the polaroid prints.

2. The image of the abnormality on the polaroid prints subtends a much
smaller angle at the eye under normal viewing conditions than does the
D.D.C. when viewed sitting at the display console. The smaller viewing
angle in the case of the polaroid prints leads to a suppression of ir-
relevant detail such as scan lines and pixel edges and also an averaging
of the noisy data leading to better detectability.
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The second suggestion is supported by the results obtained using a long
viewing distance. The improvement in detectability over polaroid prints
in this case can be accounted for by the degrading effect of the photo-
graphic process.

These experiments indicate that there may be dangers in overmanipula-

tion of data or digital display consoles, particularly when the observer
sits close to the display.
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Fig. 4a and b. R.O.C.
curves for polaroid
prints and interactive
display (D.D.C.). (a)
Observer A. (b) Observer
B

Fig. 5a and b. R.O.C.
curve for polaroid copy
interactive display and
D.D.C. viewed from a dis-
tance. (a) Observer A.
(b) Observer B



Costing and Logistics

Departmental Logistics: C.A.T. in a Neurological Hospital
G. H. du Boulay*

How Does a Neurological Hospital Differ?

How does the work of a neurological hospital differ from that of the
neurological services of a general hospital?

1. It is likely that all, rather than only a proportion, of the X-ray
staff can take their turn in the C.A.T. scan rooms.

2. It is probable that the case load will be especially heavy.

3. There may be a greater commitment and obligation to carry out re-
search.

4. Unpaid help may be available for research and even for part of the
service commitment from postgraduates attached to the hospital.

For more than a year the case load at Queen Square was so great that
only in-patients could be scanned, but this probably ensured that the
apparatus was used on the iller or more urgent patients (as borne out
by the very low proportion of normal scans - 10-15%).

The installation of a second scanner has allowed us to scan out-patients
again (about two-thirds in-patients to one-third out-patients at the
moment) .

In-patient C.A.T. scanning involved an average wait of 3 days. No doubt
for some this time was well spent, but for those for whom the admission
to hospital was purely for the purpose of getting a scan it represented
an extra charge on the Health Service. Subsequent experience suggests
that up to about one-third of the patients were admitted for this reason
alone, involving 3,500 in-patient-days, costing £47.71 x 3500 (nearly
£167,000) . This was almost the cost of another EMI scanner spent simply
on bed-occupancy.

Estimating the Cost of a Service

Estimation of the approximate cost of installing and running a C.A.T.

scanner is a simple though rather tedious calculation. The exercise is
much more difficult when one attempts to set savings brought about by

C.A.T. scanning against these costs.

First of all a philosophy has to be adopted. For example, there is at

the moment no doubt that C.A.T. scanning is replacing many air-studies.
For the moment, then, it is helpful and realistic to set the saved cost

*Lysholm Radiological Department, The National Hospital, Queen Square, London WCIN 3BG.



53

of an appropriate number of air-studies against the cost of a similar
number of C.A.T. scans, but for how long may one go on calculating

like that? If one were not to change the method after a while one would
now still be allowing for savings in the Health Service on phasing out
leeches.

It seems to me reasonable to set the costs of one type of examination.
against the other only when looking for the effects of bringinga C.A.T.
service up, more or less, to maximum use - a phase which with us is
now nearly over.

After that, though one may monitor small shifts in the usage of alter-
native examinations, it is likely to be more useful simply to state
the costs without accounting savings on other studies and shorter bed-
occupancy.

To judge from our experience it takes at least 3 years to appreciate
how best to use a C.A.T. scanner, and we are still making a few sig-
nificant changes in our investigatory regimes. I have therefore chosen
to assume that after 5 years a more or less stable situation will have
been reached. The diminution of pneumoencephalograms and scintigrams
over that time is, however, more or less exponential. I have assumed
that the decrease in these examinations at the half-way point (2 1/2
years) 1s near its maximum, and as this 2 1/2 years' point for us has
already passed we can apply actual experience to the calculations.

Cost-benefit analysis at 2 1/2 years is likely therefore to be roughly
applicable up to the end of the first 5 years, but increasingly there-
after, benefits will be in the form of more information per patient
and a service for more of the population. Both of these benefits are
in general quantified as changes in bed-occupancy and greater depart-
mental through-put (15% in our case).

Depreciation of apparatus is also difficult to estimate during a time
when many improvements are being made in design. I have assumed not
only that a significant sum will be spent yearly on updating the old
apparatus, but that after 5 years it will be so obsolete that its sec-
ondhand value is no more than & 25,000.

We have been able to cost these X-ray examinations from historical
data. A summary is given in Table 1 where it is shown that one patient
examination costs & 30.9. This applies, however, only to 1975/76. The
cost changes. For example, we are at the moment operating two head
scanners in adjacent rooms without any increase in staff. The price

of this second scanner, borne by Research and Development, was greater
than the first, and other costs have escalated too, notably service
charges. The net result, however, is that the cost of a single scan has
very slightly dropped (£30). (In order to make this calculation I have
counted both cost and servicing as though paid by the hospital rather
than the DHSS's Research and Development budget). Our patient examina-
tions are rather more elaborate and take longer, so that we are prob-
ably working at the rate of about 3000 a year on each machine. Updating
to Mark II standards will change the cost again, presumably in a down-
ward direction.

Savings on Other Examinations

In 1973 we were carrying out 750 angiograms, 700 pneumoencephalograms
and 3600 scintigrams a year. As in costing C.A.T. scanning, every item
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Table 1. Costs of C.A.T. scanning 1975/6

Capital
Depreciation of capital investment
(less resale price) £ 25,000.00

Proportion of installation cost 8,000.00
Annual updating 15,000.00

Total £ 48,000.00 £ 48,000.00
Salaries
Radiologists 7,250.00
Radiographers (including training) 12,475.00
Nurses 1,100.00
Anaesthesist 200.00
Reception, typing and filing 6,430.00
Porter 3,000.00
Cleaner 150.00

Total % 30,650.00 £ 78,605.00
Expendables
Polaroid film 10,000.00
Contrast medium 5,000.00
Servicing and repairs 7,500.00
Major replacements (e.g. tubes) 5,000.00
Tapes 320.00
Miscellaneous 1.700.00

Total £ 29,520.00 £108,125.00

= 3500 patient examinations at £30.9 each

of expenditure relating to the X-ray Department has been taken into
account, including costs of installation, depreciation and a due propor-
tion of all salaries, not forgetting something for supervision, in-
service teaching, filing and reporting.

Table 2 shows the approximate monetary cost of an individual angiogram,
pneumoencephalogram (AEG) and scintigram.

Table 2. 1973 Costs of examinations per patient (& sterling)

Investigation No. performed Capital Salaries Expendables Total

Angiogram 750 11.6 16.4 25.7 53.7
AEG 700 7.3 20.7 9.99 38.0
Scintigram 3600 1.8 16.8 2.5 20.1

Changes take place continuously, however.

Decreases in the numbers of angiograms, AEGs and scintigrams have re-
leased radiographers for duties which have increased - C.A.T. scanning
particularly, but the nursing side has not undergone the same redeploy-
ment so that the nursing contribution to individual examinations costs
a little more.

We were also able to sell our rectilinear scanner for £1,500 (it cost
£12,000 in 1971) and carry out all scintigraphy with a single gamma
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camera. Inflation has had its effects. Costs of individual examina-
tions in 1976 are shown in Table 3.

Table 3. 1976 Cost of individual examinations

No. performed Total cost of one (E/sterling)

Angiogram 500 69.3
AEG 260 45.7
Scintigram 1200 25.00

At 1973 prices the contrast investigations avoided in 1 year would
have cost 578,385 and the cost of associated extra bed-occupancy avoided
was of the order of 32,590 (&78,385 + £32,590 =%110,975).

Research

Research 1s a major occupation of the National Hospital, but it is
very difficult to estimate the proportion of salaries devoted to re=
search when so many people are involved in their space time; I have
counted 5 hours of consultant time a week and 3 hours of senior regi-
strar time, as paid for by the National Health Service and used during
normal working hours, in addition to the staff employed for research
from research funds. In total research and travel really costs about
£E15,000 a year. We receive in grants and salaries about 12,000 a
year.

The difference has been partly made up from a discretionary fund de-
rived from private patient fees, but most of it represents time which
was given free by the staff for research activities outside normal
working hours.



Logistics: A Neuroradiological Service. The Cost-
Effectiveness of an EMI Brain Scanner
J. L. G. Thomson*

An EMI Brain Scanner has been fully operational at Frenchay Hospital
since June 1st, 1974. An attempt is made to assess the cost-effective-
ness of the machine during the first 2 years of use, by balancing the
estimated cost of the machine and its operation, in relation to the
amount of work done, against the savings made in the same period. Some
assumptions have to be made, but it is considered that these are if
anything on the conservative side for the purposes of the paper.

Frenchay Hospital is a District Hospital serving a local population

of about one-quarter of a million people, with regional units for
plastic surgery, thoracic surgery and neurosurgery in addition, serving
a much greater population of about two and a quarter million people.
The neurosurgical unit has 53 beds, in the care of four consultant
neurosurgeons, and there are also 30 neurological beds in the care of
two neurologists. The X-ray department is staffed by a superintendent
radiographer and 21 radiographers, meeting the demands of the whole
hospital, the regional units, and a busy accident and emergency unit,
with a full daytime and evening service and overnight and weekend cover.
In 1975/76 there were 49,500 patient attendances in the whole X-ray
department.

Against this background an EMI brain scanner was installed in 1974 and
became fully operational on June 1st of that year, although for the
first four months, only a daytime service was provided until all the
radiographers had been taught to use the machine. Thereafter inpatients
and outpatients, both of our hospital and of others in the region,

were accepted for examination on an appointment system. In the year
1974/75, 2102 scans were carried out on 1520 patients and in 1975/76,
4012 scans were carried out on 2559 patients. Of these, 570 and 786
patients attended the department as outpatients either of our hospital
or other hospitals in the region, respectively. These patients, who
would previously have had to be admitted to hospital for traditional
investigatory techniques, e.g. cerebral angiography and pneumoencephalo-
graphy, represent a considerable saving to the hospital and the tax-
payer by no longer requiring a bed for a diagnosis to be obtained.

Furthermore, as a result of the accuracy of the information provided
by the scanner, there was a significant reduction in the demands for
traditional investigations, so that the numbers of cerebral angiograms
have reduced to about 50%, pneumographies to about 25% and isotope
studies to about 33% of those obtaining in the previous years. An in-
cidental finding is that the average length of inpatient stay of 18
days in 1970 has become 13.2 days in 1975, although the contribution
played by the scanner towards this reduction would be difficult to
evaluate.

Concerning the cost of installing and running the machine, which is
regarded as having a 10-year life, to include a service contract, spare

*Frenchay Hospital, Bristol, Great Britain.
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parts allowance, the engagement of an extra senior radiographer, an
extra secretary, a part-time physicist, and allowing for overtime pay-
ments, Conray injections, telephone, heat, light, power etc, tables
show that in 1974/75 the total was nearly &30,000 and for '75/'76 was
nearly £ 50,000. The virtual doubling of the work-load in the 2 years
meant in fact that the absolute minimum cost per scan remained at about
the same level, i.e. £812-15. It should be understood that this repre-
sents the extra cost over and above money used on the X-ray department
before the introduction of the scanner and still needed in 1974-76 for
such items as for example radiologists' salaries.

However, the savings which accrued from the use of the machine more
than balanced out the above figures for extra expenditure. The savings
arose from two main sources, the traditional investigations no longer
required, and the beds saved by outpatient attendances. In the first
group, the savings on the arteriograms, pneumoencephalograms and iso-
tope scans were calculated to be of the order of &14,000, and in the
second group the savings were thought to be between £25,000 and & 70,000
taking the lowermost figure for 1974/75 and the uppermost figure for
1975/76 calculated on a patient stay of either half a weak or a whole
week in hospital.

It is assessed, therefore, that the savings which arise from the in-
stallation of such a machine, certainly in an environment such as that
in existence at Frenchay Hospital, more than outweigh the expenditure

involved. Greater detail of the figures quoted will be found in Health
Trends (1).

Reference

1. THOMSON, J.L.G.: Cost-effectiveness of an EMI Brain Scanner. In:
Health Trends (in press).



C.A.T. of Brain and Body in a General Hospital
M. Collard*

Organisation and logistic planning of a radiology service, particularly
of a C.A.T. service, is currently made more difficult by rapid technical
progress. Thus, when James Ambrose gave the first results of cerebral
C.A.T. in Madrid in 1973 (8th International Congress of Radiology),

he did so to a very small audience; scarcely 3 years ago this technique
hardly aroused any interest in radiologists or neuroradiologists, de-
spite its truly revolutionary nature. To have planned a department in
1973 without giving due thought to such a technological advance would
have been risky indeed.

This notion indicates very well the fundamental change through which
our discipline is passing today. Perhaps we should therefore discuss
'diagnosis by physical methods' rather than 'radiology', for radiology
has recently grown to encompass thermometry, ultrasound, dynamic ultra-
sound (Doppler flow recordings), bone densitometry and a number of
other techniques.

For the first time, these various methods have been taken up by several
different disciplines: thus, ultrasound imaging is employed by gynaecol-
ogists, cardiologists, neurologists, etc. At the same time, by virtue

of the exponential development of technology, it seems desirable to
concentrate technical investment in a centralised department which is
open to the various specialities and subspecialities. Since the in-
dications and role of these techniques are so rapidly changing, it is
obviously preferable to make use of such a complex installation on a
pluri-disciplinary basis, and to adapt it to technological advances
rather than to duplicate identical facilities within a single hospital.

Apart from its purely medical aspects, continuing development of phys-

ical diagnostic methods in a centralised service entails ever closer
and more efficient collaboration with engineers and physicists alike.

Placement of a C.A.T. Department

It may be useful to attempt a definition of the objective criteria
governing the installation of a C.A.T. apparatus within a hospital. In
most countries, at the present time, the need for some such installa-
tion appears self-evident, although that need may often arise for rea-
sons other than purely medical (e.g. prestige).

Experience in Belgium has proved interesting: during 1974 and 1975
our own C.A.T. brain machine was the sole apparatus not only in Belgium,
but in the neighbouring countries as well: a study of the location of

*Agrégé, Chargé de Cours a L'Université Libre de Bruxelles, C.G.T.R., B-6110 Montignies
le Tilleul.
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the referring physicians would therefore allow us to suggest objectiv-
ely where C.A.T. devices could be usefully placed in Belgium. In fact,
during those two years, our patients came from four specific groups

of Belgians only, while, at present, some 20 groups are asserting a
need for such apparatus, occasionally for more than one machine.

This demographic study related clearly to a need per capita: siting of
C.A.T. machines is justified not by the presence of a hospital (be it
university linked or not: the difference in the end result is becoming
less and less apparent) but by the patient population concerned. In
fact, as with any piece of heavy equipment, the important factors in
placement of C.A.T. machines are related to regional needs, to the size
of the patient population, and also to communications and access.

Referral Pattern of Patients

The patients referred during our first 2 years with the brain C.A.T.
apparatus came essentially from neurological specialists, but, in-
creasingly, we have noted that patients are being referred directly by
general practitioners, without a previous neurological consultation.
We are not in a position to refuse patients referred directly for C.A.T.
by general practitioners; and we feel it somewhat unreasonable to in-
sist that patients should undergo a neurological examination. In addi-
tion to these theoretical considerations, our experience has shown
that the proportion of cases with positive C.A.T. findings among those
referred by general practitioners has increased, which we think re-
flects the growing interest in a reliable, non-traumatic means of in-
vestigation.

Organisation of a C.A.T. Department

Referring Doctors

The medical staff, specialised or with general interests, who may order
C.A.T. examinations must be fully aware of the possibilities and, par-
ticularly, the limitations of the method.

As a result of the publicity the technique has received, the medical
profession may have gained the impression that C.A.T. is almost infal-
lible, and capable of diagnosing any condition. We are currently trying
to rectify this by describing the specific indications for this type

of investigation, its limitations and the possible types of error to
general practitioners by means of a series of meetings organised at
their request.

For any more specialised groups, the problem may sometimes be aggra-
vated by unwillingness to admit that a new method may permit older ones
to be replaced. Thus, it has been difficult to establish the correct
role for the EEG (as a functional test), or to show the limited applica-
tions of cerebral ultrasound studies. This reluctance is not unique

to clinicians, and over the last few years a number of neuroradiologists
have denigrated the contribution of C.A.T. seemingly in an attempt to
defend conventional neuroradiology.

Thus, those who find themselves in charge of a C.A.T. department must
apply themselves to educating the referring staff, with the end view
of reducing the burden of superfluous or poorly-indicated examinations.
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Paramedical Personnel

These personnel have three functions:

1. To deal with the patients
2. To manipulate the apparatus
3. To maintain the apparatus in good working order

The first of these is easily carried out by the previously existing
staff, and is basically no different from their role in conventional
radiology. On the other hand, the manipulation and maintenance of a
C.A.T. machine involve an increase in technical staff. Trained nurses
have no role in a modern radiology department except when minor surgical
procedures are involved (catheterisation, punctures, etc), but technical
staff are increasingly needed. It is simpler to teach anatomy or cer-
tain basic clinical concepts to technical personnel than to teach nurses
technology. This being so, it would seem more logical to recruit grad-
uates of an industrial college and then train them in radiography.

Medical Personnel

Interpretation of the results of C.A.T. falls naturally within the gen-
eral training of a radiologist, and it is best not to over-specialise
the individual doctor; this also applies to ultrasound or any other
physical diagnostic method.

The development of radiology since the advent of C.A.T. makes a pre-
cise knowledge of each method of examination and their synthesis more
necessary than ever. Hyperspecialisation tends to increase the number
of investigations carried out regardless of the efficiency with which
radiology is then being employed for the patients' good.

The development of C.A.T. has meant that a good understanding of ra-
diological anatomy is more important than it was previously.

Computer Engineers

A computer expert will become an indispensable part of a radiological
service, dealing with the ever-increasing possibilities of memory, sub-
traction, etc., posed by developments in C.A.T. In a large general
hospital, each radiological service has specific problems which can

be approached by a computer expert; it seems highly desirable that he
should be attached to the department itself so as to best appreciate
its problems and provide adequate solutions, working with a computer
belonging to the radiological service, or integrated with a central
hospital computer.

C.A.T. Brain/Body

The great medical difference between brain and body C.A.T. at present
would seem to lie in the sequence of %adiological investigation which
each imposes. For the brain, C.A.T. is a first-step procedure, conven-
tional procedures such as pneumoencephalography or angiography being
used secondarily, as indicated by C.A.T.

It is generally noted (and our experience would confirm) that the num-
bers of conventional neuroradiological investigations have undoubtedly
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decreased since the advent of C.A.T. This does not reduce the neuro-
radiologist's contribution, but enables him to concentrate his efforts
on more problem-orientated examinations.

Conversely, C.A.T. examination of the body is carried out only when a
problem has exhausted the resources of general radiology or its asso-
ciated techniques such as ultrasound. This inverse relationship derives
from the obvious need to centre the body C.A.T. on a particular region,
which is in turn made necessary by the importance of keeping the ra-
diation dose to a minimum. Dosimetric studies show, in fact, that the
dose resulting from C.A.T. of the body extends beyond the tomographic
cut itself, and that adjacent tissues may receive between 15% and 30%
of the dose delivered to the slice under examination.

Quite independently of this biological consideration, the cost of a
C.A.T. study of the body imposes a prior selection of patients.

These differences between the brain and body C.A.T. devices raise a

difficult problem as regards the equipment of the radiological services
of a large general hospital.

From the Technical Viewpoint

Technically, the brain C.A.T. machine is the best suited to the exam-
ination of the brain because of its higher powers of resolution and
the reproducibility of the results (in EMI numbers). Moreover, the ra-
diation dose is less than when a whole-body device is used to study
the brain.

From the Medical Viewpoint

Whether it is necessary to dedicate a machine solely to study of the
brain will depend on the neurological or psychiatric case-load of the
hospital concerned.

These two factors may argue in favour of the acquisition of a brain
C.A.T. device. However, even if the technical differences between brain
and body machines have been clearly established by the Manchester
School, further work is required to determine whether such differences
are significant also at a clinical level. The work begun by Gado, in
comparing the diagnostic studies of a single patient performed on dif-
ferent machines but on the same day, in the same service and with the
same personnel must be continued.

In a service possessing both types of apparatus, an independent view-
ing and analysis console (such as EMI's I.V.C.) should be provided,

so that the routine clinical work may be kept separate from research.
In such a way the radiologist can use this complex machinery not only

for routine diagnosis, but to bring radiology to a competitive position
in research.



Head Injuries

The Role of C.A.T. in the Diagnosis and Management

of Traumatic Intracranial Haematoma
B. Jennett, G. Teasdale, S. Galbraith, and T. L. Steven*

Head injuries are an important aspect of health care which impose con-
siderable burdens on the hospital service; in the UK they comprise 1
in every 10 new patients in accident and emergency departments, and
account for 150,000 hospital admissions every year. In Europe most ad-
missions are to accident or general surgery wards, only the minority
of obviously serious injuries coming to neurosurgeons. Even after mild
injury there is the threat of serious complications which can develop
rapidly, and are associated with considerable mortality and morbidity
rates. The reason why so many mildly injured patients are admitted

to hospital is in the hope that clinical observation will result in
early detection of complications.

The Clinical Problem

There is good evidence that this policy often fails, and that there
is considerable preventable mortality and morbidity in patients whose
initial injury was relatively mild - as indicated by the patient's
ability to talk, at some stage after the impact.

One-third of head injury survivors referred to the Glasgow Institute
in coma had talked before going into coma: and a third of fatal head
injuries had talked at some time after injury before they died (9).
Intracranial haematoma was found in 75% of patients who talked and
died. Investigation of patients coming to the notice of the medico-
legal organisations in Great Britain following head injury revealed
that most were 'talk and die' cases; many had intracranial haematoma
(7). Yet another survey revealed that a third of patients referred to
neurosurgeons in Glasgow with intracranial haematoma had been deterio-
rating for 12 h or more before transfer - often because they were
mistakenly believed to have suffered a stroke or to be drunk (3). One
reason for this is that skilled clinical observation of head-injured
patients is not available in all general surgical and accident wards;
another is that the clinical syndrome is often atypical and investiga-
tions are necessary. However, until the introduction of the EMI scan-
ner there was no reliable and safe method of investigation. Echo-en-
cephalography and isotope encephalography have very limited value in
this particular situation; even when patients are referred to special
units, where angiography and ventriculography are available, it can

be difficult to decide when to use these invasive methods, which carry
considerable risk of aggravating the intracranial condition when the
brain has recently been damaged. For this reason exploratory burr holes
are sometimes recommended as a primary measure; but in one large series
40% of haematomas were missed on initial exploration, only to be re-
vealed later by contrast radiology or autopsy (6).

*Institute of Neurological Sciences, GB Glasgow G51 4TF.
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Our experience with C.A.T. accords with that in other preliminary re-
ports - namely that it is indeed a useful means of diagnosing intra-
cranial haematoma; and that since its introduction other invasive in-
vestigations are rarely needed (2). In the first 150 consecutive cases
investigated in our Institute there were 60 with haematoma (4). Whilst
it is easy enough for even a junior radiographer to diagnose an obvious
extradural haematoma on the C.A.T., a more important question is how
reliable the method is in a consecutive series of cases when the di-
agnosis is made by the surgical staff involved in making clinical de-
cisions. Intracranial haematoma is liable to present at unsocial hours,
when interpretation by a neuroradiologist is often not possible; and
immediate action is usually required following investigation.

Investigation into the Reliability of C.A.T.

We therefore decided to determine the reliability of interpretation

by young neurosurgeons, who are those most concerned in the practical
application of the method (5). Three senior registrars, (two are now
consultants) participated in an investigation in which one of them
reviewed the records of 150 patients who had had C.A.T., and classified
them into those with and without an acute intracranial haematoma (with-
in 14 days of injury) on the basis of clinical, operative and autopsy
evidence. From these cases 51 patients were selected with and 46 without
haematoma; about half of each group was on the 80 x 80 matrix and the
other with the 160 x 160. The other two neurosurgeons then read the
scans of these patients 'blind' - without access to the case notes or
to the patient's name.

Detection of Haematoma

There was agreement between the two neurosurgeons about the presence
or absence of a significant haematoma on the scan in all but two cases
(Table 1). There were two cases about which the neurosurgeons disagreed;

Table 1. Interpretation of C.A.T. of 97 head injured patients

C.A.T. diagnosis

Neurosurgeon A Neurosurgeon B Number of Final diagnosis
cases
Haema toma Haematoma 49
Haematoma
Haematoma Uncertain 1
Uncertain No haematoma 1

No haematoma
No haematoma No haematoma 46

in one case with a haematoma one surgeon was uncertain about it, and

in one without a haematoma the other surgeon was uncertain. In practice
management is likely to depend on the opinion of the more certain of
two clinicians; the more certain diagnosis was correct in both these
cases. If these two are recorded as correctly diagnosed, then there
were no false positives and no false negatives in the 97 cases reviewed.
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Intradural haematomas were commoner than extradural, but some patients
had both. Many of the intradural haematomas had both intracerebral and
subdural collections; pure subdural haematomas are unusual during this
active stage, which is why we use the term intradural. Ten of 13 extra-
dural haematomas and 28 of 34 intradural haematomas were correctly
placed in these sites (Table 2); each of the 11 discrete intracerebral
haematomas was correctly identified as in this site by both surgeons.

Table 2. C.A.T. in distinguishing different types of traumatic haematoma

Type of haematoma Number of cases Accurate C.A.T. diagnosis
Extradural only 13 10
Intradural only 34 28
Intracerebral only 11 11
Subdural + intracerebral 23 17
Extra and intradural 3 1
Total 50 39 (78%)

In most cases haematoma was diagnosed on the basis of locally increased
density, but in four cases the diagnosis was based on midline shift

and ventricular distortion, there being no local increase of density.
Except for one intracerebral clot all haematomas which showed up local-
ly were associated with midline shift; this was not seen in any of the
patients judged clinically not to have a haematoma.

Practical Problems in Using C.A.T. for Acute Head Injuries

At the stage when intracranial haematoma is suspected patients are
often restless and unco-operative, and many of our patients therefore
had to have general anaesthesia, sometimes after an unsuccessful at-
tempt at scanning without. Quicker scanning and dispensing with the
water bag in newer models of the scanner should reduce the need for
anaesthesia, although other means of sedation might have to be con-
sidered; however, in patients with acute brain damage it is doubtful
whether the widespread use of sedation would be acceptable to neuro-
surgeons. Another problem is patient selection. Patients already de-
teriorating, with a haematoma or brain swelling suspected, are obviously
in need of scanning, although if the patient is already in a critical
condition the surgeon may consider that the delay involved in arranging
a scan (out of normal working hours) is unjustified. But what about

the patient in the early hours after head injury who is already im-
proving, or the patient 24-48 h later who is clinically stable, though
perhaps not improving as quickly as was expected. Given that the facil-
ities are available, should all such patients have a scan, and if so
when?

Some further observations in Glasgow suggest that more widespread use
of C.A.T. soon after injury may pose a new problem for surgeons. We
have begun to find sizeable haematomas in some patients in whom the
clinician would not have any reason to suspect this complication on
clinical grounds. Should such a patient then be submitted to surgery?
Colleagues in one American university hospital think the answer should
always be yes, in order to keep ahead of events and to avoid the de-
velopment of clinical deterioration; they carry out C.A.T. soon after
admission on all patients who have impaired consciousness. We are not
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so sure about this. Already in several cases found unexpectedly to

have an intracranial haematoma we have pursued an expectant policy (8);
these patients have recovered satisfactorily, and the C.A.T. abnormality
has disappeared (Figs. 1, 2). We have had the confidence to do this
largely because intracranial pressure monitoring is available in our
Institute; we have used this to decide whether or not an unsuspected
haematoma represents a threat and requires treatment, or is a compen-
sated lesion which will resolve spontaneously. More cases will need

to be studied before we can determine if and when this decision can
safely be made on clinical grounds alone. Meanwhile we foresee a prob-
lem in management if C.A.T. becomes more widely available in general
hospitals. The price of earlier detection of life-threatening haematomas
could well be a number of false alarms about compensated clots. This
could cause difficulties for neurosurgeons with restricted facilities,
who might have to accept patients whose clinical condition would not
previously have justified transfer, but who have been found to have an
abnormal C.A.T. scan. Such a situation has already arisen as other non-
invasive techniques have become available in the context of limited
specialist experience; e.g. isotope scans and echoencephalograms both
yield a number of false positives from general hospitals. But in the
investigations of 'cold' conditions, such as epilepsy of late onset,
this does not cause a problem of the kind which could arise in the more
pressing situation of recent head injury.

C.A.T. in Patients without Haematoma

The main contribution of C.A.T. to the reduction of mortality and mor-
bidity in head-injured patients seems likely to derive from earlier,
safer and more reliable detection of intracranial haematoma. But C.A.T.
scanning may also show the development of cerebral oedema and its re-
sponse to treatment; contusions may be seen, and brain shifts due to
local swelling or oedema may be detected. What part serial studies may
play in the management and prognosis of head injury in general remains
to be seen, and must await the accumulation of many scans in associa-
tion with careful clinical assessment and follow-up. It is already ap-
parent that some seriously brain-damaged patients have a normal scan,
probably when the condition is due to widespread axonal shearing in
white matter with minimal gross pathology; this is also the type of
injury which occurs without skull fracture (1). For these reasons cau-
tion is needed in forecasting too much from this new investigation in
the management of the patient with diffuse injury.
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Fig. 1. Man of 66 years. a) C.A.T. 30 h after injury when already recovering con-
sciousness; right frontal intracerebral haematoma. Intracranial pressure normal
during next 48 h with continued clinical improvement. b) C.A.T. 7 weeks later; no
clinical signs; regarded as normal by the family

Fig. 2. Man of 37 years. a) EMI scan 5 days after injury when still disorientated
but improving; right temporal intracerebral and subdural haematoma; intracranial
pressure elevated but resolved over next 48 h. b) EMI scan 2 months later when well
recovered



C.A.T. and Angiography in Cranial Trauma
J. M. Caillé, F. Cohadon, S. Becke, and P. Constant*

The possibilities and the limitations of C.A.T. in pathology of the
brain, vascular, tumoral pathology, etc. are now well known. Certain
authors hold that C.A.T. is the ideal method for the investigation of
cranial trauma and that angiography is no longer necessary. We there-
fore compare the respective merits of angiography and C.A.T. in trau-
matic pathology.

Material and Methods

All the C.A.T.s were done on a first generation machine (Acta Scanner)
equipped with a 160 x 160 matrix. Each rotation gives two slices 7.5

mm thick and 3 mm apart. Rotation time is 4 1/2 min, which is of course
much too long for this category of patient. No contrast medium injec-
tion was given.

The angiograms were all carried out in the same way: direct puncture
of the carotid, injection of 8 to 10 ml of contrast agent, rapid serial
radiography.

We excluded patients with recent trauma who presented extradural hema-
toma and patients suffering from previous trauma being treated for
ventricular dilatation or post-traumatic epilepsy.

In all, 102 patients were examined, upon whom 102 C.A.T.s and 53 angio-
grams were carried out.

Analysis of 102 C.A.T.s (Fig.

1)

1st week 48
2nd week 22
3rd week 17
4th week 5
2nd month 4

Analysis of 53 angiograms (Fig. 2)

1st week 18
2nd week 20
3rd week 9
4th week 4
2nd month 3

In traumatology the different physical parameters characterising trauma

(force,

direction, point of impact, etc.) are of capital importance.

*
Service de Neuro-Radiologie Centre Jean Abadie, Bordeaux (France).
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It is unfortunately never possible to assess them accurately, much
less to quantify them precisely.

We thus chose our 102 patients from four clinical varieties using as
a criterion for selection the state of consciousness and its evolution.

First presentation: 34 cases

Initial loss of consciousness followed by a rapid return to conscious-
ness, with or without focal signs.

C.A.T.: 30 Angiograms: 13
1st week 19 6
2nd week 6 5
3rd week 4 2
4th week 1 0]

Second presentation: 27 cases

Initial loss of consciousness followed by obtundation lasting several
days and gradual return to normal consciousness.

C.A.T.: 22 Angiograms: 15
1st week 8 2
2nd week 9 8
3rd week 4 5

Third presentation: 19 cases

Initial coma with secondary aggravation requiring continuous mechanical
respiratory assistance.

C.A.T.: 19 Angiograms: 12
1st week 10 5
2nd week 2 4
3rd week 6 1
4th week 1 2

Fourth presentation: 22 cases

Initial deep coma requiring immediate mechanical respiratory assis-
tance.

C.A.T.: 13 Angiograms: 14
1st week 9 5

2nd week 5 3

3rd week 3 (¢}

4th week 2 1

2nd month 4 3

Results

1. Overall C.A.T. Results

6 C.A.T.s were uninterpretable because of movement artefacts.
7 were normal.
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13 were considered normal, although the clinical examination suggested
a hemispheric lesion. We considered these cases as false negatives.

5 were positive but the lesions found did not correspond with the clin-
ical picture (incomplete positive C.A.T.).

In all, 71 cases were positive, 69 with a supratentorial lesion and
two with lesions in the brain stem.

The nature of the lesions revealed by C.A.T. was: (Fig. 3)

Oedematous contusion 40
Haemorrhagic swelling 12
Intracerebral haematoma 9
Subdural Haematoma 6
Ventricular collapse 4

In 16 cases the lesions were multiple; in 7 cases they were bilateral.
The vast majority of the lesions were in the temporal, frontal or
fronto-temporal regions.

2. Overall Results of Angiography

In 9 cases angiography was normal despite a clinical picture suggesting
contusion (9 false negatives: 17%).

In 8 cases it showed a traumatic lesion but did not determine its
nature (haemorrhagic contusion, intra-cerebral haematoma) .

In 4 cases it did not show multiple lesions, showing only the most
obvious.

On the other hand, it easily confirmed 11 subdural haematomas although
C.A.T., carried out twice as often, showed only 6.

3. Results Related to the Clinical Forms: C.A.T.

First presentation: 34 cases

2 haemorrhagic swellings
18 oedematous contusions
7 normal C.A.T.s

Second presentation: 27 cases

haemorrhagic swellings
oedematous contusions
intracerebral haematoma
subdural haematoma
multiple lesions

N = b

Third presentation: 19 cases

haemorrhagic contusions
oedematous contusions
subdural haematomas
ventricular collapses
bilateral lesions

NN RO
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Fourth presentation: 22 cases

intracerebral haematomas

haemorrhagic swelling

oedematous contusions

subdural haematomas

multiple lesions

ventricular collapses

haemorrhagic lesions of the brain stem

NN IO - WUt

Discussion

With supratentorial lesions C.A.T. is incontestably more effective
than angiography:

71% positive results vs. 61%
14% false negatives vs. 17%
17% incomplete positives vs. 24%

Moreover, in none of our cases could angiography distinguish between
oedematous contusion, swelling and haematoma while C.A.T. made the
distinction without possibility of error.

In 16% of cases C.A.T. showed unambiguously the haemorrhagic nature of
the lesion and indicated exactly its extent and volume, while angio-
graphy showed only the vascular displacements.

Multiple or bilateral oedematous or haemorrhagic lesions are easily
shown by C.A.T.

After the 10th day it is very difficult to assess lesions using angio-
graphy alone. There are by then few, if any major vascular displace-
ments (28% of angiograms are normal after the 10th day).

C.A.T. also allows one to follow the evolution of size of the ventric-
les: in four children with deep coma there was ventricular collapse,
caused not by diffuse oedema but by an increase in cerebral blood
volume.

However, there are several points about this technique to go on the
debit side: subdural haematomas are at certain stages of their evolu-
tion difficult to recognise: although initially hyperdense, they become
isodense and then hypodense. After the 2nd week, if they are associated
with a contusion, or if they are bilateral, it is impossible to re-
cognise them. We missed five cases of subdural haematoma in this way.

C.A.T. showed only intratentorial lesions. In our series we found
haemorrhagic lesions of the brain stem only twice, although 22 patients
presented clinical pictures very suggestive of primary brain stem le-
sions (fourth presentation: deep coma necessitating urgent respiratory
assistance).

The quality of the C.A.T. does not always allow a precise analysis;
six of our C.A.T.s were uninterpretable and numerous others had move-
ment artefacts. In these conditions only intracerebral haemorrhagic
lesions are identifiable. Administration of general anaesthetic which
is sometimes necessary reduces the advantages of this technique.



72

However, C.A.T. does allow the establishment of certain clinicoana-
tomical correlations.

First presentation (initial loss of consciousness followed by rapid re-
turn to normal consciousness) is characterised by the reduced volume
of the contusion, the small number of haemorrhagic swellings, the high
number of normal C.A.T.s (7). (Fig. 4).

Second presentation (loss of consciousness followed by obtundation) is
characterised essentially by oedematous temporal or frontal contusions
of small volume - in five cases haemorrhagic swelling or haematoma.
Shift of the midline structures remains moderate (Fig. 5).

Third presentation (coma with secondary aggravation) is characterised by
very grave hemispheric lesions which are both large and numerous (7
cases of multiple lesions, 7 cases of bilateral lesions).

The two-phase clinical evolution, C.A.T. and angiographic findings
suggest that the lesions of the brain-stem are secondary to large hemi-
spheric lesions which compress the brain stem by the shifts which they
provoke (Fig. 6).

Fourth presentation (initial deep coma) most probably corresponds to a
primary lesion of the brain stem. Hemispheric lesions shown by C.A.T.
indicate the gravity of the trauma but would seem to be only coinci-
dental (Fig. 7).

A previous angiographic study of cerebral contusions showed the same
clinicoanatomical correlations but with vastly inferior precision as
to the number, volume and especially the nature of the lesions.

Conclusion

Though C.A.T. constitutes an undeniable progress in the means of study-
ing the number, volume and the oedematous or haemorrhagic nature of
intracranial lesions, considerable progress remains to be made before
we could be said to possess a completely satisfactory means of in-
vestigating this area: brain stem lesions are shown only exceptionally
and false negatives remain numerous. Technological progress will doubt-
less allow improved performance through such changes as more rapid
rotation and improved spatial and densitometric definition.
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48 22 17 5 4
Fig. 1 w

Fig. 1. Time distribution of C.A.T. examinations after head trauma: each block re-
presents 1 day. Cases above horizontal axis: positive results; cases below axis:
negative results. Lowest figure: number of cases per week

Y/

18 20 9 4
Fig. 2 w

Fig. 2. Time distribution of angiograms after head trauma (see Fig. 1 for explana-
tion)
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Fig. 3

Fig. 3. Examples of traumatic lesions seen at C.A.T.: top left: oedematous contusion;

top right: haemorrhagic contusion; bottom left: intracerabral haematoma; bottom
right: hypodense subdural haematoma

Fig. 4

Fig. 4. Typical C.A.T. findings in 'first presentation' (see text): left temporo-
occipital contusion with little swelling
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Fig. 5

Fig. 5. Typical C.A.T. findings in 'second presentation' (see text): right parieto-

occipital haemorrhagic contusion with moderate displacement of the bodies of the
lateral ventricles

Fig. ©

Fig. 6. Typical C.A.T. findings in 'third presentation' (see text): facial fractures

(fluid level right antrum), facial soft tissue swelling; haemorrhagic contusion
left temporal lobe and multiple intracerebral haemorrhages

Fig. 7

Fig. 7. Typical C.A.T. findings in 'fourth presentation'

(see text): brain stem
haemorrhage accompanied by contusion of the parietal lobe



Tumours Above and Below the Tentorium

The Radiological Management of Cerebral Tumours
V. Logue*

I have been asked to describe the radiological management of intra-
cranial tumours and the methods used in subjecting the clinical assess-
ment to radiodiagnostic analysis and the order in which the tests are
employed.

From the point of view of diagnostic requirements, there are two dif-
ferent breeds of neurosurgeon. On the one hand, there are those who
tend to apply a single radiological test and are mainly concerned with
the diagnosis of the site and possible size of the tumour, its ana-
tomical and vascular relationships being less relevant. On the result
of the one investigation, perhaps C.A.T., they are prepared to explore
the lesion and deal with, as they go along, its potential excessive
vascularity; its involvement with major arterial branches; possibly
through an access which may be limited by evocative brain or from what
is later proved to be the wrong side of the chiasm in suprasellar le-
sions.

I have a great deal of admiration for the spirit of adventure shown
by these talented surgeons, but I belong to a different school, which
wants to know as much as is possible about a mass lesion before em-
barking on surgery.

I would agree that in many cases a single examination may be adequate,
whether it be an arteriogram, air study or C.A.T., but when one is
performing precision surgery striving to reduce the mortality rate,
for instance among benign tumours, to less than 2% for the convexity
meningiomas, 2.5% for the pituitary adenomas, and to under 5% for the
acoustic neuromas, the very large, large and small, then one must have
precision radiodiagnosis.

It is the tumour with unusual features relating to its blood supply,
or its relationship to large vessels or evocative brain that tends to
add to mortality and morbidity rates and it is by knowing these pecu-
liarities beforehand that one can avoid the pitfalls. One cannot al-
ways recognise from one test these odd features in a particular case
and so the need to perform further contrast studies arises, and in
anatomical areas of particular difficulty one must employ them in ad-
dition, as a routine, in virtually all cases. It is typical, with in-
creasing use of C.A.T., to emphasise the risks and morbidity of the
invasive investigations, namely arteriography (particularly vertebral)
and pneumoencephalography, whereas previously it was popular to mini-
mise them. These still remain as small risks, but I should emphasise
that arteriography remains less invasive than any craniotomy and less
even than a burr-hole biopsy, and if it reduces the magnitude of the
surgical procedure or eliminates the Reed for it altogether, this has
been a gain for the patient.

*Gough Cooper Department of Neurological Surgery, The National Hospital, Queen
Square, London, WC1 (Great Britain).
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The real crux of radiological management therefore remains in the
weighing up of the small risks of arteriography and pneumoencephalo-
graphy as additional investigations against the advantages to be gained
for the patient at the time of surgery, and the extra risk to the pa-
tient if these tests are not performed.

I will now describe my own particular methods of management as an ideal
which stems from these personal prejudices, and for the attainment of
which I am assuming two things: unrestricted access to C.A.T. and un-
limited co-operation from my neuroradiological colleagues.

Computerised Axial Tomography

Computerised axial tomography has been available at the National Hos-
pitals for just 3 years and of a total of over 1100 brain tumours both
supra- and subtentorial which have been investigated during this time,
about 70% (and this is a very rough estimate) have been subjected to
C.A.T., so one is now able to begin to assess its reliability and its
accuracy and how it is being integrated into the radiodiagnostic ar-
mamentarium. The statistics on which I base my observations are pro-
vided by my radiological colleagues, to whom I am greatly indebted.

Diagnostic Management

I shall deal with the diagnostic management in this order:
1. Tumours involving cerebral hemispheres, intra- and extra-axial

2. Suprasellar and third ventricular areas, which I find provide par-
ticular difficulties

3. The posterior fossa

Finally, I shall describe the increasing application of radiodiagnostic
measures to management of the postoperative phase.

Tumours in the Cerebral Hemispheres

The first specific radiological investigation is that of C.A.T., al-
ways both with and without enhancement in all tumour suspects. It is
hardly necessary at this stage to emphasise that the introduction of
C.A.T. has not altered in any way the initial clinical approach to
diagnosis comprising the general, physical and neurological examinations
with skull and chest radiography.

The appearance on initial examination by C.A.T., excluding the rarer
tumours, are twofold, as shown in Table 1.

The ability to demonstrate multiple metastases or multiple gliomas is

a particularly valuable advantage of C.A.T., this single scan rendering
further cerebral investigations unnecessary for patients who are often
seriously ill and for whom there is little therapeutic help. However,
in a specialised neurological hospital one sees few of these cases:
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Table 1. Initial appearances of tumours of the cerebral hemispheres on C.A.T.

Multiple tumours

Metastatic with or without known 1° neoplasm elsewhere
Gliomas
Meningiomas

Solitary tumours

Metastatic with (54%) or without known 1° elsewhere
Glioma
Meningioma

only five cases of multiple metastases, eight of multiple glioma.in
the author's experience.

Multiple Meningiomas

Out of a series of 100 meningiomas analysed in some detail there was
a total of five cases of multiple meningiomas; the scan appearances
and the tendency for the tumours to be sited parasagittally or on the
falx rendered the diagnosis clear.

Solitary Tumours

Glioma

Metastasis (in 54% of cases in my series, the presence of a primary
tumour was known at the time of the scan).

In the surgical management of the cerebral hemisphere gliomas the sur-
geon has to live with two facts:

1. With the malignant gliomas of histological grades 3 and 4, radical
surgery and radiotherapy prolong life, in some cases only, by at most
2-3 months, thus increasing life expectation from the average of 8
months to 10, so there is little therapeutic scope for this group.

2. With the more benign gliomas, grades 1 and 2, treatment by partial
removal or lobectomy, often combined with radiotherapy, frequently
achieves a comfortable existence lasting up to many years.

In the radiodiagnostic management there are three questions to be an-
swered:

1. The site and size of the tumour and its relationship to evocative
brain

2. The precise nature of the neoplasm, if possible

3. The intrinsic vascularity of the neoplasm, and the relationship of
the major vessels in the vicinity - mainly a surgical requirement.

C.A.T. answers the first question in nearly every patient. It can an-
swer the second question in a number of cases, distinguishing between
the metastasis and glioma in a proportion of them, in addition to the
54% of metastases when the primary tumour is already known to be pre-
sent. It cannot however, distinguish reliably between gliomas grade 1,
2, 3 or 4.
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In order to recognise those malignant tumours associated with an in-
creased malignant vascular pattern one must use arteriography. Accept-
ing that 50% of the malignant gliomas present as avascular masses on
arteriogram, it is nevertheless of great value in the remaining 50%,
and if one sees a malignant pattern with arteriovenous shunting, one
tries to avoid any surgery, including biopsy, and the patient has
gained a little; although in a few of the cases one is forced into
palliative action.

In addition, the arteriogram in those cases suitable for surgery will
delineate the neighbouring major vessels as well as the tumour supply.

Bearing these points in mind, my present philosophy is for lesions
shown by C.A.T. to lie in the frontal lobes or postparietal zones,
relatively non-evocative areas not closely involved with the major
arterial trunks, there is usually no need for further radiological
tests and one can proceed to surgery. However, for a tumour in or near
evocative areas (the motor-sensory strip, speech zone, temporal or oc-
cipital lobes) arteriography, I find, is essential to show the blood
supply of the tumour and the relationship of major vessels in the vi-
cinity.

Radionuclide Scanning

The gamma scan I also find occasionally helpful in two situations. In
dealing with a solid tumour, glioma or metastasis which on C.A.T. has
the same density as the extensive peritumoral ocedema and by which its
outline is obscured, the isotope scan may often delineate precisely
the tumour mass and make needle biopsy, or indeed excision, more ac-
curately sited.

Secondly, with a high convexity tumour, the variable obliquity of the
C.A.T. cut may apparently falsify the position in relationship to the
skull, and the gamma scan may relate the mass more accurately to the
topography of the cranium.

Air studies are never used.

Meningiomas

Out of a series of 100 cases analysed in detail with C.A.T. 3 were
missed altogether and there were 11 false positive diagnosis, a dif-
ferent sort of tumour being present in each case. With the diagnosis
rate as accurate as this, many surgeons may operate without further
investigations. However, in my view, factors other than the stark
diagnosis need to be considered before proceeding to surgery.

Arteriography, with magnification if possible, is used to demonstrate
the features shown in Table 2.

With these investigations supplementing C.A.T., I find the surgical
approach and the manipulations required to remove the tumour rendered
much easier and thereby much safer.
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Table 2. Meningioma

The place of arteriography {(with magnification) in surgical management:

1. To indicate the degree of vascularity with the resulting potential technical
difficulties.

2. To delineate the local major arterial channels and their relationship to the
capsule so as to avoid damage during surgery.

3. To demonstrate the vascular supply of the dural attachment, thus defining the
tumour origin, particularly helpful with parasagittal, sphenoidal ridge and
posterior fossa tumours, (CP angle, clivus and foramen magnum) and to permit
embolisation in selected cases as a preliminary to surgery.

4. To define the relationship of parasagittal and falx tumours to the sagittal sinus
and the degree of obstruction; the course of the sagittal veins and the collateral
venous anastomosis on the surface of the hemispheres, which must be preserved;
with sphenoidal ridge tumours, the course of Sylvian veins and middle cerebral
arteries and constriction of the internal carotid.

5. To confirm the nature of the tumour by its vascular pattern.

Suprasellar and Third Ventricular Zone

This is an area in which inadequate radiographic delineation may well
influence the outcome of surgery very adversely.

The clinical probability of a lesion in the suprasellar-third ventri-
cular zone will have been suggested by the history, the examination

of the visual and ocular function in combination with metabolic studies
of the pituitary gland and the hypothalamus, together with the plain
X-rays of the skull. Again, C.A.T. as the first investigation will

show general features of the zone and the presence of a tumour in
80-85% of cases as a result of density of the tumour and its propensity
in some cases to enhance, its encroachment on the suprasellar cistern
and displacement of the third ventricle. This ratio may be higher still
with more detailed examination by multiple overlapping cuts. The pre-
cise nature of the lesion, however, is not recognised so readily and,
more importantly, C.A.T. will not define adequately the essential fea-
tures of the local pathological anatomy which, from the point of view
of the surgical approach, are more important.

One needs to know the precise relationships of these tumours to three
structures, as shown in Table 3.

Table 3. Prerequisites for surgical treatment of suprasellar tumours

Knowledge of the relationship of the tumour to:

1. The anterior cerebral-anterior communicating artery complex
a) to avoid damage to important branches;
b) to confirm that the dome of the tumour, although it may have extended in front
of the chiasm, is not situated above the anterior communicating vessel - when
perforating and recurrent branches might be in the line of surgical approach

2. The floor and cavity of the third ventricle

3. The chiasm and if possible (in association with the charting of the field defect)
to determine the former's degree of prefixation which will indicate whether a
sub-chiasmatic approach or a posterolateral one below or across the temporal lobe
is appropriate




81

Table 4. Pneumoencephalography in suprasellar and third venticular tumours

To delineate:
1. The optic chiasm and its relationship to the tumour
2. The degree of involvement of the third ventricle floor

3. The extent of the mass occupying the retrochiasmatic space

To determine:

4. Whether the neoplasm originates within the third ventricle or from below it
in the suprasellar zone

5. Whether the suprasellar extension (particularly with the cystic lesions) has
intruded into the third ventricle and whether this is accessible through the
foramen of Monro

Bilateral arteriography will give all the vascular information and
will also exclude the rare unsuspected aneurysm.

Pneumoencephalography with tomography is required in addition for the
reasons shown in Table 4. In my view, the pneumoencephalogram and very
occasionally the ventriculogram remain the final diagnostic arbiters
of the sella and the parasellar zone.

Posterior Fossa Tumours

The clinical presentation of a posterior fossa tumour needs no descrip-
tion. In this situation C.A.T. in adults is not as helpful as in the
supratentorial compartment.

Artefact is, for obvious reasons, more frequent, and although the
failure rate to recognise the presence of a tumour is low, neverthe-
less fourth ventricular and paraventricular neoplasms, if small, may
be missed. The recognition of the nature of the neoplasm and the dif-
ferentiation between metastasis, astrocytoma, ependymoma and medullo-
blastoma is frequently unclear, owing to their variable density and
variable enhancement.

Cystic neoplasms are readily recognised with, in many cases, a mural
nodule. This however may be a haemangioblastoma and as 20% of these
are small multiple lesions, which C.A.T. may not identify, arterio-
graphy is essential to locate all the tumours, to give the opportunity
of their removal at the same time as the cystic tumour.

Again, in the management of extrinsic tumours, particularly of the
cerebellopontine angle, the actual diagnosis is only one part of the
problem. In the surgery of these neoplasms the cause of death and
morbidity is usually interference with the vascular supply, particular-
ly the anterior and posterior inferior cerebellar vessels, occasionally
the superior cerebellar. I personally like to know the situation of
these arteries in relationship to an acoustic neuroma and meningioma
and also to recognise the anomalies in their distribution, particularly
the presence of a dominant posterior or anterior inferior cerebellar
arteries supplying both territories, which occurs in over 20% of our
cases, when interference with the main vessel carries a much greater
hazard. I also wish to know the degree of tumour vascularity, as this
will modify the surgical technique.
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For all these reasons I find it important to have vertebral arterio-
graphy performed and this test still remains for the present the es-
sential investigation in all posterior fossa tumours.

However, neoplasms within the fourth ventricle or paraventricular may
only eventually be recognised by pneumoencephalography or ventriculo-
graphy and these tumours with obstruction in the aqueduct constitute
the few remaining indications for this latter test.

Postoperative Management

1. Immediate: first 24 h postoperatively
2. Intermediate: 24 h to 1 month
3. Long term: 1 month onwards

C.A.T. has an increasingly important part to play in postoperative
management. However, this does not apply during the first 24 h after
operation when deterioration of conscious level usually indicates
compression by haematoma or massive oedema of an infarction, complica-
tions best dealt with by immediate reopening of the wound and evacua-
tion of the clot or the removal of infarcted brain. Events usually
happen too quickly for C.A.T. or any other radiological investigation
to play any part.

Intermediate Phase - 24 h to 1 Month

The possible causes of failure of the patient to improve or of actual
deterioration during this stage are well known:

1. Haematoma in the tumour cavity, subdural space or extradurally

2. Obstructive hydrocephalus following third ventricular or posterior
fossa surgery

3. Communicating hydrocephalus

4. Rapid tumour recurrence

5. Persisting oedema from an infarction

All these are easily recognisable by C.A.T.

C.A.T. has taken over completely from arteriography or ventriculography
in this analysis, and although it must be accepted that much artefact
may be present due to metal clips, elevated or depressed bone flaps

and shunt tubes, it is nonetheless invaluable.

The important feature in monitoring the postoperative recovery is that
C.A.T. gives the opportunity of investigation at the very first sign
of interruption of the recovery course or at the slightest evidence

of deterioration.

Long Term Management

Apart from hydrocephalus, this is lafgely concerned with recurrent
growth of gliomas and meningiomas. In the daunting field of glioma
surgery, C.A.T. may well change our attitude to recurrent growth of
those astrocytomas of pathological grades 1 and 2 (little can be done
for the really malignant tumours, as mentioned earlier) and also per-
haps for the oligodendroglioma. Previously long-term management of
patients with gliomas had not been very dynamic in this country because
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confirmation of recurrent tumour growth required hospital admission
and invasive neuroradiological investigations. For this reason rein-
vestigation was usually delayed until tumour extension was massive
enough to raise intracranial pressure and produce progressive neuro-
logical signs, or both. At this late stage surgery was either not
feasible or, if carried out, often produced a fatality or increased
morbidity. As a result, very little re-explorative surgery was per-
formed.

With C.A.T. to demonstrate tumour recurrence at an early stage one is
in the position to propose reoperation before major symptoms reappear.
In some cases, of course, tumour infiltrates the surrounding brain
widely, but in others it tends to grow largely into the cavity created
by previous surgery and may be removed without necessarily adding to
the disability.

The protocol I have adopted is to perform the C.A.T. about 1 month
postoperatively when the healing processes are completed, and this can
be compared with subsequent scans taken at regular intervals, say 6-
monthly depending on the previous history of the tumour, and surgery
can be proposed before major symptoms reappear. It will take time to
work out the long-term value of this approach.

The main problem,if uncommon, is that of radionecrosis, which may show
exactly the same attenuation features as glioma recurrence and may en-
hance. However, a radionecrotic area often presents as an expanding
lesion when surgical removal is often beneficial.

Gamma Scan

The radionuclide scan has been of little help in this field in the past
owing to the permanent and misleading changes following surgery seen
around the bone flap and in the brain itself.

Meningiomas

With these tumours C.A.T. is of greater value and this is exemplified
for instance in the well-known problem of the recurrent parasagittal
tumour. A patient goes for several years postoperatively and then de-
velops headache, or fits for the first time, or seizures which, having
been present since surgery, become more frequent or more severe, often
unaccompanied by neurological signs. These symptoms are not necessarily
indicative of tumour regrowth. Arteriography, on which we previously
relied for diagnosis was notoriously fallible in this situation, but
C.A.T. can show unequivocally the site and size of any recurrence.

Again, the protocol is to take a scan at 1 month postoperatively and
then repeat it at 6-monthly intervals. I am prepared to reoperate long
before any fresh signs or symptoms appear in an attempt to avoid fur-
ther tumour involvement of the sagittal sinus, when the whole outlook
for further recurrence and indeed survival is rendered significantly
worse, and I am now prepared to reoperate in recurrent meningiomas in
any site, before major symptoms reappear and when it is easier and
safer to remove them.

These trends may well alter our whole attitude to tumour follow-up.
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Conclusion

These are times of great change in the field of neuroradiology, with
the promise of greater changes to come. However, for the foreseeable
future there will remain a great deal of work for the neuroradiologist
as the surgeon will still require his sophisticated arteriograms and
air studies for selected areas.

I would even suggest we do not take out all the radionuclide scanners;
there are some aspects of diagnosis in which they are still useful as
a complement to C.A.T. I think it also wise for any neurosurgical de-
partment to ensure that they retain one surgeon on the staff who is
capable of performing a competent ventriculogram.

My personal views on radiological management of brain tumours are sum-
marised in Table 5.

Table 5. Radiological management of cerebral tumours

Initial examination

C.A.T. scan, with and without enhancement in all tumour suspects

Complementary examinations
Arteriography

For: solitary intra-axial, hemispheral tumours in evocative regions
To show degree of vascularity and relationship to major arteries

Sellar and suprasellar tumours:

To demonstrate relationship to anterior cerebral/anterior communicating
arteries

To exclude aneurysm

All meningiomas

All posterior fossa tumours:
To reveal degree of vascularity; vascular supply, relationship of major
arterial branches

Pneumoencephalography

For: sellar and suprasellar tumours:

To show relationship of third ventricle and chiasm, and any intraventri-
cular extension

Third ventricular tumours

Fourth ventricular tumours

Radionuclide scan

For: locating a neoplasm in an area of peritumoral oedema as shown on
C.A.T.

localising a tumour on the high convexity of hemisphere and relating it
to skull topography

Ventriculography: air/positive contrast

Occasionally for third ventricular tumours, aqueduct stenosis, fourth
ventricular tumours




Computerised Axial Tomography in Supratentorial Gliomas
and Metastases
L. E. Claveria, B. E. Kendall, and G. H. du Boulay*

It is now well established that Computerised Axial Tomography (C.A.T.)
is a highly sensitive system and its non-invasive characteristics have
made it a better method of investigation in tumour suspects than any
other conventional technique. The purpose of this study was to analyse
the reliability of C.A.T. in the diagnosis of intrinsic cerebral tumours
in detecting the presence of a lesion within the cerebrum, in defining
its localisation and in predicting the specific nature of the tumour.

Material and Methods

We reviewed the first 6500 C.A.T. scans performed in the National Hos-
pital with a 160 x 160 matrix scanner. The scans and notes of those
patients in which the original radiological reports had suggested a
glioma or metastasis were selected as were the records of all other
patients with a pathologically proven diagnosis of glioma or carcinoma.

1. All these C.A.T. scans were reassessed without any other information.

2. All scans were then again reviewed with full clinical information
and the findings correlated with the results of other studies and the
histological diagnosis.

The gliomas were classified according to their pathological type and
gliomas were subdivided into benign (Kernohan Grades I and II) and
malignant (Kernohan Grades III and IV). The morphological appearances

on the C.A.T. scans were recorded and, depending on the dominant fea-
ture, the tumours were classified as cystic (Fig. 1), solid (Fig. 2),
mixed (Fig. 3) (i.e. both cystic and solid components) and infiltrating.
The term 'cystic' was used to describe a well-defined region of low
attenuation, and does not necessarily imply fluid content, (3), because,
for example, necrotic solid tissue may also show low attenuation co-
efficients. Infiltrating tumours were those where the margins of the
tumour were illdefined both before and after intravenous contrast in-
jection. Depending on their behaviour after the administration of intra-
venous contrast medium, the tumours were also subdivided into four
groups, viz - those with irregular enhancement (Fig. 1), homogeneous
anhancement (Fig. 2), a mixture of both the former types of enhancement
and finally those in which no enhancement occurred. On the original
radiological reports and again on the retrospective analysis the tumours
were reclassified into those in which a correct diagnosis had been made,
those which the correct histology had been suggested as part of a dif-
ferential diagnosis and those in which the diagnosis was incorrect.

*Lysholm Radiological Department, The National Hospital, Queen Square, London WCIN
3BG. (Great Britain).
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The results are shown in Tables 1-7. An attempt has been made to cor-
relate the pathology with the morphological characteristics and en-
hancement patterns, and each of these has been assessed in relation to
the accuracy in predicting a specific histological diagnosis on C.A.T.

Table 1. Material analysed

A. Computerised axial tomography series

Total number of C.A.T. scans performed: 6500 No. of cases (%)
C.A.T. diagnosis of glioma 242 100
Glioma verified histologically 163 67
Unverified by biopsy 47 19
Another pathology confirmed (false positive) 32 13
C.A.T. diagnosis of metastasis 62 100
Metastasis verified histologically 17 27
Unverified, but primary malignancy proven 4 6
Another pathology confirmed (false positive) 41 66

B. Pathology Series

Histologically verified gliomas 179 100
Accurately diagnosed on C.A.T. 163 91
Lesion shown on C.A.T., but another pathology

predicted (false negative) 15 8.4
No lesion shown on C.A.T. 1 0.6

Histologically verified metastases 25 100
Accurately diagnosed on C.A.T. 17 68
Lesion shown on C.A.T., but another pathology

predicted (false negative) 8 32

Table 2. Gliomas: Incidence of manifestations in each type and grade of tumour

Astrocytoma (%) Oligodendroglioma (%) Total (%)

I-II IIT-IV I-1I ITI-IV
Calcification 11 (31) 9 (8) 7 (70) 5 (45) 32 18
Oedema 30 (83) 106 (90) 5 (50) 10 (91) 151 84
Midline shift 31 (86) 95 (81) 8 (80) 9 (82) 143 80
Obliteration of ventricle 34 (94) 109 (92) 8 (80) 11 (100) 163 91
Hydrocephalus 22 (61) 37 (31) 6 (60) 3 (27 68 38
High attenuation 7 (19) 18 (15) 2 (20) 1 (9) 28 17

Discussion

Detection of a Lesion

From our analysis it is obvious that it is rare to overlook an intra-
cerebral supratentorial neoplastic lesion, (Table 1). There was only
one such proven case in our series and we are aware of only two other
similar cases since this study was completed. However, the period of
follow-up is too short (6-18 months) to exclude latent lesions unde-
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Table 3. Gliomas: Incidence of types related to contrast enhancement (130 cases)

Astrocytoma (%) Oligodendroglioma (%) Total (%)
I-II ITII-IV I-II III-IV
Irregular 14 (61) 74 (80 5 (63) 5 (71) 98 75
Homogeneous 4 (17) 14 (15) 2 (25) 2 (29) 22 17
Mixed 1 (4) 1 - - 2 2
Negative 4 (17) 3 (3) 1 (13) - 8 6
Total number of 93 92 8 7

cases

Contrast not given 49

Table 4. Metastases: Incidence of manifestations

o0

No. of cases (

Systemic neoplasm evident 19 66
Multiple 9 31
Oedema 27 93
Midline shift 20 69
Obliteration of ventricle 27 93
Hydrocephalus 5 17
High attenuation 18 62
Low attenuation 8 29
Irregular attenuation 8 29
Calcification 0] 0]
Enhancement

Homogeneous 17 61
Irreqular 6 21
Negative 0] 6}
Not given 5 18
Tumour components

Cystic 7 25
Solid 19 68
Mixed 2 7
Infiltrating (e} (e}

Table 5. Supratentorial gliomas: Comparison of initial radiological and retrospective
C.A.T. diagnosis without clinical information

Initial Correct 119 (66%)
C.A.T. Within differential diagnosis 44 (25%)
Diagnosis Incorrect 16 (9%)
Retrospective Correct - 163 (91%)
C.A.T. Within differential diagnosis 11 (6%)
Diagnosis Incorrect 5 (3%)

tected by C.A.T. scan, which may later become obvious from progression
of clinical signs. It should be noted that we have not attempted in
this study to analyse those cases in which an equivocal report has
been given, usually because of artefact or minor anatomical asymmetry,
failing to exclude the presence of a tumour. In these cases tumour was
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Table 6. Retrospective diagnoses®

Enhancement Tumour component Correct (C) Differential Incorrect Overall

(D) diagnosis (I) accuracy
Cystic 38 (39%) 37 (97%) 1 (39%) -
Solid 10 (10%) 9 (90%) - 1 (10%)
;griggi?r Mixed 38 (398) 35 (92%) 3 (8%) - 25% D4% L
Infil. 12 (11%) 12(100%) - -
Homogeneous Solid 22(100%) 17 (77%) 3 (14%) 2 (9%) 77% 14% 9%
22 (17%)
Mixed Ccyst 1 (50%)  1(100%) - -
2 (2%) Infil. 1 (50%) - 1 (100%) - 50%  50%
Cystic 3 (38%) 3(100%) - -
. Solid 2 (25%)  2(100%) - -
ge?zzive Mixed 1 (13%)  1(100%) - - 100% -
Infil. 2 (25%)  2(100%)
Cystic 15 15(100%) - -
Mot aiven Solid 11 8 (73%) 2 (18%) 1 (9%)
a9 g Mixed 11 10 (91%) 1 (9%) -
Infil. 11 10 (91%) 1 (9%) -
Normal 1 b3

aMore detailed analysis of retrospective diagnosis of glioma related to enhancement
and morphological features. All cases in column C were correctly diagnosed as gliomas
on retrospective review. In column D are cases in which the correct tumour type was
identified as one of several given in differential diagnosis.

Table 7. Supratentorial metastases: Comparison of initial radiological and retro-
spective C.A.T. diagnosis without clinical information

Initial Correct 9 (31%)
C.A.T. Within differential diagnosis 12 (41%)
diagnosis Incorrect 8 (28%)
Retrospective Correct 17 (59%)
C.A.T. Within differential diagnosis 3 (10%)
diagnosis Incorrect 9 (31%)

excluded either by clinical correlation or by a normal follow-up scan.
We estimate that such cases constitute no more than 5% of our negative
material.

These results endorse the view that as a screening procedure for sus-
pected tumour within the supratentorial compartment, C.A.T. performed
both before and after contrast injection is the most accurate single
diagnostic procedure available. (2)

Localisation and Extent of Tumour

For accurate localisation of a lesion it is important to be able to
relate the position and angle of the head to the internal structure

of the brain. We have as yet no reliable method of precisely indicating
head position and have relied on the documentation of the angle of the
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cut and measurements taken from the orbitomeatal line. With this in-
formation, it is usually possible to localise the tumour with a suf-
ficient degree of accuracy for management. In certain regions, such

as the high parietofrontal, surgeons may experience difficulty in lo-
calisation, and other procedures such as isotope scanning and angio-
graphy have been requested for this purpose. We now find it useful to
place a plastic marker (which is visible on the scans) over the approx-
imate line of the coronal suture in these cases to indicate the posi-
tion on the patient's head. The precise location and extent of tumour
tissue may not be demonstrable in lesions which do not enhance after
contrast injection and are infiltrating, so that the tumour cannot be
demarcated from adjacent brain or, if it is of low attenuation, from
surrounding oedema. In these cases isotope scanning and angiography

may provide the localising information necessary for a burr-hole biopsy
to be taken.

In this series, however, 8 patients with infiltrating tumours on C.A.T.
had isotope scans, of which 4, including one Grade III astrocytoma,
were negative. Angiography was performed in 10 of these patients but
only 1 had pathological circulation.

Surgeons planning resection of a lesion may require angiography, not

for localisation or pathological diagnosis but merely to show the re-
lationship of major vessels to the lesion, especially if the tumour
involves an evocative cortical area. It is often difficult in retrospect
to decide precisely why studies other than C.A.T. have been requested.
The fact that such studies were performed in 80% of our supratentorial
tumours is certainly not a measure of lack of confidence in C.A.T.
diagnosis.

Specific Diagnosis of Nature of Tumour

Re-scanning after intravenous contrast was performed in 80% of these
cases. On scans prior to contrast an accurate diagnosis of glioma was
made in 71%; this was increased to 90% after contrast. Enhancement had
its greatest value, however, in displaying the components of the neo-
plasms. For example 'cysts' were evident in 37% of gliomas before en-
hancement and in 64% after enhancement and the proportion of apparently
infiltrating gliomas was reduced from 34% before enhancement to 10%
after it. Intravenous contrast was also valuable in displaying further

unsuspected metastases when a solitary tumour was shown on the plain
scan.

We attempted to predict the histology of tumour from C.A.T. appearances
by consideration of their morphological features and their enhancement
patterns (Tables 2, 3, 4 and 6). This work has previously been re-
ported in some detail (1) and will only be briefly summarised.

The great majority of our glial tumours have shown as masses of mixed
attenuation in which the Hounsfield unit values were within or below
the normal range. Enhancement also tends to be irregular; it is usually
of greater degree than normal brain but less than that of meningiomas
and many metastases.

Metastases were usually homogeneous, well-demarcated masses with sur-
rounding oedema and 62% were of increased attenuation compared with
only 17% of gliomas. However, comparison of the tables shows that there
is a considerable number of cases of each type of tumour with C.A.T.
features more commonly found in the others and distinction between

some of them on C.A.T. findings alone is not possible. Failure to ap-
preciate this fact was a major cause of misdiagnosis, accounting for
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the high rate of false positives in the metastatic group (Fig. 4) (and
false negatives in the glioma group) on the original reports due to
the inclusion of many of those gliomas with a homogeneous pattern of
increased attenuation (13 cases) in this group. Similarly, the false
negatives among the metastases were tumours showing features more com-
monly found in gliomas, such as irregular attenuation (8 cases) or
large neoplastic cavities (5 cases) (Fig. 5) which often led to false
positive diagnosis of glioma (5 cases).

An important factor in distinguishing metastases, which should decrease
the number of incorrect diagnoses on clinical correlation, was that a
primary neoplasm was evident in two-thirds of these lesions. After due
consideration of other pathologies, such as multiple infarcts and in-
flammatory lesions, multiple intracerebral masses were always consid-
ered to be metastases; this premise caused an error in diagnosis in

two multifocal gliomas.

Calcification in gliomas was helpful in excluding metastases, but in
two cases dense calcification in peripheral tumours made angiography
necessary for exclusion of meningioma. Three peripheral metastases were
indistinguishable from meningiomas and conversely four meningiomas
with atypical features, such as marked cystic degeneration, irregular
enhancement, excavation into the brain to a degree suggesting an intra-
cerebral tumour or extremely marked intracerebral oedema, could not

be reliably categorised on C.A.T.

Although oedema was present in 93% of metastases and 84% of gliomas, in
general, though by no means invariably, it was more marked with metas-
tatic tumours in proportion to their size. Midline shift was slightly
less common in metastases, because of the balancing effect of bilateral
lesions. Ventricular narrowing, which is also a manifestation of mass
effect, was equally common with both types of tumour.

Cerebral swelling in non-tumourous conditions sometimes caused diag-
nostic difficulties. Thus, infarcts during the first 2 weeks after
onset resulted in false positive diagnosis of tumour in four cases

and glioma was included in differential diagnosis in four others. There
was considerable mass effect in all these cases and all showed enhance-
ment (Fig. 6). These features of infarction are now well documented

(4) and they caused little difficulty in retrospective diagnosis. This
important error is usually at least suspected on clinical correlation
and doubt can be resolved by angiography in a proportion of cases in
which typical vascular changes are shown.

The only other major source of error was radionecrosis, which in three
cases caused the partial enhancement of mass lesions indistinguishable
from progression of growth in gliomas which had previously been treated.
Angiography showed only avascular swelling and is unhelpful in specific
diagnosis prior to excision which is the recommended curative therapy
in regions where this is applicable.

Other false positive diagnosis were made in isolated examples of many
pathologies. None of these were typical of tumour which was usually
only mentioned in differential diagnosis and in none of them was the
C.A.T. diagnosis accepted as the basis of specific clinical management.

Hydrocephalus in the gliomas was usually due to obvious involvement
of the supratentorial midline CSF pathways. In metastases it was most
frequently associated with further lesions in the posterior fossa.



91

Distinction between Types and Grades of Glioma

Tables 4 and 6 show that calcification and homogeneous enhancement were
more frequent in oligodendrogliomas and that oedema was less likely

in low grade oligodendrogliomas. Calcification and hydrocephalus due

to encroachment on CSF pathways were also more frequent in low grade
gliomas and irregular enhancement in high grade astrocytomas. However,
distinction between the various primary cerebral tumours was unsatis-
factory in individal cases on C.A.T. alone. Consideration of age, clin-
ical course up to time of C.A.T. and plain X-ray changes increased
considerably the likelihood of correct diagnosis.

During the period of this study the influence of C.A.T. on the manage-
ment of patients has been changing. In the early stages, most cases
were also subjected to angiography and biopsy, the latter procedure
carrying a considerable morbidity. Now many high grade gliomas, espe-
cially in evocative areas are diagnosed without surgical intervention,
unless this is indicated as part of the therapy; the proportion of
cases investigated by C.A.T. alone has increased from the average of
20% up to 25% in the last 9 months of the study. The value of follow-
up C.A.T. in differential diagnosis of tumour from non-progressive or
resolving lesions has also become established and has to some extent
replaced angiography when the clinical problem does not demand urgent
solution.
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Fig. la and b. Cystic astrocytoma. (a) Plain scan. Right posterior temporal tumour,
of mixed, but mainly low attenuation causing marked mass effect.

(b) After intra-
venous contrast. Irregular marginal enhancement

Fig. 2a and b. Solid astrocytoma. (a) Plain scan. Mass of brain density displacing

calcified right choroid plexus anteriorly. (b) After intravenous contrast. Homo-
geneous enhancement

Fig. 3a and b. Mixed solid and cystic astrocytoma. (a) Plain scan. In left frontal

lobe, mass of higher attenuation than brain anteriorly and low attenuation posterior-
ly. (b) After intravenous contrast. Enhancement anterior part of mass and rim en-
hancement of cystic posterior component
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Fig. 4a and b. Glioma. (a) Plain scan. Low density lesion right parietal lobe. (b)

After intravenous contrast. Well demarcated enhancement with small central low at-
tenuation region and surrounding oedema

Fig. 5a and b. Metastasis, originally diagnosed as glioma on C.A.T. (a) Plain scan.

Thick-walled ring shadow of slightly increased attenuation with surrounding low at-
tenuation in right parietal lobe. (b) After intravenous contrast. Enhancement of

ring showing irregular thickness characteristic of malignant neoplasm

Fig. 6a and b. Infarct left temporal and posterior frontal lobes 14 days after onset.

(a) and (b) After intravenous contrast. Large low attenuation mass with patchy en-
hancement



Intracranial Epidermoid and Dermoid Tumours
R. A. Fawcitt and I. Isherwood*

Introduction

It is proposed to discuss intracranial epidermoid and dermoid tumours,
emphasising the radiological appearances demonstrated on plain radio-
graphy of the skull, contrast examinations and computerised axial
tomography.

The first record of such a tumour is that of VERATTUS (19) in 1745 who
recorded at necropsy a brain tumour containing masses of hair. In 1829
CRUVELHIER (3) described a growth in the basal cisterns of the brain
with an external surface of "metallic sheen like silver or a pearl of
the finest water". The contents of the growth "presented all the char-
acters of cholesterin". Because of their striking appearance he called
them pearly tumours. MULLER (12) in 1838 reported another -two.examples
and because of their content named them cholesteatomas. VIRCHOW (20)
in 1855 favoured again the term pearly tumours. VON REMACK (14) in
1854 suggested that these tumours arose from misplaced epithelial tis-
sue; this was substantiated by BOSTROEM in 1897 (1).

The origin of what DANDY (5) described as "the most beautiful tumour
in the body" is generally accepted to be due to abnormalities of closure
of the neural tube in the 3rd to 5th weeks of embryonic life.

Histologically, epidermoids and dermoids are cystic tumours with a
thin capsule of epidermis or dermis. Desquamation fills the epidermoid
tumour with epithelial debris and cholesterin crystals, while the der-
moid includes also sebaceous material and hair within its cavity. Der-
moids more commonly than epidermoids may show mural calcification.

Incidence and Distribution

CUSHING (4) cited epidermoids and dermoids as constituting 0.75% of

his series of 2023 intracranial tumours. CASTELLANO and RUGGIERO (2),
quoting Olivecrona's series, reported a similar incidence of 0.85%.
Intracranial epidermoids usually present in the fourth, fifth and sixth
decades of life, whereas the dermoids are reputed to be most frequent
in the first decade of life.

Pearly tumours occur in four sites intracranially:

In the region of the petrous apex and cerebellopontine angle
In the suprasellar region

In the cerebral hemispheres

Associated with the cerebellum and fourth ventricle

KRN RN

*Department of Neuroradiology, Manchester Royal Infirmary.
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Material and Method

We have recently reviewed 22 intracranial dermoids and epidermoids in
adolescents and adults collected over the last 20 years from the De-
partment of Neuroradiology, Manchester Royal Infirmary. The anatomical
distribution of these tumours is listed:

1. Cerebellopontine angle and petrous bone: 7 dermoids (7)
2. Suprasellar: 4 epidermoids
1 dermoid (5)
3. Intracerebral (including intraventricular):
Frontal 3 epidermoids
2 dermoids
Parietal 1 epidermoid
Temporal 2 epidermoids (8)
4. Cerebellum and fourth ventricle: 2 epidermoids (2)

Age distribution by decades is:

11-20 21-30 31-40 41-50 51-60 61-70

Epidermoids 1 2 4 7 4 1
Dermoids - 1 - - 2 -

Previous reviews include those by LOVE and KERNOHAN (9), MAHONEY (11),
TYTUS and PENNYBACKER (18) and McCARTHY et al. (10).

Present Series

Radiological Investigations

All patients had plain films of the skull and underwent further neuro-
radiological examinations according to the site of the suspected tu-
mour.

Two patients have been investigated by means of C.A.T. preoperatively
and six patients postoperatively. This investigation has, we believe,
demonstrated typical appearances which will be described below.

Radiological Appearances

The radiological appearances of the intracranial dermoid and epidermoid
will be considered according to site.

Cerebellopontine Angle and Petrous Bone

Of the seven cases encountered, four displayed marked erosion of the
petrous bone, but of these three showed negative air encephalograms or
Myodil ventriculograms.

Only 1 showed the typical appearance of the cerebellopontine angle
epidermoid, bony erosion with the irregular tumour mass. This was in

a 55-year-old woman with a right cerebellopontine angle syndrome. Plain
film showed smooth erosion of the petrous apex and air encephalography
showed the irregularly outlining 'cauliflower' mass, with air in the
interstices of the tumour, displacing the midbrain and cerebellum.
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C.A.T. of a similar case after several postoperative recurrences showed
an extensive cerebrospinal fluid density area containing an ill-defined
area of slightly higher density with marginal calcification extending
from the right cerebellopontine angle to the temporal and occipital
lobes (Fig. 1). At post mortem an extensive epidermoid tumour was de-
monstrated throughout this region.

Bone erosion may occur either in the apex or in the middle third of
the petrous bone where Stenver's view and a-p tomography show a smooth
defect in the mid portion of the right petrous bone with no sclerosis.
Air encephalography was essentially negative. The bone erosion of the
petrous apex may be demonstrable on C.A.T.

In the three cases showing no bony erosion, the radiological appear-
ances were those of a non-specific cerebellopontine angle tumour.

Suprasellar Tumours

Of five cases, three were confined to the suprasellar region. The two
suprasellar epidermoids showed flattening of the tuberculum sellae or
erosion of the posterior clinoids, this not being shown by the more
distantly placed dermoid. In only one case (on post-operative follow-
up) was the irreqular tumour outline seen which would give any radio-
logical clue to the diagnosis.

In that particular case:

1960 - Skull radiograph showed flattening of the tuberculum sellae and
erosion of posterior clinoids. A right carotid angiogram showed eleva-
tion of the anterior cerebral artery. An air encephalogram demonstrated
a suprasellar mass. At operation a right suprasellar primary epidermoid
was found.

1973 - Follow-up air encephalogram demonstrated an irregularly out-
lining suprasellar mass extending anteriorly and bilaterally, demon-
strated on coronal and sagittal tomography. This lady died recently,
15 years after her first investigations, with a recurrence of the tu-
mour extending throughout the suprasellar subarachnoid cisterns and
into the Sylvian fissures. C.A.T. in the later stages of her illness
showed extensive low (CSF) density areas throughout the basal cisterns
corresponding to the extent of the tumour (Fig. 2).

Of the two epidermoids with an intrasellar component, one showed on
plain films calcification in an expanded sella. Air encephalogram de-
monstrated tumour extending superiorly through basal cistern into

the third ventricle on sagittal and coronal tomography. At operation

the tumour was tethered to the hypothalamus with collagenous elements
and calcification in its wall. C.A.T. on a patient with a similar supra-
sellar epidermoid showed an extensive suprasellar mass of CSF density
corresponding to a recurrence (Fig. 3).

Intracerebral Tumours

0f the eight tumours, six showed definite vascular displacement but no
pathological circulation. Three (one postoperatively) showed the clas-
sical irregular outlining of the interstices of the tumour by air.
Both dermoids and one epidermoid showed irregular calcification. The
two dermoids showed distinctive appearances on pre-operative C.A.T.
and these cases are described in more detail.
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Case E.B.

A 54-year-old female had been 44 years in a mental institution. Plain
skull radiographs showed curvilinear irregular calcification in the
left frontal region with an associated low density area. At air ence-
phalography air passed initially only over the surface of the brain.
Delayed films showed air within a partially calcified mass in the left
anterior fossa which extended to displace the anterior horn of the

left lateral ventricle. Ventricular dilatation was present. Coronal
anterior fossa tomography showed erosion of the lesser wing of sphenoid
with air surrounding the irregular tumour mass. Horizontal beam films
revealed an air/fat/CSF level in the right lateral ventricle, confirmed
on tomography. C.A.T. showed a low density area in the left frontal
region with calcification peripherally and a fluid level in the right
frontal horn (Fig. 4). By altering window width and levels it was pos-

sible to demonstrate the heterogenous low density tumour (um = -10 to
-40) adjacent to the left frontal horn and one can separate out the
fat/CSF level in the right frontal horn (um of fat = -60 to -70).

At operation there was a communication between this left frontal dermoid
tumour and the left lateral ventricle, through which fluid fat flowed
from the ventricular system. We believe that these radiological appear-
ances of intraventricular fluid fat have not been previously published
and are unique to this type of tumour.

Case R.A.

A 22-year-old male presented with what was clinically thought to be

a post-traumatic epileptic fit. C.A.T. showed a well-circumscribed low-
density area in the right frontal region with a small area of calcif-
ication on the anteriomedial border. The density of the cyst was less
than CSF (Fig. 5). Analysis of the C.A.T. showed much of the mass to

be approximately -16 Hounsfield units. A smaller area of =30 Hounsfield
units is demonstrable, representing fat (Fig. 6). At operation this
lesion was confirmed to be an extensive, pearly white dermoid tumour

in the right frontal lobe, arising from the midline.

Calcification in the parietal epidermoid was readily demonstrable on
C.A.T. but there was no associated low density lesion either of CSF
of fat density.

Cerebellum and Fourth Ventricle

Both patients showed obstruction to outflow of CSF from the fourth
ventricle, one by a tumour in the vermis, the other due to an intra-
ventricular tumour within the fourth ventricle. The intraventricular
epidermoid in a 69-year-old woman produced dilated lateral ventricles
and fourth ventricle with an irregular filling defect within the en-
larged fourth ventricle.

Discussion

In the investigation of a lesion occupying intracranial space a small
proportion, e.g. not more than 0.5-1%, of tumours will be due to intra-
cranial epidermoids or dermoids.
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In two areas debate has arisen on the nature or origin of ‘'choleste-~
atomas'. Firstly, in the region of the petrous bone, where different-
iation must be made between those arising as a result of middle ear
disease producing local erosion of the attic or tympanic spur, and
the true primary epidermoid tumour.

The second area for debate has arisen in the differentiation of cystic
craniopharyngiomas and suprasellar epidermoids (15). Histologically,
however, the craniopharyngiomas show a typical reaction in the sur-
rounding glia with tadpole-shaped Rosenthal bodies in the astrocytic
cells. They also show a histochemical differentiation, with the pre-
sence of high alkaline phosphatase activity in the epithelium (absent
in that of the epidermoid) (16, 17).

Summary

Finally, what are the best radiological investigations to carry out

on the patient with a suspected dermoid or epidermoid tumour? On plain
skull films, calcification is an inconstant feature (visible in 7 of

our 22 cases) (8, 10). At certain sites, bone erosion may occur. Angio-
graphy may demonstrate an avascular space occupying lesion, so providing
no valid indication of pathology. The air encephalogram produces the
'typical' appearance in only a small proportion of cases of intraven-
tricular (7) and extraventricular tumours (five cases in our series).

Of the patients with epidermoid tumours who underwent C.A.T. three
patients showed extensive low (CSF) density lesions commensurate with
the recurrent tumour (6). In one of these, an area of slightly higher
density within this low density was seen. Two patients showed no ev-
idence of recurrence on C.A.T., while the final patient showed only
parietal intracerebral calcification. In the case of the intracranial
dermoid tumour, we believe that C.A.T. may produce pathognomonic ap-
pearances, as we have demonstrated above.

'
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Fig. 1. Recurrence of right cerebellopontine angle epidermoid, extending into tem-
poral and occipital lobes

Fig. 2. Recurrence of a suprasellar epidermoid, extending bilaterally into both
sylvian fissures

Fig. 3. Recurrent suprasellar epidermoid, confined to suprasellar region

Fig. 4. Left frontal dermoid, with mural calcification and fat/CSF level in the
right frontal horn
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Fig. 5 Fig. 6
Fig. 5. Right frontal dermoid of less than CSF density

Fig. 6. Same tumour as in Fig. 5 with altered window level and window width showing
heterogeneity. Densities measured at -16 and -30 Hounsfield units



Meningiomas Diagnosed by Scanning:
A Review of 100 Intracranial Cases
D. Sutton and L. E. Claveria*

Meningiomas are among the commonest intracranial tumours. The diagnosis
is frequently suspected on clinical grounds, but specific proof has up
to now depended on radiological investigations and in very recent years
on isotope scanning. There have been several previous reviews on the
accuracy of these methods of investigation.

Plain X-rays will diagnose some 30-50% of intracranial meningiomas, while
they may confirm suspicion of the presence of an intracranial tumour
in 60-75% of cases (3, 5, 6, 7, 13, 14).

Pneumography, which was widely practised before the days of angiography,
was said to localise 95% of meningiomas, although, of course, specific
diagnosis of the pathology was only possible in a small proportion of
cases where the tumour was clearly shown to be extracerebral.

Angiography, which has been so widely used in the last 20 years, enables
a definitive diagnosis to be made in a high proportion of cases and
thus not only will the presence of a tumour be diagnosed in over 90%
of cases, but specific diagnosis of meningioma is possible in over 70%
of cases (2, 8, 15).

Brain scanning by isotopes will diagnose the presence of an intracranial
tumour in up to 90% of meningioma cases and the pattern of uptake will
suggest the actual pathology in a good proportion of these (5, 11, 12,
16) .

In the last 3 years the advent of computerised axial tomography (C.A.T.)
has given us the opportunity to analyse a large series of meningiomas
investigated by both the new and old techniques and to assess their
relative value.

Material

One hundred proven intracranial meningiomas have now been investigated
by C.A.T. with a high resolution matrix (160 x 160) and by various
other methods. We have analysed and attempted to compare the values

of the different methods used in this service. A description of the
first 70 cases has already been given (4), and this paper is an ex-
tension of that work.

*National Hospitals for Nervous Diseases, Queen Square and Maida Vale, London
(Great Britain).
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Findings

Table 1 shows the distribution of our 100 intracranial cases and Table
2 the analysés of our findings.

Plain X-ray. The diagnosis of intracranial tumour was made in 48 out of
74 cases where the plain X-rays taken at original presentation were
available for review (65%). Our series contained 24 recurrences, so
that plain X-rays at the time of admission were not relevant or readily
available in most of these. A specific diagnosis of meningioma was made
in 28 of the cases (38%).

Specific diagnosis was possible on the presence of such well-known
features as hyperostosis in a typical meningioma site, locally increased
meningeal markings leading to a meningioma, or characteristic meningi-
oma calcification.

Angilography. Arteriography was performed in 63 of our cases. It was diag-
nostic of tumour in 60 cases (96%) and diagnostic of meningioma in 47
of the cases (75%). It was considered normal in 3 cases (5%).

Angiography was frequently undertaken in cases where a diagnosis of
meningioma was already certain on other investigations. This is because
many neurosurgeons wish to define the exact relationship of the tumour
to veins and arteries and to determine the exact blood supply before
operation. Meningiomas can infiltrate around arteries and can invade
veins and this is particularly important with sphenoidal ridge and
suprasellar meningiomas, which may involve the middle or anterior cere-
bral arteries. It is also important where the tumour is parasagittal
since the sagittal sinus can be involved or obstructed.

Pneumography

This was only undertaken in four cases in our series and there now
usually have to be special indications for such air studies. Thus with
a small suprasellar mass which is avascular and not obvious at angio-
graphy the full extent of the tumour has been better shown by air. It
has also been used in this series in a case of meningioma near the
petrous apex to show the relationships to the middle and posterior
fossa.

There is no doubt, however, that pneumography will now rarely be re-
quired, and has been largely replaced by the newer techniques.

Isotope Brain Scanning

Fifty-two of our intracranial cases were investigated by this method.
Tumour was diagnosed in 48 (92%). The specific diagnosis of meningioma
was suggested in 29 (56%). In the literature the percentage of accuracy
of tumour diagnosed in meningioma cases is given variously as from 70%
to over 90%. The features which suggest meningioma on an isotope scan
are heavy uptake by the tumour showing a circumscribed or rounded le-

sion at a typical meningioma site, i.e. parasagittal or on the convexity
or along the sphenoidal ridge.



We have, however, several times suggested the diagnosis of meningioma
on these grounds and have been proved wrong when the lesion was found
to be a superficial malignant tumour.

We have not used serial scanning and sequential measurements of uptake
in attempting to recognise tumour type.

C.A.T. Review of our material shows that the overall accuracy of the

new method in making a specific diagnosis of meningioma is higher than
any of the other methods, including the invasive ones. This is also
already suggested by figures of small series published in the last 2
years. Thus BAKER claims 21/23 (91%), PAXTON and AMBROSE 34/35 (97%)
GREITZ 16/18 (92%) and NEW 11/11 (100%) (1, 7, 9, 10). It is clear from
this and our own material that the presence of a tumour can be diag-
nosed with an accuracy approaching 100%.

However, it is important to stress that careful evaluation of the clin-
ical history and signs is vital before scanning since a small lesion
can easily be missed if the appropriate area is not included. The cases
we failed to diagnose include two small tuberculum sellae meningiomas
which were less than 1 cm in size. Review showed that in one of these
the cuts did not have the correct angulation to visualise the region
accurately. In the second case the lesion was identified on the polar-
oid print at retrospective review. The third case which we failed to
identify was a small parasagittal recurrence (under 1 cm in diameter)
in which there was a large amount of artefact from residual surgical
clips.

All tumours more than 1 cm in diameter were adequately demonstrated.
The localisation of the meningiomas in our series is shown in Table 1.

Table 1. Localisation of meningiomas

frontal 15

parietal 5
Convexity

temporal 9

occipital 3
Parasagittal 26
Subfrontal 3
Tuberculum sellae 13
Sphenoidal ridge 12
Cerebellopontine angle 8
Tentorium 2
Cerebellar convexity 3
Intraventricular 1
Total 100

Among the 100 cases listed there were 5 with multiple meningiomas and
24 admitted with recurrence of previously operated meningiomas. Sus-
pected postoperative recurrence may be difficult to diagnose when small.
Nevertheless it has been our impression that C.A.T. is more accurate
than the other methods in this particular problem, and this material
will be presented in a further communication.

The multiple meningiomas diagnosed in five cases were all parasagittal
and all clinically unsuspected.
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The Unenhanced Scan

Unenhanced scans of meningiomas have very characteristic features. The
tumours appear as homogeneous high-density areas with well-defined
round borders. The attenuation values are slightly more than that of
normal brain and average 20-36 Houdsfield units if uncalcified. How-
ever, if calcification is present the density can be as high as 270
or 300 units. Normal brain tissue measures only 16-20 units.

Contrast Enhancement

This is an important feature of C.A.T. diagnosis and significantly in-
creases the specific identification rate. Once the simple scan has been
performed the procedure is repeated immediately following intravenous
injection of 60-80 ml of Conray 420, given as a bolus. With this tech-
nique, meningiomas show contrast enhancement in a striking fashion.

The whole tumour increases homogeneously in density both visually and
as measured by Hounsfield units. In only two cases was contrast en-
hancement less extreme. In most cases the tumour edge was well defined
by the enhancement pictures and the exact extension of the tumour was
clear.

Table 2. Intracranial meningioma - radiology

No. Diagnostic Tumour non-specific Normal
Skull X-ray 74 28 (38%) 20 (27%) 26 (35%)
Isotope scan 52 29 (56%) 19 (37%) 4 (8%)
Angiography 63 47 (75%) 13 (21%) 3 (5%)
Pneumography 4 - 4 (100%)
C.A.T. 100 90 (90%) 7 (7%) (3%)

Table 3. Meningiomas - C.A.T. features

Hyperostosis { marked 4
vp slight 8
Bone destruction 3
Calcification 16
. major 4
Cystic component { minor 3
severe 2

Oedema ( moderate 11
minimal 51

marked 8

Mass effect ‘ slight 44
minimal 20

Radiological features which assist in plain X-ray diagnosis of menin-
gioma are rarely visualised on C.A.T. However, four cases did clearly
(Table 3) demonstrate hyperostosts and in another eight cases there was
a suggestion of its presence.

Bone destruction is also a rare plain X-ray manifestation, but it was
identified in three cases by C.A.T., as well as being obvious on the
plain X-rays.
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Caletfication within the tumour was identified as a density greater than
45 Hounsfield units. This was present in 16 cases and varied from cal-
cification of the whole tumour to irregular or scanty calcification
within it.

Cystic components to the tumour are relatively rare in meningiomas, but
they are occasionally seen. In seven of our cases such cystic compo-
nents were identified and in four of these they were a major feature.

One of these cases seemed to resemble a glioma (Fig. 4). The pathology,
however, was unique in that the meningioma was associated with an ad-
jacent tuberculoma which was presumably responsible for the cystic ap-
pearance.

Oedema surrounding the tumour tended to be minimal and circumscribed.
Only very occasionally did it appear extensive and with the character-
istic digital elongation of more malignant tumours. We saw only 2

cases of this type and 11 cases with moderate ocedema. Fifty-one cases
showed minimal oedema around the tumour and the rest showed none. Oedema
was usually absent in subfrontal, suprasellar and cerebellopontine

angle tumours.

Mass effect, with displacement of the ventricles, was marked in 8 cases,
moderate in 44, minimal in 20 and absent in the rest.

Table 4 includes 20 cases listed as false positives. These were ab-
normalities incorrectly diagnosed as meningiomas, although correctly
localised. The figures are derived from an analysis of 8000 cases in-
cluding over 1000 tumours. Furthermore, some of these diagnoses were
made at an early stage, before our experience had grown; and they were
made by a variety of observers.

Table 4. C.A.T. performed: 8000 Table 5. Meningioma - false positive
C.A.T. meningioma 120 Metastasis 5
False positive 20 Glioma 2
Histology verified 100 False negative 3 Lymphosar coma 1
recurence 24 Coemons oo
Multiple 5 raniopharyng
Pituitary adenoma 1

The 11 cases with a wrong final diagnosis of meningioma are shown in
Table 5, and the 9 cases where meningioma was put forward as one of
several suggestions are shown in Table 6.

Table 6. Meningioma suggested as a differential diagnosis

Metastasis 4
Pituitary adenoma 2
Glioma 2
A.V.M. (thrombosed) 1

Even allowing for unproved technique there will still be a residuum
of cases where a confident specific diagnosis is not possible though
it should be suggested as part of a differential.

These include high-density tumours in the cerebellopontine angle with
similar appearances to meningioma and similar behaviour following con-
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trast enhancement. They would include deposits, gliomas, and some tri-
geminal neurinomas. We do not think that acoustic neurinomas present

a problem in this context. Some workers have suggested that these tu-
mours can appear as high density lesions but in our material nearly

all have been low density lesions before contrast enhancement. As noted
from our tables the main problems are with vascular metastases.

In the suprasellar region both pituitary adenomas and craniopharyngiomas
may present a similar picture to meningiomas as they frequently show
increased density on simple C.A.T. and contrast enhancement. Differ-
entiation again depends on the clinical presentation and other radio-
logical features, but a meningioma should always be considered in the
differential diagnosis. A pinealoma can also resemble a meningioma.

We had only one intraventricular meningioma in our series and this was
readily identified. We have, however, encountered intraventricular
gliomas which showed similar features. In some cases the irregular mar-
gins and infiltrations of the glioma may help to differentiate it. In-
traventricular ependymoma or papilloma may also show similar features.
Another area where in our experience it is unwise to make a specific
diagnosis of meningioma on C.A.T. alone is in the orbit and the retro-
ocular region (4).

In conclusion, we present a review of the impact of C.A.T. on the ra-
diological diagnosis of meningiomas. This new non-invasive method is
undoubtedly the most accurate diagnostic tool yet available. Using
contrast enhancement, it provided a specific diagnosis of meningioma

in 90% of our 100 intracranial cases, and diagnosed the presence of

a tumour in a further 7%. Even without Conray, the specific diagnostic
rate of meningioma was nearly 80%. The false negative rate was only

3%. False positives - in the restricted sense that a specific diagnosis
of meningioma can only be offered as part of a differential diagnosis

- may occasionally occur, and usually involve vascular gliomas or me-
tastases. Such equivocations should be rare when the clinical and other
features are considered in context.
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Fig. 1. Tuberculum sellae meningioma. Well-delineated spherical mass with attenuation
coefficients higher than normal brain tissue, encroaching upon the chiasmatic cistern,
(a) before, (b) after intravenous contrast administration. Note homogeneous enhance-
ment, outlining full extent of tumour

Fig. 2. sphenoidal ridge meningioma. Note large homogeneous dense tumour implanted
on outer third of sphenoidal wing (a) before, (b) after intravenous contrast ad-
ministration, demonstrating characteristic enhancement pattern

Fig. 3. Tentorial meningioma. Similar appearances to Fig. 2. Because of its localisa-
tion a tumour of the pineal should be considered in differential diagnosis
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Fig. 4. Atypical frontal parafalcine cystic meningioma after administration of intra-
venous contrast medium. This tumour had been originally diagnosed as a glioma, but
note the attachment to the falx. Histology demonstrates features of a meningioma
combined with granulomatous tissue resembling a tuberculoma

Fig. 5 Fig. 6 Fig. 7

Fig. 5. Recurrent parasagittal meningioma. Note surgical defect; bone flap from
previous craniotomy had been removed. Artefacts due to surgical clips interfere with
quality of scan, but enhancement of recurrent tumour is easily shown

Fig. 6. Calcified parasagittal meningioma. Homogeneously dense mass with high at-
tenuation coefficients is demonstrated in an unenhanced scan by virtue of calcium

in the outer surface and in the centre of tumour. This was visible on plain skull
X-ray

Fig. 7. Parasagittal and parafalcine meningiomata after administration of intravenous
contrast medium



A German Multicentre Study of Intracranial Tumours

S. Wende**, A. Aulich, E. Schindler, T.Grumme, W. Meese, S. Lange, E. Kazner,
H. Steinhoff, and W. Lanksch*

This cooperative study of the CT-groups of Berlin, Mainz and Munich
includes the investigations on 1304 patients with intracranial neo-
plasms.

Table 1 gives a survey of the number of cases of the different tumour
groups and the detection rate in the plain as well as in the post-
contrast scan. Of the tumours studied, 15.3% were isodense in the plain
scan compared to normal brain tissue. Isodensity of tumour tissue was
most frequent in acoustic neuromas amounting to 58% of the cases. A
percentage of isodense tumours higher than the average was observed in
astrocytomas of grade II, glioblastomas, spongioblastomas, metastases
and craniopharyngiomas. Of all tumours 6.4% were not detectable in the
plain scan. In 115 isodense tumours, localisation became possible
through the recognition of indirect signs of a space-occupying process.

Table 1. Isodense intracranial tumours

Type of neoplasms No. Tumour Tumour Tumour
isodense negative negative
(plain scan) (plain scan) (post-contrast scan)
Astrocytoma gr. I 72 - -
Astrocytoma gr. II 64 11 4 -
Glioblastoma 251 8 -
Oligodendroglioma 66 3 - -
Spongioblastoma 27 8 3
Meningioma 205 28 11 3
Sarcoma 23 1 -
Epidermoid 7 - - -
Metastases 159 31 12 4
Pituitary adenoma 118 14 2 -
Craniopharyngioma 32 5 5 1
Ependymoma 20 2 - -
Medulloblastoma 30 4 - -
Plexuspapilloma 4 - - -
Acoustic neurinoma 62 36 31 2
Angioblastoma 14 - - -
Other tumours 48 5 3 3
Unclassified tumours 102 10 4 4
Total 1304 199 84 17
% 100 15.3 6.4 1.3

By contrast enhancement 67 primarily negative neoplasms, among them
29 acoustic neuromas, could also be recognized. Only 1.3% of all tumours
(17 cases) remained undetectable in the post-contrast scan (Table 2).

*Cooperative study of the University Clinics of Berlin, Mainz and Munich.
**pept. of Neuroradiology, University Hospital Mainz, LangenbeckstraBe 1, 6500 Mainz
(FRG) .
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Table 2. Intracranial tumours not visualized in the contrast scan: an evaluation
of 1304 neoplasms

2
[e)

Type of neoplasm

Craniopharyngioma
Meningioma

Acoustic neurinoma
Neurofibroma
Pinealocytoma
Clivus chordoma
Metastases
Unclassified tumours

B Ll SR VS R

Total 17 (1.3%)

We find that the various masses exhibit differing absorptions and we

differentiate between an increased, a decreased, an equal and a mixed
density of the tumour compared to cerebral tissue. After contrast in-
jection the density may either increase or remain unchanged.

Gliomas of Grades I and II (Astrocytomas and Oligodendrogliomas)
(202 Cases)

It is shown that astrocytomas of grade I nearly always exhibit a de-
creased density both before and after contrast injection. On the con-
trary, astrocytomas of grade II give an inhomogeneous image in the
plain scan. Contrast enhancement occurred in 90% of the cases (Figs.
1, 2).

Glioblastomas (251 cases)

In 65% of the cases the plain scan revealed a mixed density. There

was a combination of increased and decreased density. Following intra-
venous contrast injection, the density in the tumour region nearly al-
ways increased. In the cases in which a ring-shaped pattern is visible
there is likely to be central tumour necrosis (Figs. 3, 4).

Meningiomas

A decreased density is never shown on the plain scan; the density is
slightly increased. After contrast injection a distinct increase of
density develops. Meningiomas are relatively homogeneous in density
and well-defined.

Metastases (Figs. 5, 6)

Absorption is extremely variable in the plain scan. After contrast in-
jection a considerable increase in density occurs. Here too, there are
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different images of metastases. There may be ring-shapes, nodular
formations, mixed forms and metastases which become observable only
through the perifocal oedema. There are quite typical small tumour
foci with very pronounced perifocal oedemas.

Our group 'other tumours' also contains pinealomas. Figure 7 deals
with a prolonged follow up study during and after X-ray therapy.

Examination on January 8: Pronounced dilatation of both lateral ven-
tricles. Tumour in the pineal region with compression of the third
ventricle.

Examination on February 3 after X-ray therapy: Regression of the dila-
tation of ventricles. No enhancement of the pinealoma. The third ven-
tricle is not identifiable.

Examination on February 18: No alteration of the size of ventricles.
The third ventricle is recognizable again.

Examination on March 10: No alteration of the size of ventricles, di-
stinct visualization of the third ventricle. Slight tumour enhancement
in the dorsal part of the third ventricle. Slight nodular indentation
of the medial wall of the left anterior horn.

Examination of 4pril 22: Compression of the third ventricle. Intensified
tumour stain in both the regions of the left anterior horn and the
septum.

Examination of Moy 24: Tumour stain of both lateral ventricles showing
distinct hyperdensity.

Examination of June 24: The tumour extent in both lateral ventricles
has increased. The ventricles are dilated. No visualization of the
third ventricle. Repeated X-ray therapy.

Examination on August 6: Following X-ray therapy distinct tumour regres-
sion. Both lateral ventricles and the third ventricle have regained
normal size.

Follow-up studies on August 22 and September 22 do not display proven
changes in findings. However, the inadequate visualization of the third
ventricle is evident.

This case shows that follow-up studies are of crucial relevance for
the demonstration of the development of a brain tumour as well as in
cases of questionable tumour recurrences and for the demonstration of
the therapeutic success.

Differential diagnosis on brain tumours by means of C.A.T. is limited.
In some cases it is not possible to distinguish between astrocytomas
grade II, sarcomas, metastases, malignant melanomas and meningiomas.
An inhomogeneous contrast enhancement with a ring-shaped pattern may
be similar to cases of metastases, glioblastomas and abscesses.

The mean attenuation of the tumour tissue in the plain scan does not
provide further information for differential diagnosis in many tumour
groups. Also the quantitative values of attenuation enhancement do not
contribute to a differential tumour diagnosis as they are similar in
different tumour groups.

On critical inspection of the examination findings of 1304 cerebral
tumours, we established that at C.A.T. brain tumours are detectable
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in 98.7% of cases by means of direct and indirect tumour signs in the
plain scan and by additional contrast application. This high diagnostic
accuracy cannot be achieved by any other neuroradiological method of
examination. In many cases, however, only follow-up studies enable the
exact diagnosis of a cerebral tumour to be made.

We should, however, bear in mind that C.A.T. can lead to considerable
misinterpretation unless history and clinical findings are carefully
considered. The differential diagnosis between the various tumour types
is limited; a tumour, moreover, may not always be distinguished from

an abscess. Follow-up studies assist the final differential diagnosis
between brain infarct and brain tumour. One single C.A.T. investigation
does not always lead to a final statement on the tumour histology. A
positive tumour demonstration in C.A.T. should, however, always give
rise to angiography for further elucidation of the diagnosis.
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Fig. 3. Glioblastoma (251 cases); tumour density before enhancement

Fig. 4. Glioblastomas; enhancement (241 cases)
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Fig. 5. Metastases (159 cases); tumour density before enhancement

Fig. 6. Metastases; enhancement (142 cases)

Fig. 7a

Fig. 7a and b. Follow-up study of a patient with a pinealoma (see text)
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C.A.T. Investigations of the Development of Cerebral Oedema
and the Effects of its Treatment in Patients with Brain

Tumours*
S. Wende, A. Aulich, K. Kretschmar, S. Lange, T. Grumme, W. Meese, W. Lanksch,
E. Kazner, and H. Steinhoff**

The use of computerised axial tomography makes it possible to study
the expansion of perifocal ocedema in patients with cerebral tumours.
C.A.T. opened up the possibility of visualizing the outline of this
oedema and the effect of dexamethasone treatment.

Our experiences leads us to believe that by means of follow-up studies
(1) new information on the pathophysiological or biological process
may be obtained and (2) the therapeutic effect may be controlled ob-
jectively.

Owing to the increased water content, oedema appears as an area of low
density at C.A.T. The use of Hounsfield units does not facilitate the
differentiation between tumour and infarct oedemas. Shape and localisa-
tion, however, as well as extent and development revealed typical dif-
ferences.

In a cooperative study of the University Clinics of Berlin, Mainz and
Munich, 724 ischaemic infarcts and 1304 brain tumours were examined.

Since cerebral oedemas can reach different extents, gradation appears
to be useful. As an oedema of grade 1 we define a perifocal oedematous
margin up to 2 cm in diameter. If half a hemisphere is encroached by

a cerebral oedema, there is a case of oedema of grade 2. More extensive
oedemas we quantify as grade 3.

On comparison of the different images of perifocal oedema with the ap-
propriate anatomical cuts, it becomes obvious that the localisation of
the oedema as shown in C.A.T. corresponds to the region of the white
matter. The extension of perifocal oedema seems to be determined by
the topography of the white matter which leads to the formation of
characteristic oedematous images according to the tumour localisation.

The oedema of a frontal tumour terminates funnel-shaped into the narrow
pass formed by the basal ganglia and the Sylvian fissure. Following
contrast enhancement the tumour may be distinctly visualized. In the
case of bilateral development of such an oedema, e.g. olfactory menin-
giomas, the t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>