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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 arecord. 

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 weIl 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 weIl 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
nique 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 RÖNTGEN X-rayed his wife's hand 
in his laboratory at Würzburg in 1895. 

The result of HOUNSFIELD'S discovery has been to trans form 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 horne 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 feit 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 folioware 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 I. F. Moseley 

Computerised axial tomography provides a means of examlnlng the intra
cranial contents expressed as aseries of 'slices' through the skull 
taken in a trans axial 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.), 100 to R.B.L., and 25 0 to R.B.L. (1). The appearance of the 
brain prepared in this manner presents a view not normally depicted 
in most atlases of neuroanatomy. Several authors (1, 2, 3) have pub,' 
lished works which include aseries of brain slices taken in a partic
ular plane, but comparison of normal anatomy between various different 
planes of section seems to be lacking. 

Aseries 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 100 to this plane, and another at 250 • 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 250 angle. 
The 100 angle is illustrated in Figures 5, 6 and 7. Planes parallel 
to R.B.L. are shown in Figures B, 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 250 to 
R.B.L. (Fig. 2A) includes the hemispheres of the cerebellum at the 
point of their greatest width. The fourth ventriclte is weIl 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 tb 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. BA) 
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. 
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ventricle are transected in their more anterior regions (note the con
figuration of the fourth ventricle compared with the 250 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 100 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 ne ar 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 250 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 100 to R.B.L. (Fig. 5B) differs from the 250 

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 ti ps of the temporal horns of 
the lateral ventricles. 

C.A.T. scans of both the 250 and 100 angles indicate the diminished 
density of the chiasmatic cisterns on the midline, bounded by the brain
stern posteriorly, the uncus laterally, and the posterior portion of 
the frontal lobes, anteriorly. 

The next higher level of brain slices in both the 250 (Fig. 3A) and 
100 (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-
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ary of the frontal horns), and the genu of the corpus callosum. The 
medial border of the frontal horns in the 250 slice is represented by 
the septum pellucidum. In the 100 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 weIl as the anterior por
tion of the aqueduct as it traverses the midbrain. The internal capsule 
is weIl seen, with the lenticular nucleus, comprising the putamen and 
globus pallidus , located j'ust 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 eisterns and wings of 
the ambient cisterns. 

The 250 angle slice includes more of the anterior portion of the cere
bellum than does the 100 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 100 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
trieles. 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 pas.ses 
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 fis sure 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 ehoroid plexus and also the redueed density of the 
retropulvinar eisterns. (Note that the C.A.T. scan of the 100 series 
does not eorrespond exactly to the brain slice and does not show the 
pineal. ) 

The higher brain slices pass just below the bodies of the lateral ven
trieles, grazing the superior aspect of the thalamus, but still tra
versing the frontal horns and the superior part of the trigone, in 
the 25 0 (Fig. 4A) and 100 (Fig. 7A) series of slices. In the R.B.L. 
series (Fig. 10A), the slice still traverses a large part of the len
ticular nuelei and the main body of the thalamus. The C.A.T. scan at 
the 250 angle shows the reduced density of the body of the lateral ven
trieles. The 100 angle sean shows the pineal density (shining through 
the overlying splenium of the corpus callosum). The thalamie 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 lOB), all slices 
except the 100 angle series pass above the bodies of the lateral ven
trieles. The 100 sliee just grazes the body of the ventrieles. In the 
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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 (250 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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~ Planes of Section projected on midline and lateral v iews of the brain. A and 
B 250 to R.B .L. C and D 100 to R.B.L. E and F parallel to R.B.L. 
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~ Brain slices and C.A.T. scans at 250 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 
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~ Brain slices and C.A.T. scans at 25 0 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 
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Fig. 4. Brain slices and C.A.T. scans at 25 0 to R.B.L. C.C.-corpus callosum; C.S.
central sulcus; F.-fornix; S . F.-Sylvian fissure 
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~ Brain sl ices and C.A.T. scans at 100 to R.B.L. B.-basilar artery; G.R.-gyrus 
rectus; I.V.-inferior cerebellar vermis; S.V.-superior cerebellar vermis 
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Fig. 6. Brain slices and C.A.T. scans at 100 to R.B.L. F.L.- frontal lobe; I.C.- in
ternal capsule; O.C.- occipital lobe; T.- trigone of lateral ventricle; T.L.- temporal 
lobe; T.V.-third ventricle; S.F.-Sylvian fissure 
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Fig. 7. Brain slices and C.A.T. scans at 100 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 
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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.- aqueduct; F .- co l umns 
of fornix; P.- pul vinar of thalamus; S . T .- superior temporal gyrus ; U .- uncus 
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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 1. 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? 1s 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 (O.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 weIl, have a prominent arterial SUPplYi the len
ticulostriate arteries and the recurrent artery of Heubner (from the 
middle and anterior cerebral arteries respectively) supply the caudate 
and lentiform nucleii the thalamoperforate and thalamogeniculate arte
ries (from the posterior communicating and posterior cerebra I arteries) 
supply the thalamus. 

The cerebellum and brainstem have a prominent arterial supply as weIl. 
The arrangement of the arteries in the cerebellum is characteristically 
in parallel lines, at about 45 0 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 identi"fied. 

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. linei in the 
other two brains, the sections were produced as if the head were either 
flexed or extended 25 0 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 250 to the O.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 
lateri 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 250 to the O.M. line 
(Fig. 3): 

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

2. Occipital lobes are the reversei their anterior boundaries are again 
indistinct. 



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. 

19 

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 O.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 weIl 
defined - head of caudate nucleus, lentiform nucleus and thalamus -
as weIl 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 weIl as the 
precentral and postcentral sulci, the outlines of the angular gyrus 
and the Sylvian fissure. 

Inferior surface (posterior part) - the posterior cerebra I 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 weIl 
demonstrated on a cerebral angiogram (carotid or vertebral) in the 
samethree-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 anqiography. 
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DM 48 

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 4B 

Fig. 2. Projection of the cerebral cortex· 
on cuts done in flexion (250 ). For key to 
figure, see Figure 1 

Fl - Superior frontal gyrus, F2 - Middle frontal gyrus, F3 - Inferior frontal gyrus, 
FA - Precentral gyrus (motor cortex), PA - Postcentral gyrus (sensory cortex), ~ -
Sup-erior parietal lobule, Pz - Inferior parietal lobule, 01 - Superior occipi tal 
gyrus, 02 - Middle occipital gyrus, 03 - Inferior occipital gyrus, 04 - Fusiform 
gyrus, 05 '- Lingual gyrus, 06 - Cuneus, Tl' -Superior temporal gyrus, '1'2 - Middle tem
poral gyrus, T. - Inferior temporal gyrus, GC - Cingulate gyrus 
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Ext 3B 

Ext 4B 

Fig. 3. Projection of the cerebral cortex 
on cuts done in extension (25°). Far key 
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. 
5canning was usually carried out be fore and 3, 6, 12 and 24 h after 
the injection. Normally, contrast medium appears in the basal cisterns 
after 3 hand 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 cerebra 1 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, 5-10401 Stock
holm/Sweden 
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and interpeduncular eisterns 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 eisterns 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 anormal case. 

Following enhancement of the subarachnoid space using metrizamide 
(Amipaque), one is usually able to demonstrate, in addition to the 
eisterns 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 eistern 
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
triele. The restiform bodies, which form the floor of the fourth ven
triele, 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 eisterns are usually 
seen at the same level as the fourth ventricle. These eisterns are out
lined by the lateral aspects of the pons and are limited posteriorly 
by the cerebellar hemispheres. Like the pontine eistern, 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 eistern limited anteriorly and medially by the cerebellar pe
duncles and laterally and posteriorly by the cerebellar hemisphere. 
The orientation of this eistern is familiar to those acquainted with 
the course of the brachial vein. 

The suprasellar eistern is referred to by HILAL (4) and is now clas
sically known as the pentagon-shaped eistern (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 eistern 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 eisterns are also usually seen in the same cut. The 
anterior part of the ambient eistern 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 tri angular 
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 stern. 

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 ca se 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. 
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Fig. Fig . 2 Fig . 3 

Figs. 1-6. Each figure illustrates the appearance of the subarachnoid space as seen 
in a tomographie 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 fo·ramen 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 ventriele surrounding tonsils. The 
medullary eisterns (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 Fig . 5 Fig. 6 

Fig. 4. Cut at the level of upper part of fourth ventricle showing infratentorial 
portions of ambient eisterns as well as lateral extension of chiasmatic eistern 
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 ofthe Tentorium Cerebelli 
T. P. Naidich*, I. I. Kricheff**, and N. E. Leeds* 

Introduetion 

NEWTON et al. (5), GOODING et al. (3), and GADO et al. (2), have demon
strated that iodinated radiographie eontrast agents aeeumulate in the 
intravaseular and extravaseular spaees of the dura mater. Computerised 
tomography in the axial plane (C.A.T.) permits routine identifieation 
of this falx and tentorial blush after intravenous administration of 
eontrast agent. Familiarity with the normal C.A.T. appearanee and ana
tomie relationships of the tentorium provides a basis for understanding 
the C.A.T. manifestations of many non-neoplastie disease processes. 

Anatomy of the Tentorium 

The tentorium eerebelli is a double fold of dura whieh forms the tent
shaped roof of the posterior fossa (5). Laterally, the tentorium at
taehes to the oeeipital and petrous bones along the transverse and 
superior petrosal sinuses, and then eontinues forward to the posterior 
elinoid processes as the petroelinoid ligaments (6). Medially, the 
tentorium fuses with the fa lx along the straight sinus and then eon
tinues forward to the anterior clinoid processes as two erescentie, 
medially coneave, free tentorial borders which define the tentorial 
notch or ineisura (1, 6). The midbrain usually oeeupies the anterior 
half of the tentorial ineisura (1). The posterior half may be occupied 
by the superior vermis or the splenium of the corpus eallosum (1). 
The remaining spaee 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 toreula and laterally towards the transverse 
and petrosal sinuses. Beeause the slope of this descent is steepest 
medially and less steep laterally, the side walls of the tentoriurn are 
eoncave superolaterally over mueh of their surfaee. However, when 
viewed from above, the uppermost portion of the tentorium around and 
below the incisura is slightly eonvex laterally. 

In a sequential series of 100 contY'ast-enhanced C .A. T. seans of good 
quality, the tentorium was visualized in 99% of cases. It was weil 
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" ConfigUI'ation. A fortui tous 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 torcula, 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. Divel'ging 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 rnrn 
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 rnrn 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 rnrn-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 nurnber 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 wi th the tentor ial bands seen on normal aontl'ast-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 ineisura 
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 Fig . lb 

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" 
wi th 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 Fig. 3 

Fig. 2. Faint laterally broadening bands of enhanced tentorium pass, at a 450 angle, 
from edge of quadrigeminal eistern to calvarium 

Fig. 3. "M" configuration. Note enhanced torcular and lateral sinuses 
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Fig . 4 Fig . 5 Fig . 6 

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 (lucentl is lateral to the tentorial bands and 
is flattened medially 

Fig . 7a Fig . 7b 

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



Fig . 8 Fig . 9 

Fig. 8. Incisural extension of a vermian metastasis that projects between the "V" 
of tentorial margins 
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Fig. 9. A left tentorial meningioma is flattened laterally against upper petr~us 
bone and tentoriurn. As it grows through the incisura, that part of the turnoür be
comes rounded, producing a cornrna shaped density 



Technical Operation 

Computer Tomographie Artefaets 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 arte fact 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-li ved 
Extreme 

2. Barium 

3. Air 

4. Metallic objects 

5. Myodil 

*Lysholm Radiological Department, The National Hospital, Queen Square, London WC1N 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 arte facts 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 quality 
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 50 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 irnrne
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.~he window 
levels can reduce the artefact considerably and, although detail is 
poor, such structures as the lateral ventricles and choroid plexuses 
may become visibl~ 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 
S. 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 arte fact 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 weil (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 50 
greater than 50 

2. Head box movement 
3. Faulty high tension cable to detector 
4. Tube wear 
5. Air bubbles in head box 
6. Burst head bag 

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 10 rotation may 
occur. Most commonly there is intermittent indexing of up to 50 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 100 

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 anormal 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 ar te fact 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 0 . 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. Photographie fault 

vertical drive faults or photographie faults. A faulty high tension 
lead produces a make-and-break contact artefact on the screen. The 
arte fact 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 
beiRg more exposed than the lower (Table 5). 

Table 5. computer artefacts 

1. Dirty disc head 
2. Disc head controller fault 
3. Disc corruption 
4. Integrator fault 
5. Memory board fault 

Artefacts Oue 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 mal formation 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 aga in 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. 



Fig. Fig . 2 

Fig. 1. Nodding movement artefact 

Fig. 2. Horizontal movement artefact 

Fig. 3. Rotational movement artefact 

Fig. 4 Fig . 5 

41 

Fig . 3 

Fig . 6 

Fig. 4. Air in ven t r ic les. Small artefact due to computer overshoot, with patient , 
still 

Fig. 5 . Air in ventricles. Pati e nt movement producing marked artefact 

Fig~ Posterior fossa artefact due to petrous bones and mastoid air cells 
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Fig . 7 Fig. H 

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.A.T. Under Stereotaxie Conditions 
J. M. Caille*, 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 10 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 Sablieres, 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 stereotaxie 
conditions. 

By the use of this technical device, the evolution of pathological pro
ces ses 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 

1. BERGSTRÖM, M., GREITZ, T.: Stereotaxie computed tomography. Amer. 
J. Roentgenol. ~, 143-155 (1976). 



45 

Fig . 1. Talaraich ' s stereotactic frame 



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 
a0ainst 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.O.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.O.C. curve is then a straight line at 45 0 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.O.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 ce. 

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 tomographie 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 tomographie 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 alesion was present. Score 0 in
dicated absolute confidence that alesion 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.O.C. curve. 

Results 

The R.O.C. curves for the interactive display indicate a difference 
between the two ob servers (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. Sa and Sb). 

Discussion and Conclusions 

The R.O.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 ca se 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 da ta leading to better detectability. 
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The seeond suggestion is supported by the results obtained using a long 
viewing distanee. The improvement in deteetability over polaroid prints 
in this ease ean be aeeounted for by the degrading effeet of the photo
graphie proeess. 

These experiments indieate that there may be dangers in overmanipula-
ti on of data or digital display eonsoles, partieularly when the observer 
sits elose to the display. 
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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 cornrnitment and obligation to carry out re
search. 

4. Unpaid help may be available for research and even for part of the 
service cornrnitment 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 
b167,OOO). 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 weiN 3BG. 
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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 ofbringinga 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 assurne 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) is ne ar 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 t25,000. 

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 t30.9. 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 (t30). (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 11 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) 

Proportion of installation cost 
Annual updating 

Total 

Salaries 

Radiologists 
Radiographers (including training) 
Nurses 
Anaesthesist 
Reception, typing and filing 
Porter 
Cleaner 

Expendab les 

Polaroid film 
Contrast medium 
Servicing and repairs 

Total 

Major replacements (e.g. tubes) 
Tapes 
Miscellaneous 

Total 

'10 25,000.00 
8,000.00 

15,000.00 

'10 48,000.00 

7,250.00 
12,475.00 
1,100.00 

200.00 
6,430.00 
3,000.00 

150.00 

'10 30,650.00 

10,000.00 
5,000.00 
7,500.00 
5,000.00 

320.00 
1.700.00 

'10 29,520.00 

3500 patient examinations at '1030.9 each 

'10 48,000.00 

'10 78,605.00 

'10108,125.00 

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 sa1aries, not forgetting something for supervision, in
service teaching, filing and reporting. 

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

Table 2. 1973 Costs of examinations per patient ('10 sterling) 

Investigation No. performed Capital Salaries Expendables 

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

Changes take place continuously, however. 

Total 

53.7 
38.0 
20.1 

Decreases in the nurnbers of angiograms, AEGs and scintigrams have re
leased radiographers for duties wh!ch 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 '101,500 (it cost 
n12,000 in 1971) and carry out all scintigraphy with a single gamma 



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 

Angiogram 
AEG 
Scintigram 

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

500 
260 

1200 

69.3 
45.7 
25.00 

At 1973 prices the contrast investigations avoided in 1 year would 
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have cost h78,385 and the cost of associated extra bed-occupancy avoided 
was of the order of t32,590 (t78,385 +t32,590 = t110,975l. 

Research 

Research is 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 
t15,OOO a year. We receive in grants and salaries about t12,OOO 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 
1. 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 nurnbers 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, apart-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 t30,000 and for '75/'76 was 
nearly t50,000. The virtual doubling of the work-Ioad in the 2 years 
meant in fact that the absolute minimum cost per scan remained at about 
the same level, i.e. t 12-15. It should be understood that this repre
sents the extra cost over and above money used on the X-ray department 
be fore 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 t14,000, and in the 
second group the savings were though t to be between ,t 25,000 and t 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 weIl 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 adefinition 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 weIl: a study of the location of 

*Agrege, Charge de Cours a L'Universite 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 Belgiurn. 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 demographie 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 practitionersi 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
fleets the growing interest in a reliable, non-traurnatic means of in
vestigation. 

Organisation of a C.A.T. Department 

Referring Doctors 

The medical staff, specialised or with general interests, who mayorder 
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 aseries 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. 



60 

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 radio10gist, 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. BrainjBody 

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 hirn 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. Dosimetrie studies show, in fact, that the 
dose resulting from C.A.T. of the body extends beyond the tomographie 
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 öf the 
brain will depend on the neurological or psychiatrie 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 be gun 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 aspe~t 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 be fore going into coma: and a third of fatal head 
injuries had talked at some time after injury be fore 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 be fore transfer - often because they were 
mistakenly believed to have suffered a stroke or to be drunk (3). One 
reason for this is that skilIed 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 recornrnended 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). 

*rnstitute 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 haematomai 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 possiblei 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 
haematomai 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 disagreedi 

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

C.A.T. diagnosis 

Neurosurgeon A Neurosurgeon B 

Haematoma Haematoma 

Haematoma Uncertain 

Uncertain No haematoma 

No haematoma No haematoma 

Number of 
cases 

49 

46 

Final diagnosis 

Haematoma 

No haematoma 

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 cliniciansi 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 collectiöns; 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 

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 ascan, 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 be gun 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 be fore 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 weIl 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 mayaIso 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 anormal 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
ti on is needed in forecasting too much from this new investigation in 
the management of the patient with diffuse injury. 
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a b 

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 

a b 

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 
1. M. Caille, F. Cohadon, S. Beeke, and P. Constant* 

The possibilities and the limitations of C.A.T. in pathology of the 
brain, vascular, tumoral pathology, etc. are now weIl known. Certain 
authors hold that C.A.T. is the ideal method for the investigation of 
cranial trauma and that angiography is no langer 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 tao lang 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 wh om 102 C.A.T.s and 53 angio
grams were carried out. 

Analysis of102C.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) 

1 st 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 af capital importance. 

*Service de Neuro-Radiologie Centre Jean Abadie, Bordeaux (France). 



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 
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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.'l'. : 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 consciousne3s. 

C.A.T.: 22 

1st week 
2nd week 
3rd week 

8 
9 
4 

Third presentation: 19 cases 

Angiograms: 15 

2 
8 
5 

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 0 
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 stern. 

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 

Seaond presentation: 27 cases 

4 haemorrhagic swellings 
14 oedematous contusions 

1 intracerebral haematoma 
1 subdural haematoma 
2 multiple lesions 

Third presentation: 19 cases 

4 haemorrhagic contusions 
9 oedematous contusions 
4 subdural haematomas 
2 ventricular collapses 
7 bilateral lesions 



Fourth presentation: 22 cases 

5 intracerebral haematomas 
1 haemorrhagic swelling 
8 oedematous contusions 
6 subdural haematomas 
7 multiple lesions 
2 ventricular collapses 
2 haemorrhagic lesions of the brain stern 

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% 
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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 se ries we found 
haemorrhagic lesions of the brain stern only twice, although 22 patients 
presented clinical pictures very suggestive of primary brain stern le
sions (fourth presentation: deep coma necessitating urgent respiratory 
assis tance) . 

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. 
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However, C.A.T. does a110w the establishment of certain c1inicoana
tomica1 corre1ations. 

First presentation (initial 10ss of consciousness fo110wed by rapid re
turn to normal consciousness) is characterised by the reduced vo1ume 
of the contusion, the sma11 number of haemorrhagic swe11ings, the high 
number of normal C.A.T.s (7). (Fig. 4). 

Second presentation (loss of consciousness fo110wed by obtundation) is 
characterised essentia11y by oedematous temporal or frontal contusions 
of sma11 volume - in five cases haemorrhagic swe11ing or haematoma. 
Shift of the mid1ine structures remains moderate (Fig. 5). 

Third presentation (coma with secondary aggravation) is characterised by 
very grave hemispheric 1esions which are both 1arge and numerous (7 
cases of multiple 1esions, 7 cases of bilateral 1esions). 

The two-phase c1inica1 evolution, C.A.T. and angiographic findings 
suggest that the 1esions of the brain-stem are secondary to 1arge hemi
spheric 1esions which compress the brain stern by the shifts which they 
provoke (Fig. 6). 

Fourth presentation (initial deep coma) most probab1y corresponds to a 
primary 1esion of the brain stern. Hemispheric 1esions shown by C.A.T. 
indicate the gravity of the trauma but wou1d seem to be on1y coinci
dental (Fig. 7). 

A previous angiographic study of cerebra1 contusions showed the same 
c1inicoanatomica1 corre1ations but with vast1y inferior precision as 
to the number, vo1ume and especia11y the nature of the 1esions. 

Conc1usion 

Though C.A.T. constitutes an undeniab1e progress in the means of study
ing the number, vo1ume and the oedematous or haemorrhagic nature of 
intracrania1 1esions, considerab1e progress remains to be made be fore 
we cou1d be said to possess a comp1ete1y satisfactory means of in
vestigating this area: brain stern 1esions are shown on1y exceptiona11y 
and fa1se negatives remain numerous. Techno10gica1 progress will doubt-
1ess a110w improved performance through such changes as more rapid 
rotation and improved spatia1 and densitometric definition. 
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Fig. 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 

8 

Ang 53 

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 iesions 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. findi ngs i n 'second presentation' (see text): right parieto
occipital haemorrhagi c contusion with moderate displacement of the bodies of the 
lateral ventricles 

Fig. 6 

Fig. 6. Typical C.A.T. f indings in 'third presentation' (se e text): facial fractures 
(fluid l evel 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 stern 
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 turnours 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 relations hip to large vessels or evocative brain that tends to 
add to mortality and morbidity rates and it is by knowing these pecu
liarities be forehand 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 ~t reduces the magnitude of the 
surgical procedure or eliminates the rieed for it altogether, this has 
been a gain for the patient. 

*Gough Cooper Department of Neurological Surgery, The National Hospital, Queen 
Square, London, WCl (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 sterns 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 Cerebra 1 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 cerebra 1 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 10 neoplasm elsewhere 
Gliomas 
Meningiomas 

Solitary tumours 

Metastatic with (54%) or without known 10 elsewhere 
Glioma 
Meningioma 

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

Multiple Meningiomas 

Out of aseries of 100 meningiomas analysed in some detail there was 
a total of five cases of multiple meningiomasi the scan appearances 
and the tendency for the tumours to be sited parasagittally or on the 
fa lx 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 asolid tumour, glioma or metastasis which on C.A.T. has 
the same density as the extensive peritumoral oedema 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 aseries of 100 ca ses 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 
difficul ties. 

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 Ventrieular Zone 

This is an area in whieh inadequate radiographie delineation may weLl 
influenee the outeome of surgery very adversely. 

The elinieal probability of alesion in the suprasellar-third ventri
eular zone will have been suggested by the history, the examination 
of the visual and oeular funetion in eornbination with metabolie 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 presenee of a tumour in 
80-85% of cases as a result of density of the tumour and its propensity 
in some eases to enhanee, its eneroaehment on the suprasellar eistern 
and displacement of the third ventriele. This ratio may be higher still 
with more detailed examination by multiple overlapping cuts. The pre
eise nature of the lesion, however, is not reeognised so readily and, 
more importantly, C.A.T. will not define adequately the essential fea
tures of the loeal pathological anatomy whieh, from the point of view 
of the surgieal approach, are more important. 

One needs to know the preeise relationships of these tumours to three 
struetures, 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 



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 
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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 seI la 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 wo und 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 be fore 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 per form 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 
be fore 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, be fore major symptoms reappear and when it is easier and 
safer to remove them. 

These trends may weil 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 weil 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 alesion within the cerebrum, in defining 
its localisation and in predicting the specific nature of the tumour. 

f.laterial 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 11) and 
malignant (Kernohan Grades 111 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 mayaiso 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 WeiN 
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 

C.A.T. diagnosis of glioma 

Glioma verified histologically 
Unverified by biopsy 
Another pathology confirmed (false positive) 

C.A.T. diagnosis of metastasis 

Metastasis verified histologically 
Unverified, but primary malignancy proven 
Another pathology confirmed (false positive) 

B. Pathology Series 

Histologically verified gliomas 

Accurately diagnosed on C.A.T. 
Lesion shown on C.A.T., but another pathology 

predicted (false negative) 
No lesion shown on C.A.T. 

Histologically verified metastases 

Accurately diagnosed on C.A.T. 
Lesion shown on C.A.T., but another pathology 

predicted (false negative) 

No. of cases (%) 

242 100 

163 67 
47 19 
32 13 

62 100 

17 27 
4 6 

41 66 

179 100 

163 91 

15 8.4 
1 0.6 

25 100 

17 68 

8 32 

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

Astrocytoma (%) Oligodendroglioma (%) Total 
I-lI III-IV I-lI IlI-IV 

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

Discussion 

Detection of aLesion 

(%) 

18 
84 
80 
91 
38 
17 

From our analysis it is obvious that it is rare to overlook an intra
cerebra 1 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) 

As trocytoma (%) Oligodendroglioma (%) Total (%) 

I-II III-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 (4) 1 ( 1) 2 2 
Negative 4 ( 17) 3 ( 3) ( 13) 8 6 

Total number of 
23 92 8 7 

cases 

Contrast not given 49 

Table 4. Metastases: Incidence of manifestations 

No. of cases (%) 

Systemic neoplasm evident 19 66 
Multiple 9 31 
Oedema 27 93 
Midline shift 20 69 
Ob li teration 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 
Irregular 6 21 
Negative 0 0 
Not given 5 18 

Tumour components 

Cystic 7 25 
Solid 19 68 
Mixed 2 7 
Infiltrating 0 0 

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

Ini tial 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 poted that we have not attempted in 
thisstudy to analyse those cases in which an equivocal report has 
been given, usually because of arte fact or minor anatomical asyrnrnetry, 
failing to exclude the presence of a tumour. In these cases tumour was 
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Table 6. Retrospective diagnosesa 

Enhancement Tumour component Correct (C) Differential Incorrect Overall 
(D) diagnosis (I) accuracy 

Cystic 38 (39%) 37 (97%) (3%) 

Irregular 
Solid 10 (10%) 9 (90%) (10%) C D I 
Mixed 38 (39%) 35 (92%) 3 (8%) 

98 (75%) 
Infil. 12 (11%) 12(100%) 95% 4% 1% 

Homogeneous Solid 22(100%) 17 (77%) 3 (14%) 2 (9%) 77% 14% 9% 
22 ( 17%) 

Mixed Cyst (50%) 1 (100%) 
50% 50% 

2 (2%) Infil. (50%) (100%) 

Cystic 3 (38%) 3( 100%) 

Negative Solid 2 (25%) 2(100%) 
100% 

Mixed 1 ( 13%) 1 (100%) 8 (6%) 
Infil. 2 (25%) 2(100%) 

Cystic 15 15(100%) 

Not given 
Solid 11 8 (73%) 2 (18%) (9%) 
Mixed 11 10 (91%) (9%) 

49 
Infil. 11 10 (91%) (9%) 
Normal x 

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 
C.A.T. 
diagnosis 

Correct 
Within differential diagnosis 
Incorrect 

Retrospective Correct 
C.A.T. Within differential diagnosis 
diagnosis Incorrect 

9 (31%) 
12 (41%) 
8 (28%) 

17 (59%) 
3 (10%) 
9 (31%) 

excluded either by clinical correlation or by anormal 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 alesion 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 10-
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 111 astrocytoma, 
were negative. Angiography was performed in 10 of these patients but 
only 1 had pathological circulation. 

Surgeons planning resection of alesion 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 be fore 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
flarnrnatory 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 cornrnon in metastases, because of the balancing effect of bilateral 
lesions. Ventricular narrowing, which is also a manifestation of mass 
effect, was equally cornrnon with both types of tumour. 

Cerebra 1 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 weIl 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 recornrnended 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. 
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Distinction between Types and Grades of Glioma 

Tables 4 and 6 show that calcification and homogeneous enhancement were 
more frequent in oligodendrogliomas and that oederna 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 dernand urgent 
solution. 
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a b 

Fig. la and b. Cystic astrocytoma. (al Plain scan. Right posterior temporal tumour, 
of mixed, but mainly low attenuation causing marked mass effect. (bl After intra
venous contrast. Irregular marginal enhancement 

a b 

Fig. 2a and b. Solid astrocytoma. (al Plain scan. Mass of brain density displacing 
calcified right choroid plexus anteriorly. (bl After intravenous contrast. Homo
geneous enhancement 

a b 

Fig. 3a and b. Mixed solid and cystic astrocytoma. (al Plain scan. In left frontal 
lobe, mass of higher attenuation than brain anteriorly and low attenuation posterior
ly. (bl After intravenous contrast. Enhancement anterior part of mass and rim en
hancement of cystic posterior component 
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a b 

Fig. 4a and b. Glioma. (a) Plain scan. Low density lesion right parietal lobe. (b) 
After intravenous contrast. Weil demarcated enhancement with small central low at
tenuation region and surrounding oedema 

a b 

Fig. Sa 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
tenuati on in right parietal lobe. (bl After intravenous contrast. Enhancement of 
ring showing irregular thickness characteristic of malignant neoplasm 

a b 

Fig. 6a and b. Infarct left temporal and posterior frontal lobes 14 days after onset. 
(a) and (bl 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,e~amples 
and because of their content named them cholesteatomas. VIRCHO~v (20) 
in 1855 favoured again the term pearly tumours. VON REMACK (,14) in 
1854 suggested that these tumours arose from misplaced epitnelial tis
sue; this was substantiated by BÖSTROEM 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 ha ir 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: 

1. In the region of the petrous apex and cerebellopontine angle 
2. In the suprasellar region 
3. In the cerebra 1 hemispheres 
4. Associated with the cerebellum and fourth ventricle 

*Department of NeuroradiolOgT, 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: 
2. Suprasellar: 

3. Intracerebral (including intraventricular): 
Frontal 

Parietal 
Temporal 

4. Cerebellum and fourth ventricle: 

Age distribution by decades is: 

Epidermoids 
Dermoids 

11-20 21-30 

2 
1 

31-40 

4 

41-50 

7 

7 dermoids 
4 epidermoids 
1 dermoid 

3 epidermoids 
2 dermoids 
1 epidermoid 
2 epidermoids 
2 epidermoids 

51-60 

4 
2 

61-70 

(7) 

(5) 

(8) 
(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 wo man 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 pe.trous 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 irregular 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 Fosterior 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 eisterns and 
into the Sylvian fissures. C.A.T. in the later stages of her illness 
showed extensive low (CSF) density areas throughout the basal eisterns 
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
monstra ted tumour extending superiorly through basal eistern 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 

Of 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 (~m = -10 to 
-40) adjacent to the left frontal horn and one can separate out the 
fat!CSF level in the right frontal horn (~m 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 alesion 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 re action 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 occ~r. 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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Fiq. Fig. 2 

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 Fig . 4 

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 Intracrania1 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 seanning 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 Britainl . 
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Findings 

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

Angiography. 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 ang~o
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 lit.erature 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. 
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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 be fore scanning since a small lesion 
can easily be missed if the appropriate area is not included. The cases 
we failed to diagno'se 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 

Convexity 

Parasagittal 
S ubfron tal 

frontal 
parietal 

temporal 
occipital 

Tuberculum sellae 
Sphenoidal ridge 
Cerebellopontine angle 
Ten tori um 
Cerebellar convexity 
Intraventricular 

Total 

15 
5 

9 
3 

26 
3 

13 
12 
8 
2 
3 

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 impressioq that C.~.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 Houhsfield 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 (3%) 

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

Hyperostosis 
marked 4 
slight 8 

Bone destruction 3 
Calcification 16 

Cystic 
major 4 

component 
minor 3 

severe 2 
Oedema moderate 11 

minimal 51 

marked 8 
Mass effect slight 44 

minimal 20 

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

Bone destpuction is also a rare plain X-ray manifestation, but i t was 
identified in three cases by C.A.T., as well as being obvious on the 
plain X-rays. 
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Calcification 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 oedema. 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, wi th 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, be fore 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 Lymphosarcoma 1 

Recurrence 24 
Cavernous angioma 

Multiple 5 
Craniopharyngioma 
Pituitary adenoma 

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) 

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-densi ty tumours in the cerebellor:;ontine angle wi th 
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 aeoustie neurinomas present 
a problem in this eontext. 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 be fore contrast enhancement. As noted 
from our tables the main problems are with vaseular 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 clinieal 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 se ries 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
traventrieular ependymoma or papilloma may also show similar features. 
Another area where in our experience it is unwise to make a specifie 
diagnosis of meningioma on C.A.T. alone is in the orbit and the retro
oeular 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 aceurate diagnostic tool yet available. Using 
contrast enhancement, it provided a specific diagnosis of meningioma 
in 90% of our 100 intracranial eases, 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 ean 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 seliae meningioma. Well-deiineated spherical mass with attenuation 
coefficients higher than normal brain tissue, encroaching upon the chiasmatic eistern, 
(a) before, (b) after intravenous contrast administration. Note homogeneous enhance
ment, outlining fuli extent of tumour 

Fig. 2. Sphenoidai ridge meningioma. Note large homogeneous dense tumour implanted 
on outer third of sphenoida l wing (a) bef.ore, (b) after intravenous contrast ad
ministration , demonstrating characteristic enhancement pattern 

Fig. 3. Tentor ial meningioma. Simiiar appearances to Fig. 2. Because of its localisa
tion a tumo ur of the pineal shouid 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 11, 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 

Astrocytoma gr. I 
Astrocytoma gr. II 
Glioblastoma 
Oligodendroglioma 
Spongioblastoma 
Meningioma 
Sarcoma 
Epidermoid 
Metastases 
Pituitary adenoma 
Craniopharyngioma 
Ependymoma 
Medul lob las toma 
Plexuspapilloma 
Acoustic neurinoma 
Angioblastoma 
Other tumours 
Unclassified tumours 

Total 
% 

No. 

72 
64 

251 
66 
27 

205 
23 

7 
159 
118 

32 
20 
30 

4 
62 
14 
48 

102 

1304 
100 

Tumour 
isodense 
(plain scan) 

11 
38 

3 
8 

28 
3 

31 
14 

5 
2 
4 

36 

5 
10 

199 
15.3 

Tumour 
negative 
(plain scan) 

4 
8 

3 
11 

12 
2 

5 

31 

3 
4 

84 
6.4 

Tumour 
negative 
(post-contrast scan) 

3 

4 

2 

3 
4 

17 
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 Munieh. 
**Dept. of Neuroradiology, University Hospital Mainz, Langenbeckstraße 1, 6500 Mainz 
(FRG) • 
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Table 2. Intracranial tumours not visualized in the contrast scan: an evaluation 
of 1304 neoplasms 

Type of neoplasm 

Craniopharyngioma 
Meningioma 
Acoustic neurinoma 
Neurofibroma 
Pinealocytoma 
Clivus chordoma 
Metastases 
Unclassified tumours 

Total 

No. 

1 
3 
2 

4 
4 

17 (1.3%) 

We find that the various masses exhibit differing absorptions and we 
differentiate between an inereased, a deereased, an equal and a mixed 
density of the tumour eompared to eerebral tissue. After eontrast in
jeetion the density may either inerease or remain unehanged. 

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

It is shown that astroeytomas of grade I nearly always exhibit a de
ereased density both before and after eontrast injeetion. On the eon
trary, astroeytomas of grade II give an inhomogeneous image in the 
plain sean. Contrast enhaneement oeeurred in 90% of the eases (Figs. 
1, 2). 

Glioplastomas (251 eases) 

In 65% of the eases the plain sean revealed a mixed density. There 
was a eombination of inereased and deereased density. Following intra
venous eontrast injeetion, the density in the tumour region nearly al
ways inereased. In the eases in whiyh a ring-shaped pattern is visible 
there is likely to be eentral tumour neerosis (Figs. 3, 4). 

Meningiomas 

A deereased density is never shown on the plain sean; the density is 
slightly inereased. After eontrast injeetion a distinet inerease of 
density develops. Meningiomas are relatively homogeneous in density 
and well-defined. 

Metastases (Figs. 5, 6) 

Absorption is extremely variable in the plain sean. After contrast in
jection a considerable inerease in density oeeurs. Here too, there are 



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
trieles. Tumour in the pineal region with compression of the third 
ventricle. 
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Examination on February 3 after X-ray therapy: Regression of the dila
tation of ventricles. No enhancement of the pinealoma. The third ven
triele 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 April 22: Compression of the third ventricle. Intensified 
tumour stain in both the regions of the left anterior horn and the 
septum. 

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

Examination of June 24: The tumour extent in both lateral ventricles 
has increased. Thc 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 weIl 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 11, 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 cerebra I 
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, be ar 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. 1. Astrocytomas; tumour density before enhancement 

Fig. 2. Astrocytoma; enhancement 
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Fig. 3. Glioblastoma (251 cases); tumour density before enhancement 

Fig. 4. Glioblastomas; enhancement (241 cases) 
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131 

48 46 

11 

hyperdense mixed 
Fig. 5 ' 

hypodense isodense positive 
Fig. 6 

negative 

Fig. 5. Metastases (159 cases); tumour density be fore enhancement 

Fig. 6. Metastases; enhancement (142 cases) 

May 10 Apr 22 

Fig. 7a 

Fig. 7a and b. Follow-up study of a patient with a pinealoma (see text) 
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Aug 20 Sept 20 

Fig . 7b 



C.A.T. Investigations of the Development of Cerebra! 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 oedema 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 ca se 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 typical 'poodle face' appears. 

In the case of temporal and occipital tumour localization, one recog
nizes a finger-shaped extension towards the front where three spread
out fingers may always be outlined. These consist of the oedematous 
extension to the internal capsule, the external capsule and the white 
matter of the temporal lobe (Fig. 1). 

In the region of the Sylvian fissure, two cortical zones join. Here a 
large area of tissue, when cut out by extensive oedema in the white 
matter may be mistaken for a tumour. 

*Cooperative study of the University Clinics of Berlin, Mainz and Munieh. 
**Oept. of Neuroradiology, University Hospital Mainz, Langenbeckstraße 1, 6500 Mainz 
(FRG) • 
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Cerebral oedema occurs most frequently in glioblastomas (90% of cases), 
metastases (82%), astrocytomas grade 2 (66%), meningiomas (64%), sar
comas (60%), oligodendrogliomas grade 2 (42%) (Table 1). 

Table 1. Brain oedema; 1304 patients with brain tumours 

251 Glioblastomas 90% 
159 Metastases 82% 

64 Astrocytomas grade 2 66% 
205 Meningiomas 64% 

23 Sarcomas 60% 
66 Oligodendrogliomas grade 2 42% 

In those cases of astrocytoma of grade 1 which show a decreased tissue 
density and which, due to their poor vascularisation, do not absorb 
any contrast medium, one cannot distinguish between tumour and oedema. 

The extent of perifocal oedema does not depend at all on the size of 
the tumour. Small metastases may be surrounded by oedema which spreads 
through half a hemisphere. On the other hand, large meningiomas may 
appear without any oedema or only with a slight oedematous margin. 

Not only do tumours of different kind and localisation occur with or 
without perifocal oedema but also histologically identical masses in 
the same localisation. C.A.T. is not able to display the factors re
sponsible for the differing oedema reactions of development. In some 
cases, however, there seems to be a correlation between the malignancy 
and rapidity of the tumour growth and the extent of the oedema. Nearly 
all tumour patients with the history of a rapidly progressive clinical 
deterioration exhibit extensive oedema. Entirely calcified tumours, 
pituitary adenomas, craniopharyngiomas, pinealomas and most of the in
traventricular tumours never show any oedema. 

It is rarer for tumours of the posterior cranial fossa to show oedema. 
This is traceable to the volume of th8 white matter in proportion to 
the preponderant volume of the grey matter and to the resolution of 
the scanner available. 

Our fOllow-up studies on the treatment of tumour-dependent cerebral 
oedema were made on more than 100 patients. 

Short-term treatment with dexamethasone or aldosterone from 3 to 5 days 
using doses between 16 and 24 mg/day resulted in only a few cases in 
which a significant change of the oedema was shown on C.A.T., although 
clinical improvement was obvious. 

During long-term therapy with dexamethasone for several weeks, however, 
even small doses (4 mg/day) are obviously capable of reducing the tu
mour-dependent oedema visibly. This, according to our observations 
made so far is, however, only recognizable in cases of malignant masses. 

In another group of patients treatment was carried out with dexametha
sone combined with furosemide (120 mg/day). Here too, one should dif
ferentiate between short-term and long-term therapy. In some cases, 
we could already observe an effect of therapy on C.A.T. after 3 to 5 
days. At first, a regression of the mass effect becomes apparent. The 
ventricle compressed on the tumour side re-expands slowly. In the re
gion of the visualized oedema too there is a tendency towards regres
sion (Fig. 2). 
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If this therapy is performed during aperiod of several weeks, complete 
regression of the cerebral oedema can be achieved. On discontinuation 
of therapy, the oedema re-appears. We therefore believe that a proven 
influence on the cerebral oedema due to a tumour can only be achieved 
through prolonged treatment using dexamethasone or dexamethasone com
bined with furosemide. 

Contrary to the perifocal oedema in cerebral tumours, oedemas due to 
acute vascular processes are demonstrable by C.A.T. both in white and 
grey matter. Following occlusions of larger arteries, the entire vas
cular supply area is visualized as a dark homogenous zone of decreased 
X-ray absorption. The diffuse extension of oedema into the white and 
grey matter is based on the pathomechanism of the vasogenous oedema. 
Such oedematous patterns are already observable in adults a few hours 
after the acute event. The shortest interval of time in children was 
3 h. On comparison of the average absorption value of tumour oedema 
with that of pure vascular oedema, no essential differences occur. In 
both oedemas we measure 10 to 12 EMI units. However, shape and locali
sation as well as extent and development display typical differences. 
In cases of tumours and cerebral infarcts, larger areas of oedema are 
space-occupying, with displacement of midline structures and ventricular 
compression. Signs of a space-occupying process for more than 3 weeks 
lead to suspicion of a tumour. 

At the earliest 3 to 4 days after insult, changes are visible in C.A.T. 
after enhancement, which point to disturbance of the blood-brain bar
rier. The maximum is between the 12th and 21th days. In the contrast 
scan we found that the low-density area could disappear and give way 
to a deceptive normal finding (Fig. 3). 

In cases of uncertain differential diagnosis, follow-up studies are 
crucial. 



Dec 10 

Fi g . 1 Fig . 2a 

Nov 27 Dec 10 

Fig . 2b 
Jan 26 Apr 22 

Fig. 1. Extension of the oedema in cases of temporal and occipital tumour (three 
fingers) 
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Fig. 2. (a) Glioblastoma right parietal (proven by autopsy). (b) Sam~ patient as (a). 
Regression of tumour oedema. November 27, 1975 be fore therapy with dexamethasone/ 
furosamide. December 10, 1975: after 13 days' therapy. January 26, 1976: of therapy 
60 days. April 22, 1976: after cessation of therapy, oedema reappears 
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Jan 2 Jan 6 Jan 16 

Jan 21 Jan 27 Febr 2 

Fig. 3. Follow-up studies of oedema in a patient with an infarct 



A Diagnostic Approach to Cerebellar Lesions 
1. L. Wilson and I. F. Moseley* 

The computerised axial tomograms C.A.T. of 105 patients with cerebellar 
lesions have been analysed in an attempt to determine the characteris
tics of the different lesions commonly encountered in this situation, 
with particular reference to differential diagnosis (1, 2). 

Method 

All C.A.T. scans in which a posterior fossa lesion had originally been 
reported were analysed. Extra-axial lesions or those involving primarily 
the brainstem were excluded (4, 5). The remaining cerebellar lesions 
were studied with reference to the following features: 

1. Modification in the size, shape and position of the fourth ventricle 

2. Areas of abnormal density, greater or lesser than surrounding brain, 
and their shape, position, extent and size in cm (corrected) 

3. The effects of intravenous contrast enhancement 

4. Cisterns: normal, widened, narrowed or obliterated 

5. Hydrocephalus: absent, slight, moderate or severe 

6. The presence or absence of periventricular lucency and the visibility 
and size of the temporal horns 

7. The presence or absence of other abnorrnalities, related or unrelated 
to the cerebellar lesion 

These data were correlated with the final diagnosis which, when possible, 
was obtained from histological reports. Cases which did not come to 
biopsy or post-mortern were excluded unless a firm conclusion could be 
reached on clinical, laboratory and radiological grounds. 

Results 

The analyses of the lesions analysed are shown in Tables 1-7. 

*Lysholm Radiological Department, The National Hospital, Queen Square, London WC1N 3BG. 
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Table 1. Results: final diagnosis 

As trocytoma 23 
Medulloblas toma 15 
Haemangioblastoma 11 
Ependymoma 5 
Metastasis 26 
Infarct 13 
Haemorrhage 3 
Angioma 2 
Demyelination 2 
Dermoid 2 
Infection 3 
Normal 1 
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(One patient had dual pathology) . 

Table 2. Astrocytoma Table 3. Metastasis 

Grade I 6 Type: 
II 9 Adenocarcinoma 11 III 4 
IV Squamous carcinoma 10 

Melanoma 1 
Ungraded 3 

Undifferentiated 4 

Table 4. Age and sex distribution 

Diagnosis Number Male Female Age Mean age 

Astrocytoma 23 17 6 2-70 years 20 
Medulloblastoma 15 10 5 2-47 years 14 
Haemangioblastoma 11 6 5 5-71 years 48 
Ependymoma 5 4 1 2 months - 40 years 14 
Metastasis 26 21 5 19-79 years 56 
Infarct 13 9 4 28-79 years 51 
Haematoma 3 2 1 7, 50, 71 years 
Angioma 2 2 21 and 33 years 
Demyelination 2 2 5 1/2 and 11 years 
Infection 3 2 2, 20, 42 years 
Dermoid 2 2 2 and 6 1/2 years 
Normal 10 years 

Astrocytoma (23 cases) 

The lesion was of lower than brain density in 16 cases, higher in 3 
cases and had mixed high and low density in 4 cases. The tumour was 
located in a cerebellar hemisphere in 14 cases, and in 2 of these it 
involved the adjacent cerebellar peduncle. In 6 cases the tumour was 
situated in the midline, while in 2 cases both hemisphere and midline 
structures were affected. Contrast medium was given in 17 cases; 11 
tumours showed enhancement, 4 in a r.ing pattern, 6 homogeneously and 
3 patchily. Presence and degree of enhancement was not clearly related 
to tumour grade (Figs. 1, 2). Hydrocephalus was moderate or severe in 
17 cases and absent or slight in 6 cases. The degree of ventricular 
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enlargement was not related to tumour grade 
or size, but to position: all midline tumours 
had at least moderate hydrocephalus, but the 
6 cases in which the hydrocephalus was absent 
or slight were all hemisphere lesions. 

Medulloblastoma (15 cases) 

The density of the lesion was increased in 
relation to normal brain in 11 cases and re
duced in 4.Ten of the tumours were situated 
in the midline and 5 in a hemisphere. Size 
varied from 1.8 cm to 5.0 cm and shape was 
usually circular or oval. Contrast medium 
was given in 10 cases, of which 4 showed patchy 
enhancement (Fig. 3), 4 homogeneous enhance
ment and 2 equivocal change only. A ring pat
tern was not observed. Since enhancement was 
often slight or patchy, the extent of asso
ciated oedema was difficult to asses. Hydro
cephalus was moderate or severe in 8 cases 
but slight only, or absent, in seven, and was 
generally associated with obvious compression 
of the fourth ventricle. Periventricular lucen
cy was seen in 4 cases, all of which had di
lated ventricles. Two patients had supra
tentorial tumours in addition to the posterior 
fossa lesion. These were regarded as evidence 
of metastatic or multifocal medulloblastomas. 
Obliteration of the basal cisterns was the 
rule with all types of tumour but in one case 
of medulloblastoma the cerebellar cisterns 
were widened over the surface of the hemisphere 
containing the tumour. 

Haemangioblastoma (11 cases) 

All tumours were low in density and two showed 
a mural nodule of less reduced density. Seven 
tumours were in a cerebellar hemisphere, three 
lay in the midline and one affected both loca
tions. Contrast medium was given in all aases: 
seven showed enhancement of a nodule (Fig. 4). 
No enhancement was seen in three cases and one 
case showed ring enhancement. Two cases proved 
to be solid tumours: one of these showed homo
geneous enhancement anterior to a low density 
area (presumably oedema) and the other case 
showed ring enhancement. In at least two cases 
small additional tumours near the base, sub
sequently shown angiographically, were not 
identified on C.A.T. Hydrocephalus was moderate 
in eight cases, grass in two and absent in 
one. Periventricular lucency was seen in four 
cases. 



127 

Ependymoma (5 cases) 

Three lesions were of patchy high and low density, one of increased 
density and the last was a tumour having the same density as the sur
rounding brain. All tumours were situated in the midline, but two also 
spread to both hemispheres. Contrast medium was given in four cases and 
showed homogeneous enhancement in one and patchy enhancement in three. 
Hydrocephalus was moderate or severe in four cases and slight in only 
one. Periventricular lucency was seen in three patients, including the 
one in whom the hydrocephalus was slight. The fourth ventricle appeared 
dilated in two cases, both of whom had hydrocephalus involving also the 
third and lateral ventricles. In one case with a malignant ependymoma 
a mass was seen in the right lateral ventricle, presumably representing 
a metastasis. 

Metastasis (26 cases) 

Eleven cases showed reduced density, 10 increased and 5 were of patchy 
high and low density. Alterations in density were not clearly related 
to the histology of the tumour. In 17 cases the tumours were in the 
hemispheres: of these, 1 had bilateral tumours (Fig. 5a) and in another 
the tumour also involved the peduncle. Six lesions also involved the 
vermis; only two tumours were confined to the midline structures. Con
trast medium was given in 22 cases, producing no enhancement in 4, 
homogeneous enhancement in 10 (Fig. Sb), patchy enhancement in 5 and 
ring enhancement in 4. Hydrocephalus was absent or slight in 15 cases 
and moderate in 11, despite the fact that the fourth ventricle was 
obliterated in 8 cases and compressed in 16. The degree of ventricular 
dilatation was only loosely related to tumour size. Definite periven
tricular lycency was seen in 9 cases, all but one of which involved 
moderate hydrocephalus. The basal cisterns were obliterated in 11 cases. 
Seven involved multiple tumours; in 5 of these the other lesions were 
in the cerebral hemispheres, while 2 cases each had two cerebellar de
posits. 

Infarct (13 cases) 

Twelve of these lesions were reduced in density and 1 showed patchy 
mixed and normal density (Fig. 6a). In 12 cases the hemispheres were 
affected and in 4 of these there was also involvement of the peduncle. 
The remaining case was a midline infarct. Contrast medium was given 
in 10 cases, producing slight enhancement of the border of the lesion 
in 4. Hydrocephalus was absent in 6 cases and slight in 6, but the re
maining patient (with an infarct of the upper hemisphere and peduncle) 
did show moderate third and lateral ventricular dilatation with peri
ventricular lucency. In this latter case the fourth ventricle was dis
placed and compressed; it was also seen to be compressed in 3 other 
cases. The cisterns were normal or widened in 7 cases and obliterated 
only in 2. Three patients also showed low density in the brainstem, 
consistent with infarction (Fig. 6b), and 3 had cerebral infarcts. 
Cerebral atrophy was present in 2 cases, 1 of which also showed cere
bellar atrophy. 
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Haemorrhage (3 cases) 

All these showed the typical high-density appearance of clotted blood, 
situated in the hemisphere, midline and in both respectively. The 
fourth ventricle and cisterns were obliterated in all three cases, 
and hydrocephalus was moderate in two cases and mild in one. One case 
showed, in addition, blood in the third and lateral ventricles. Con
trast medium was given to one patient, but showed no additional ab
normality. 

Angioma (2 cases) 

One lesion occupied the whole of one hemisphere, while the other, 1 cm 
in diameter, lay alongside the fourth ventricle. Despite the fact that 
the fourth ventricle was distorted in both cases, neither showed hydro
cephalus. Both angiomata were originally higher than normal brain den
sity and enhanced markedly after Conray injection. 

Demyelination (2 cases, both children) 

The abnormality showed as a low density involving the white matter of 
the cerebellum and adjacent peduncle. There was no mass effect and no 
enhancement. In both cases the difference in density might have been 
thought to be artefactual, but in the first case the abnormality cor-' 
related well with the clinical picture and was present on three sepa
rate examinations. In the second case a follow-up scan 20 days later, 
at a time when there had been clinical improvement, showed resolution 
to normal. 

Infection (3 cases) 

Ohe tuberculoma showed patchy low density in the middle of the posterior 
fossa, with enhancement after contrast medium injection. An aspergil
loma showed as a large mass in the right hemisphere, of patchy high 
and low density with slight patchy enhancement. One infected dermoid 
presented a large midline, low density containing a ring of less re
duced density representing the capsule, which enhanced markedly. All 
cases showed obliteration of the fourth ventricle and cisterns, but 
only two showed moderate hydrocephalus. 

Dermoid (2 caseSi 1 infected, see above) 

Both lesions were of mixed density and both showed some enhancement. 
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Normal (1 case) 

This case has been included as representing a true false positive. 
The patient, a child of 10, had ataxia and papilloedema. C.A.T. scan 
showed a very striking increased density in the inferior vermis, with 
moderate homogeneous enhancement after Conray injection. There was no 
displacement or compression of the fourth ventricle and no hydroce
phalus. At surgery no lesion was found. The appearances seen in this 
case have subsequently been observed fairly frequently and may be due 
to a combination of a prominent choroid plexus blush, the dense grey 
matter of the inferior vermis and artefact resulting from the proximity 
of the base of the skull. 

Hydrocephalus 

Recognisable ventricular enlargement was seen in 75 of the 88 cases 
with a space-occupying lesion (85%) (Table 5). In contrast, hydroce
phalus was recognised in 7 of the 17 cases with non-space-occupying 
conditions (41%) (infarcts, demyelination, angioma). Periventricular 
lucency was seen in 33 of the 88 cases with a space-occupying lesion 
(40%), as compared to 1 of 17 of the other group (6%). In the various 
tumour categories periventricular lucency was most common in the me
tastases, in spite of the relative lack of severe hydrocephalus in this 
group. In 46 cases the results of retinoscopy were obtained. Twenty
five patients had papilloedema and of these·21 had hydrocephalus (84%). 
Twenty-three patients with papilloedema had visible or definitely en
larged temporal horns (92%), and only 2 had temporal horns of normal 
size. Periventricular lucency was seen in 16 of the cases with papil
loedema (64%). In 21 patients without papilloedema 11 had enlarged 
ventricles (52%), 8 had visible or enlarged temporal horns (38%) and 
6 had periventricular lucency (28%). 

Discussion 

It is thus possible to construct a paradigm of each of the tumour types 
seen (3, 6): 

1. Medulloblastoma: a teenage boy, showing a midline tumour of increased 
density, enhancing homogeneously or patchily; hydrocephalus may or may 
not be present 

2. Astrocytoma: a young man having a low density lesion in one hemi
sphere, showing homogeneous or ring enhancement and causing moderate 
hydrocephalus 

3. Ependymoma: a boy with a midline lesion as dense or denser than nor
mal brain; which enhances patchily and is associated with hydrocephalus 

4. Haemangioblastoma: a patient of either sex and any age with a hemi
spheric low density lesion, showing considerable enhancement of a' nodule 
and causing mOderately severe hydrocephalus 

5. Metastasis: an elderly man with a rather small lesion of any density 
in the cerebellar hemisphere, enhancing homogeneously or patchily and 
unassociated with marked hydrocephalus: a second lesion may be present 
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There is, however, sufficient overlap, as regards not only single cases 
but also general characteristics (compare the medulloblastoma and the 
ependymoma above), to make a definitive tissue diagnosis impossible in 
the majority of cases. 

Infarcts were usually easy to distinguish from tumours because of their 
low density and lack of mass effect, but one case had patchy high and 
low density. Several were causing compression of the fourth ventricle 
and one caused moderate hydrocephalus. In a number of cases there were 
infarcts in other parts of the brain. In most cases the clinical diag
nosis of an infarct was obvious; however, C.A.T. is the only investiga
tive method which actually shows the lesion. The pattern of enhancement 
of lesions after the injection of intravenous contrast was variable; 
the only specific type of enhancement was the dense homogeneous mural 
nodule seen in patients with haemangioblastoma. It is worth noting that 
this nodule was not seen in three of the cases and overlapping sections 
are necessary to avoid overlooking a single nodule or to detect the 
presence of multiple nodules. It is therefore probably still necessary 
to per form angiography to determine the exact number and the site of 
the haemangioblastoma nodules. 

Ventricular dilatation was seen in a high proportion of the patients 
with a space-occupying lesion. Marked enlargement was less common in 
the metastases than in the primary brain tumours. Hydrocephalus was 
also seen in the great majority of patients with papilloedema; however, 
in a few of these cases the only sign of ventricular enlargement was 
temporal horn dilatation. Hydrocephalus was much less frequent in the 
patients with conditions which do not usually have a space-occupying 
effect. The notable exception was the infarct where there was moderate 
ventricular dilatation in one case and slight dilatation in six. Peri
ventricular lucency was much commoner in patients with a space-occupy
ing lesion and was particularly common in patients with metastases, 
in spite of the absence of severe hydrocephalus in this group (Table 
7). The appearance is thought to represent transependymal absorption 
of CSF and, when present, is a reliable sign of obstruction to the CSF 
pathways. Hydrocephalus and temporal horn enlargement were seen in a 
smaller number of patients without papilloedema. At least some of these 
probably did have raised intracranial pressure without papilloedema. 
Unfortunately, it was not possible to correlate the C.A.T. appearances 
with the CSF pressure data. 

Summary 

In the analysis of cerebellar lesions certain patterns emerge. It is 
possible to distinguish between various types of pathology according 
to site, size and density and on behaviour after contrast injection. 
However, the overlap between the various categories is such as to make 
a definitive tissue diagnosis impossible in the tumour group. Infarcts 
are usually easy to recognise and haemorrhage, when fresh, should give 
no problem. 
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a b 

Fig. la and b. Grade 11 astrocytoma: a) be fore contrast, b) after contrast 

a b 

Fig. 2a and b. Grade I astrocytoma: a) before contrast, b) after contrast 

a b 

Fig. 3a and b. Medulloblastoma: a) be fore contrast, b) after contrast 
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a b 

Fig. 4a and b. Cystic haemangioblastoma: a) before contrast, b) after contrast 

a b 

Fig. 5. (a) Metastases from carcinoma of the breast - after contrast, (b) metastasis 
from bronchial carcinoma - after contrast 

a b 

Fig. 6. (a) L. cerebellar infarct and atrophy, (b) L. cerebellar infarct and brain
stern infarct 



C.A.T. Scanning in Tumours ofthe Cerebellopontine Angle 
T. T. King and lA.B. Ambrose* 

The most common tumour of the cerebellopontine angle is the acoustic 
neuroma. A great improvement in the diagnosis of this lesion has oc
curred in the last 15 years or so, owing to the work of House, who has 
demonstrated that the tumour can be detected when quite small. The 
technical advances which have brought this about are the elaboration 
of neuro-otological tests to distinguish between deafness of cochlear 
and of neural origin, improved tomographie techniques for the demon
stration of enlargement of the internal auditory meatus, the use of 
tomography allied to air encephalography to show relatively small 
tumours in the cerebellopontine angle, and of posit:ive contrast cis
ternography to show tumours confined to the internal auditory canal. 

The effectiveness of these methods is shown by the fact that in the 
last 8 years the departments of otology and neurosurgery at the London 
Hospital have had experience with about 120 acoustic nerve tumours, 
about half of which would be regarded as small by previous standards. 
In the last 18 months we have carried out C.A.T. scans on 28 proven 
cases as an additional method of investigation, and this paper presents 
our experience with this tool, its advantages and its limitations. We 
have classified the tumours according to size into three groups, small 
tumours are confined to the internal auditory canal or just protrude 
through it into the cerebellopontine angle. Medium tumours extend into 
the intracranial cavity for up to 2.5 cm and clinically are accompanied 
only by eighth and sometimes seventh nerve abnormalities. Large tumours 
are 3 cm or more in diameter and usually, but not always, produce neuro
logical abnormalities. All tumours with neurological findings on exam
ination were in this group, but some tumours proven to be large radio
logically and at operation had no neurological signs. 

A large acoustic nerve tumour is easily recognised on the C.A.T. scan. 
Hydrocephalus, if present, is readily demonstrated, and the fourth 
ventricle is displaced towards the opposite side (Fig. 1), but it is 
difficult to recognise obliteration of the cerebellopontine angle cis
tern, owing to low-density artefacts in this region. The tumour may 
not be visible on the ordinary scan although it sometimes can be seen 
clearly (Fig. 6). Following the intravenous injection of 60 ml of 
meglumine iothalamate, the density and visibility of the tumour are 
enhanced (Fig. 2), though the extent to which this occurs varies a 
good deal (Fig. 3). For the purposes of this paper we have graded it 
roughly into two groups: slight and marked. Of 21 tumours detected, 
5 enhanced poorly and 16 markedly (Table 1). The size of the tumour 
did not seem to be an important point in determining this. 

The C.A.T. scan can give information about the anatomy and physical 
constitution of the tumour not available by any other method. The pre
sence of a cyst within the tumour is easily recognised even without 
enhancement (Figs. 4 and 5) and this is a considerable help to the 

*The Department of Neurosurgery, The Landon Hospital, London, E.l. and The Department 
of Radiology, Atkinson Morley's Hospital, London, S.W.20. 
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Table 1. Enhancement with conray 

Poorly Markedly 

5 16 

surgeon, as it suggests that the operation may be rendered easier. 
Knowledge of where the cyst lies within the tumour allows it to be emp
tied early in the procedure giving extra room when it is most needed.' 
A finding which has emerged from C.A.T. scanning and which confirms 
an impression from operation, is that the anatomical disposition of 
the tumour may vary from case to case, that this is due to variation 
in the direction of growth of the tumour and that these variations in 
anatomical relationships may influence the difficulty of the operation, 
the postoperative course and the possibility of preserving the facial 
nerve in the case of large tumours. Figures 6 and 7 show a large tumour 
which enhances very well and which is seen to extend medially and for
wards so that its inner border crosses the midline and comes very close 
to the median groove of the pons. The extent of distortion of the brain 
stern is easily seen, and one would expect that removal of such a mass 
would lead to considerable postoperative brain stern disorder, as in
deed was the case. Figure 8 shows a tumour which has extended backwards 
more than it has medially, so that the principal indentation is in the 
cerebellum and middle cerebellar peduncle rather than the pons. The 
turnour also contains a cyst in its dorsal part. At operation the pons 
was less exposed at the end of the procedure than is usual, and the 
facial nerve was preserved with good function after the operation. 
Figure 9 shows a tumour of unusually elliptical cross-section having 
its long axis pointing medially and somewhat backwards. 

An important point which needs to be known is the smallest size of tu
mour which can be detected. On general grounds one would expect that 
intracanalicular tumours would not be demonstrable. In this material, 
two small tumours were not seen and a third was reported as being vis
ible, but review of the scan shows this to be a false positive. All 
the large tumours were demonstrated although not, as we have shown, 
with equal clarity. It is in the medium group which covers lesions 
from about 0.5 cm to about 2.5 cm in diameter in the cerebellopontine 
angle that the limit of resolution must lie. Our figures show that 
two-thirds of these were detected, usually guite easily (Fig. 10). 
Arnong the four that were missed, three were between 1 and 1.5 cm in 
diameter and a tumour of 2 cm was not seen, but retrospective studies 
suggested this was because the scans were made too high, for we have 
had a nurnber of tumours of this size which were readily detected. 

It looks as if somewhere between 1 and 1.5 cm is the limit of resolu
tion and that the demonstrate tumours of 2 cm or so, care must be taken 
to get the cuts at the right level. 

Summary 

The C.A.T. scan has proved a valuable method of detecting acoustic 
nerve tumours of 2 cm or more in diameter, and obviates the need for 
air studies or other neuroradiological procedures in these cases. It 
has the advantage, too, of demonstrating the anatomical relationships 
of the tumour and brain stern, information not obtainable by any other 
method, and will inform the surgeon of the presence of a cyst within 
the tumour. We think that a negative C.A.T. scan in the presence of 
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Table 2. C.A.T. scans in 28 acoustic nerve tumours 

Size of tumour Number Scans 

Positive Negative 

Large 13 13 0 
Medium 12 8 4 
Small 3 0 3 

Totals 28 21 7 

a strong suspicion of a medium or small tumour is probably an indica
tion for positive contrast cisternography rathern than an air study. 

AaknowZedgements. We are indebted to Mr. Andrew Morrison, under whose care 
the majority of these cases were admitted and to Dr. Ian Wylie for 
neuroradiology. 
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Fia. 3 Fiq. 4 
Fig. 1. Right sided tumour, invisible in unenhanced scan. Fourth ventricle displaced 

Fig. 2. Same case as Fig. 1 with enhancement 

Fia . 3 Fiq. 4 

Fig. 3. Poorly enhanced right acoustic nerve tumour 

Fig. 4. Cystic right tumour, unenhanced. Both low and high density areas are visible 

Fig . 5 Fig. 6 

Fig. 5. Same case as Fig. 4 with enhancement 

Fig. 6. Large left tumour, visible without enhancement 
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Fig. 7 Fig. 8 

Fig. 7. Same case as Fig. 6. Medial extension of tumour and distortion of brain stern 
is seen 

Fig. 8. Cystic tumour, enhanced. It has grown mainly backwards, into cerebellum 

Fig . 9 Fig. 10 

Fig. 9. Poorly enhanced tumour, extending medially and backwards 

Fig. 10. Tumour of 2 cm, enhanced 



C.A.T. Studies ofTumours ofthe Skull Base and Face 
J. M. Caille, A. Dop, P. Constant, and J. L. Renaud-Salis* 

Although C.A.T. has amply proved its effectiveness in exploration of 
the head, it is beginning to reveal its defects and inadequacies in 
other areas. With the skull base and the face, its performance is mar
kedly inferior. Our study is concerned with the limitations of C.A.T. 
in these areas. 

Material and Methods 

All our patients were investigated using a Total Body Scanner (Acta 
Scanner) equipped in short scan with a 160 x 160 matrix. Each rotation 
provides two slices 7.5 rnrn thick and 3 rnrn apart. The theoretical spatial 
resolution is 1.5 rnrn and the densitometric resolution 0.5%. The density 
of water is 200 on a scale of 2048 levels. 

We examined 32 patients who presented, or had presented, tumours of 
the skull base or the face. We excluded from the study intracranial 
extra-axial tumours near the base or invading the base: neurinomas, 
meningiomas, hypophyseal tumours, etc. 

The C.A.T. problems posed by these tumours are essentially the same as 
those posed by intra-axial turnours. For the same reasons we excluded 
primarily intraorbital tumours, as ernbryology, anatomy, physiology and 
now C.A.T. all show that the fundus oculi is an organ indissociable 
from the brain itself. 

Of these 32 patients, 11 were examined be fore and after injection with 
iodinated contrast medium; 4 were examined before and after radio-' 
therapy; 4 were examined for the first time only after radiotherapy. 

Results 

The mean density of most of the tumours is compared to that of the 
lateral pterygoid muscles. The distribution of the densities of these 
tumours in relation to the density of the external pterygoid muscle 
is roughly syrnrnetrical: 9 were more dense, 7 of the same density and 
7 less dense (Fig. 1). 

The density of the pterygoid muscle was taken as a reference level be
cause the muscle is large, always visible no matter what window is 
used for reading the slices, usually situated near the turnoral process; 
it also provides an important reference point for evaluating turnoral 
extensions towards the pterygo-maxillary region. 

*Service de Neuro-Radiologie: Centre Jean Abadie, Bordeaux (France) . 
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After contrast injection (11 patients - Fig. 2) the distribution of 
densities c~anged: 

Three tumours had a density above that of lateral pterygoid by, on 
average, 8 to 14 points. 

Six tumours had the same density as that of the muscle. 

Two tumours had a density lower by 4 to 6 points. 

Thus most of the tumours (8 out of 11) had a density comparable to or 
only slightly below that of the lateral pterygoid. 

Changes of Tumoral Density as Compared with Density of the Muscle after 
Contrast Injection 

In four cases, initial density very much above that of the muscle di
minished and became identical or very nearly identical to that of the 
muscle. 

In one case, tumoral density compared to that of the muscle changed 
from +4 to -4 points. The contrast thus remained the same. 

In one case, the density remained the same as that of the muscle both 
be fore and after injection. 

In five cases, the density increased after injection: 

in one case, it changed from -10 to -4, the new density being thus 
closer to that of the muscle after injection; 

in one case, the increase was very slight (+ 2 points); 

in three cases, the increase in contrast was significant, with final 
densities of +10, +14, +16. 

Thus only four tumours became markedly more visible after contrast. 
They were: an angiosarcoma, an extracranial meningioma, a tumour of 
the cavum oris and a chordoma 

Tumours and Radiotherapy (Fig. 3) 

Four patients were examined be fore and after radiotherapy; four were 
examined only 6 months to 3 years after radiotherapy. 

After radiotherapy only one of these tumours had a density equal to 
that of the lateral pterygoid muscle. The other 7 had a density very 
much below (-4 to -10 pOints) . 

The decrease in density for the 4 patients examined be fore and after 
radiotherapy was of 8 points on average. Contrast injection of these 
irradiated and apparently inactive tumours did not change their density. 

Tumours of the Skull Base (12 Cases) 

The majority of these cases were examined secondarily. C.A.T. was car
ried out in order to determine their extent as exactly as possible 
before treatment. 
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Tumours of the Sinuses (9 Cases) (Figs. 4, 5) 

Out of eight cases of cancer of the maxillary sinus (six epidermoid 
carcinomas) in which tumoral and muscular density were compared, seven 
had a density equal to or below that of the muscle. 

(Two cases - identical density and five cases - lower density). 

After radiotherapy (four cases) the density was still 5 to 6 points 
below that of the muscle. 

In the two cases the density which before radiotherapy had been the 
same as that of the muscle became, 2 and 6 months after therapy, lower 
by 6 to 8 points. 

Tumours of the Cavum Oris (5 cases) (Fig. 6) 

In these five cases, the existence of the primary tumour was not known 
be fore C.A.T. Three of them had already been irradiated for apparently 
primary cervical lymph node disease be fore C.A.T. Conventional X-rays 
were considered normal in all cases, and in 4 cases the pharyngoscopy 
was negative. C.A.T. allowed guided biopsy which thus confirmed the 
diagnosis. 

The five patients were examined before and after contrast injection. 
In four cases the contrast of the tumour decreased or remained the 
same after injection of iodinated contrast agent: the difference of 
density remained the same or approached that of surrounding structures. 
In only one case did the injection allow diagnosis of a tumour: the 
density before injection was identical to that of the pterygoid muscle 
but after contrast injection was 10 points above it. 

Discussion 

The effectiveness of C.A.T. should be discussed under two headings: 
densitometric and morphological. 

The achievements of this technique in the investigation of the brain 
can be explained by anatomical and physiological particularities. We 
are dealing with a symmetrical structure which if not homogeneous has 
at least very narrow variations of density. It is thus possible when 
reading slices of the brain to use small windows which show up density 
variations of 0.5 to 1% if the lesion is sufficiently large. 

Moreover, most of the pathological processes investigated by C.A.T. 
are relatively easy to recognise by virtue of: 

their effects on the fluid compartments (ventricular dilation or 
deformity) ; 

the oedema which often accompanies them; 
their own density. 

There is a final factor which explains in large part the achievements 
of this technique. Very often there are changes in the blood-brain 
barrier: in a tumour of neural origin, on the periphery of a metastasis 
or an abscess, during the evolution of an infarct. These changes allow 
one, after injection of iodine, to opacify a tumour, an abscess, peri
metastatic oedema, etc. The tumoral vascular pool is only responsible 
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for a very small part of this opacification. It represents (as Gado) 
has weIl shown) only 6 to 7% of tumoral volume. This enhancement is 
easier to see since after contrast injection adjacent healthy paren
chyma changes in density only very slightly (1 to 2%). The densitometric 
and optical contrasts thus become very clear. They are represented by 
3 to 15 points difference on the density scale. The structures of the 
skull base and face are very heterogeneous and the densities vary con
siderably on the same slice (as between air-filled cavites, fat, mus
cular mass, bones) . It is not possible, when studying all these struc
tures together, to use narrow windows which show up small differences 
in density; however, when wide windows are used here, they smooth out 
the picture and mask small differences of density, thus decreasing the 
performance of the C.A.T. 

Obviously, outside the head there is no blood-brain barrier and the 
only things to be taken into account in tumoral differentiation are 
the tumoral vascular pool and the possible diffusion of the iodine into 
the extra-cellular spaces - on condition that the density of the tumoral 
environment remains stable or changes in the reverse direction. 

After contrast injection it is no longer possible, using C.A.T. alone, 
to recognise all tumoral processes (Fig. 7). The distribution of tu
moral densities compared with that of the pterygoid muscles is roughly 
symmetrical. In nine cases the density is higher, in seven cases the 
same and in seven cases lower. In seven cases it is indissociable from 
its environment, in nine cases it is significantly more dense and in 
seven cases less so. 

Out of 11 patients injected with contrast medium, in seven cases the 
density remained the same or approached that of the pterygoid muscles. 
After injection the muscular masses become more dense (+10 to +15 
points) not so much because of the vascular pool of the muscle as be
cause of the diffusion of iodine into the muscular mass through fenes
trations in the capillaries (Pappenheimer). The tumoral vascular pool 
is in most cases incapable of producing a density increase equal or 
superior to that of the muscle. In three cases the density increase 
was clearly above that of the muscle. In one case there was an angio
blastic sarcoma and although the vascular pool was considerable, there 
was certainly also some extravascular diffusion. One case was of extra
cranial meningioma. The ease with which contrast medium diffuses in 
healthy meninges and in meningiomas is weIl known: this diffusion 
explains the opacification. The last was a tumour of the cavum oris. 
We were not able to advance any explanation here. Thus, apart from 
certain cases in which the vascular pool and extravascular diffusion 
were particularly marked, injection of iodine masked rather than ac
centuated the tumoral mass. 

Tumours Already Treated by Radiotherapy (Fig. 8) 

Eight patients were examined after radiotherapy; four of them both 
be fore and after. 

These densities were distributed in a very peculiar fashion since seven 
of them were 4 to 10 points below that of the pterygoid muscles and one 
had the same density. In the four cases examined both be fore and after 
radiotherapy, the density decrease was of 8 points on average. This 
decrease was explained by postradiological histology since the tissue 
had become fibrous and almost totally avascular. It should be noted 
that for the three patients who were injected, tumoral density did not 
vary after injection. Our series is of course too small to permit one 
to draw definitive conclusions but this would seem to be a possible 
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method for checking the evolution of an irradiated tumour. Any increase 
in density must·give rise to fears of a resumption of tumoral activity. 

Although C.A.T. with iodinated contrast medium seems to be less ef
fective at the skull base than in the brain, morphological studies on 
the other hand would seem to be of considerable use. Conventional tomo
graphy demonstrates the bone structures very weIl but it does not show 
up endo- and extracranial prolongations, especially those in the pterygo
maxillary fossa. Also, the determination of target volume in radiother
apy makes the use of transverse axial slices desirable. For these 
reasons C.A.T. has seemed to us of the greatest usefulness in studying 
osseous tumours of the skull-base. If windows of width 150 to 200 units 
are used, the outline of the bone structures appears quite clearly, 
and two slices suffice to determine the tumoral volume. It is then 
easy to reproduce the picture in its real dimensions and to plot the 
iosodose curves. For the same reasons C.A.T. examination of tumours 
of the maxillary antrum is now performed as a matter of course. Destruc
tion of the posterior wall, possible infiltration of the pterygo-maxil
lary fossa and extension upwards towards the skull base are easily 
studied on three slices (Figs. 5 and 6). In some cases we also used 
semi-axial slices which defined tumoral volume even more exactly. 

The superiority of C.A.T. seem to us incontestable in the diagnosis of 
tumours of the cavum oris. Five patients presented, at examination, 
apparently primary cervical adenopathies and in four cases conventional 
radiology and pharyngoscopy were considered normal. C.A.T. showed de
formity of the cavum oris and, in four cases, tumoral hyperdensity. 
Biopsy guided by C.A.T. allowed precise histological diagnosis to be 
made (Fig. 7). 

Conclusions 

C.A.T. is much less effective for tumours of the skull base than for 
intra- or extra-axial intra-cranial tumours both because wide windows 
are necessary to read the slice and because we do not possess a den
sitometric contrast product. In the brain, iodine highlights any break
down of the blood-brain barrier, diffusing sufficiently into the extra
cellular spaces to opacify most tumours. This marker, non-selective 
but very useful where the brain is concerned, becomes more of a hind
rance than a help when dealing with the face, because of the consider
able intramuscular diffusion. However, from a morphological point of 
view the contribution of C.A.T. seemed to us substantial in that it 
allowed precise definition of tumoral volume and thus better adaptation 
of radiotherapy. 

It would seem to be quite effective in the diagnosis of tumours of the 
cavum oris and in examination of apparently primary malignant cervical 
adenopathies. 

Technological progress and the development of selective markers will 
doubtless allow the use of C.A.T. not only for its morphological con
tributions but also for its incontestably useful densitometric applica
tions. 
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Fig. 1. Density of 23 soft-tissue tumours relative to lateral pterygoid muscle. 
Horizontal axis: density: greater than lateral pterygoid (to right) in ACTA number; 
lesser (to Zeit); vertical axis: number of cases 
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Fig. 2. Density of 11 tumours relative to lateral pterygoid muscle after intravenous 
contrast medium injection (see Fig. 1 for explanation) 

Fig. 3. Density of 8 tumours examined after radiotherapy, relative to lateral ptery
goid muscle (see Fig. 1) 

Fig. 4. Epidermoid carcinoma of the left maxillary sinus 



Fig. 5. Enormous carcinoma of right maxillary sinus (3 slices give exact tumoral 
extension) 

Fig. 6. Nasopharyngeal tumour: on the left, deformation and increased density of 
right lateral wall (arrows) 
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Fig. 7. Nasopharyngeal tumour before and after contrast medium injection: on the 
left, before injection: increased density easily visible; on the right, after in
jection, increased density no longer visible 
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Fig. 8. After the determination of tumour volume isodose curves are plotted. Example 
of radiotherapy simulation in a case of left maxillary sinus carcinoma 



Tumours and Other Lesions of the Visual Pathways 

The Comparative Values ofVarious Neuroradiological 
Investigations in the Diagnosis of Intracranial Optic Pathway 
Lesions 
P. Michotey*, I. F. Moseley**, G. Lecaque*, and P. Palmieri* 

The purpose of this study is to establish the relative roles of the 
available neuroradiological procedures in the diagnosis of lesions of 
the intracranial optic pathways since the development of C.A.T. 

Morphology and vascular anatomy together represent the basic radio
logical da ta required for definition of any lesion. In this paper, we 
shall assess the usefulness of C.A.T. and other neuroradiological meth
ods in the various sites, rather than attempting to describe the large 
range of pathological appearances which may be encountered. From a 
clinical viewpoint, most of the patients examined for this study pre
sen ted predominantly ophthalmological symptoms and signs, particularly 
field defects. 

Four sections follow, corresponding to the various portions of the 
optic pathways, each necessitating a different detailed radiological 
approach: the optic chiasm, the optic tracts and lateral geniculate 
bodies, the optic radiations and the occipital cortex. 

Intracranial Optic Nerves and Chiasm 

Abrief anatomical description will aid the understanding of lesions 
situated in the suprasellar region. 

The chiasm is a quadrilateral plate of white matter, extending vertical
ly upwards and backwards. It is formed by the conjunction of the two 
optic nerves, which constitute its anterior corners; the posterior 
corners are formed by the initial portions of the optic tracts. Lying 
in front of the third ventricle, the chiasm forms its anteroinferior 
wall. Differences in the position and length of the optic nerves and 
chiasm are numerous, and explain the variable effects of pituitary 
adenomas on the chiasm, giving rise to field defects, which are more 
pronounced when the optic nerves are short, or the chiasm is in a low 
position. 

The chiasm is supplied by numerous small arteries: it lies between the 
terminal portions of the internal carotid arteries, and its lateral 
surfaces are supplied by small vessels arising from them. The two an
terior cerebral arteries pass medially anterior to the optic nerves, 
and, together with the anterior communicating artery, vascularise the 
anterior segment of the chiasm. Finally, the posterior and inferior 
surfaces of the chiasm are supplied by small vessels arising from the 
posterior communicating" artery. 

*Radiologie Vasculaire et Neuroradiologie, H6pital de la Timone Marseille. 
**Lysholm Radiological Department, National Hospital for Nervous Diseases, London 
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This complex configuration, and the possible anastomoses uniting all 
these tiny arteries make it impossible to demonstrate the vascular 
supply of the chiasm on currently available angiograms. 

Clinically, of course, each case is different i an ophthalmological 
examination on a patient with a chiasmatic lesion may show diminished 
visual acuity, often unilateral at first, with subsequent optic atrophy, 
and a visual field defect such as abitemporal or uni temporal hemianopiai 
less frequently, scotomas or altitudinal defects may be observed. 

Traditionally, the best neuroradiological examination for study of a 
suprasellar lesion has always been pneumoencephalography, frontal and 
lateral tomograms showing the chiasm lying in the subarachnoid space, 
surrounded by air. C.A.T. as currently available cannot reliably dis
play the structures in the interpeduncular and suprasellar areas. Thin
ner frontal or sagittal C.A.T. sections, together with the injection 
of water-soluble contrast media into the CSF will improve the results 
in this region. Postioning of the head is important: it must be ex
tended to an angle of 10 to 150 relative to the orbitomeatal plane, so 
that the C.A.T. sections pass through the plane of the intracranial 
optic structuresi this is the same angulation used for the study of 
the orbits. 

The radiological investigation of a suprasellar lesion must include 
plain radiographs, which may show bone destruction or sclerosis at the 
base of the skull, or the presence of calcificationi pneumoencephalo
graphy is the best way to outline the lesion in the basal cisterns, 
and to show its relationship to the chiasm itself and the anterior end 
of the third ventricle, but often gives little clue as to the nature 
of the lesion. Selective internal and external carotid angiography may 
show either the deformity of the circle of Willis or the presence of 
tumoral or other pathological vessels, e.g. in an ateriovenous malfor
mation or aneurysm. Angiography can, indeed, indicate the exact nature 
of the lesion in a nurnber of caseSi such techniques as that of the 
balloon catheter, allowing selective injection of, e.g., the ophthalmic 
artery, improve its diagnostic possibilities. 

The contribution of C.A.T. is to demonstrate the space-occupying lesion 
in relation to the brain itself, to show its position, shape, size, 
its effects on the ventricles and the brain parenchyma, and finally, 
to suggest the exact nature of the lesion in many cases. 

However, it should be pointed out that some lesions which are isodense 
with normal brain and which do not appear to be hypervascular after 
intravenous contrast medium injection can pass unobserved at C.A.T., 
while unequivocal abnormalities are found on both pneumoencephalography 
and arteriography (Fig. 1). Similarly, the exact nature of the lesion 
should be diagnosed with caution, taking into account the entire clin
ical picture, since there are a number of lesions having only slightly 
different C.A.T. appearances. 

C.A.T. is of considerable value for identifying, e.g., the microcalcif
ication present in a craniopharyngioma and invisible on plain radio
graphs, the hypervascularity of an optic chiasm glioma (Fig. 2), or 
the presence of a cyst within a tumour such as a pituitary adenoma. 

These different procedures are, of course, not in competition with one 
anotheri each provides certain complementary information, but each also 
has its limitations, which should be recognised. 
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Optic Tracts and Lateral Geniculate Bodies 

The optic tract stretches from the posterior angle of the chiasm to 
the lateral geniculate body, as a cord running around the cerebral 
peduncle and passing backwards in the choroid fissure. It is surrounded 
by cavities and cisterns: the anteroinferior part of the third ven
tricle, the optic and peduncular and crural cisterns. It is accompanied 
by two satellite vessels: the anterior choroidal artery and the basal 
vein of RosenthaI. 

The lateral geniculate body is a small mass lying on the inferolateral 
surface of the pulvinar, with which it is continuous. 

The blood supply of the initial section of the optic tract comes from 
numerous small branches of the interna 1 carotid artery, the posterior 
communicating artery, the middle cerebral artery and the anterior choro
idal artery. The posterior two-thirds of the optic tract and the lat
eral geniculate body are supplied by the anterior and posterolateral 
choroidal arteries and also by the thalamoperforating vessels. 

On C.A.T. it is usually impossible positively to identify the optic 
tract or lateral geniculate body; however, the situation of these 
structures in relation to readily identifiable elements such as the 
third ventricle, cerebral peduncles and atrium of the lateral ventri
cle enables them to be localised with some precision. Clinically, it 
is most unusual to see an isolated lesion of the optic tract or lateral 
geniculate body, but adjacent lesions affect the optic pathways by 
compression or direct invasion. 

The characteristic field defect is a homonymous lateral hemianopia, 
which is found with all optic retrochiasmatic lesions; it is thus dif
ficult with large space-occupying lesions to distinguish between af
fection of the optic tracts and optic radiations. 

The conventional neuroradiological work-up should take into account 
all available techniques, since with these deep cerebralIesions ac
curate diagnosis may be difficult. C.A.T. is of major use in the local
isation of alesion, and in further showing its morphology and density. 
It should therefore be the initial examination, other procedures being 
undertaken as indicated by the C.A.T. findings (Fig. 3). However, 
there are a number of cases in which, even with a complete neuroradio
logical investigation, a precise diagnosis of only the localisation 
is possible; the nature of the lesion must be established at surgery. 

Thus, the lesions found in this area are radiologically complex; C.A.T. 
should be the initial investigation. 

Optic Radiations 

The optic radiations consist of a plate of white matter extending from 
the lateral geniculate body to the occipital cortex, beginning as a 
thick sheaf and widening progressively, passing around the atrium of 
the lateral ventricle in relation to the temporal horn, passing pos
teriorly on the lateral surface of the ventricle, and then going on 
to form an internal concavity, dividing towards the occipital pole into 
three tracts: a superior, to the superior lip of the calcarine fissure, 
an inferior to the inferior lip, and a posterior going on towards the 
occipital pole. 
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The vascularisation of the optic radiations as far as the paraventri
cular segment is by means of the perforating branches of the anterior 
and posterior choroidal arteries and lenticulostriate arteriesi further 
back, the supply comes from deep branches of the middle cerebral artery 
and the posterior cerebral arterYi they are respectively for the lat
eral, medial and inferior fibre tracts. 

This anatomical arrangement explains why a space-occupying lesion must 
be of a certain size in order to be clearly seen on carotid or verte
bral angiography, since the deep branches are invisible radiologically 
and the cortical arteries lie at a relatively large distance from the 
optic radiations. However, the ventricular cavities can rapidly be 
deformed by small lesions due to their proximity. 

Technically, the C.A.T. cut passing through the optic radiation plane 
resembles that passing through the optic tractsi in fact, all the intra
cranial optic pathways from the chiasm to the calcarine fissure are 
found on the same plane, which can be explored by two adjacent cuts, 
depending upon the correct position of the head, which is extended to 
approximately 150 • 

These various technical and anatomical factors explain why C.A.T. is 
incontestably the best form for the neuroradiological examination of 
expanding lesions located at the level of the optic radiations. Their 
location, size, ventricular and parenchymal effects and densitometric 
aspects are evident. The indications for pneumoencephalography have 
completely disappeared whereas before, this examination was the best 
as a topographical landmark (Fig. 4). 

Small lesions can go unobserved using traditional types of examinationi 
in this case C.A.T. is the only procedure which assures a proper diag
nosis. Again, however, one must be extremely careful in diagnosing 
the nature of the lesion. 

Cerebra 1 angiography still has an important role in the preparation 
for neurosurgery, since one can clearly see cerebral convolutions by 
cortical arteriesi this preoperative system of localisation enables 
the choice of the best approach and the localisation of vessels which 
must be avoided. Angiography is, of course, also required when a 
vascular lesion is suspected (Fig. 5). 

Precise definition of the vascular pedicles of an angioma must clearly 
be obtained, and it may be important to confirm that a hypodense C.A.T. 
image corresponds to a vascular accident and not a tumour. 

Occipital Cortex 

The occipital lobe is the smallest lobe of the cerebrum. It has a lat
eral surface, an inferior surface, and a medial surface which is ex
cavated by the deep calcarine fissure separating the fusiform gyrus 
above from the lingual gyrus below. The calcarine fissure indents the 
internal side of the occipital horn of the lateral ventriclei just above 
this, another indentation represents the forceps major of the corpus 
callosum. 

The principal visual cortex, the striate cortex, occupies both lips and 
the bot tom of the calcarine fissure and overlaps to the lateral surface 
of the occipital lobe. 
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The vaseularisation of the oeeipital lobe is given by the middle eere
bral artery on the lateral surfaee, and the posterior eerebral artery 
on the inferior and medial surfaees. Here, the eortieal branehes of 
the posterior cerebra 1 artery serve as a better landmark of the eortieal 
struetures (as with the ealearine fissure) than the C.A.T., the loeal
ising value of whieh is more limited. 

From a pathologieal point of view it is unusual for alesion to be 
strietly limited to the oeeipital cortex and in most eases an extension 
to the underlying white matter is evident. C.A.T. permits one to visu
alize, for example the existenee of two abseesses, while angiography 
only shows the diagnosis of a single expanding lesion (Fig. 6). However, 
as with all other cerebral areas, angiography is an indispensable com
plement each time one suspects a vaseular lesion. 

Summary 

With the given facts of neuroradiological anatomy, the combination of 
information from conventional neuroradiological examinations, and that 
from C.A.T. is of great interest. 

To varying extents, each segment of the optic pathways, i.e., the optic 
nerve, the ehiasm, the optic tracts, the lateral geniculate bodies, 
optic radiations and occipital cortex, can be either indireetly or 
sometimes directly seen. According to the level of the lesion of the 
optic pathway, eaeh cannot be studied with the same precision and with 
the same teehnique: for example, small lesions of the optie nerve or 
the chiasm are diagnosed with far more finesse by the use of pneumo
encephalography due to their extra-cerebral loeation; eonversely, C.A.T. 
permits lesions situated in the deep white matter to be seen with more 
success than any other method. 

One must not look upon different neuroradiological techniques as com
petitive, since they are in essence complementary factors in working 
towards a diagnosis which can often prove to be difficult. 
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Fig . l a Fig. lb 

Fig. la and b. Pituitary adenoma difficult to diagnose on C.A.T. (a) and quite evident 
on anteroposterior tomogram at pneumoencephalography (b) 

Fig . 2 Fig . 3a Fig. 3b 

Fig. 2. Glioma of chiasm, clearly seen in interpeduncular fossa 

Fig. 3a and b. Angiography was secondarily performed to confirm the vascular lesion 
observed on C.A.T. A very large aneurysm oI the posterior cerebral artery was de
monstra ted 

Fig. 4a Fig. 4b Fig. 5 

Fig. 4a and b. Malignant tumour in the region of the optic radiation, showing peri
pherally increased density after contrast medium injection (b) 

Fig. 5. Angioma vascularised by the branches of the middle cerebral artery and 
located at the level of the optic radiations 
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Fig. 6a Fig . 6b 

Fig. 6a and b. Two occipital cerebral abscesses well demonstrated by C.A.T. cuts (a), 
while the angiography is less precise (b) 



An Evaluation of C.A.T. in the Diagnosis of Orbital Space
Occupying Lesions 
G. A. s. Lloyd* and 1. A. E. Ambrose** 

The introduction of computerised tomography into clinical practice by 
AMBROSE and HOUNSFIELD in 1972 opened a new era in the "diagnosis of 
soft-tissue tumours in the orbit. In a preliminary communication (1) 
the findings in the first 17 histologically proven primary tumours and 
granulomas examined by this technique were recorded. Progressive re
finements in the apparatus (vide infra) and a 4-5-fold increase in the 
number of verified cases now allows a more mature assessment of C.A.T. 
scanning and its place in relation to other methods of orbital inves
tigation. 

Technique 

The original EMI scanner employed an 80 x 80 matrix with a pixel size 
of 3 x 3 mm and a collimated slice thickness of 13 mm. In January 1974 
a 160 x 160 matrix was introduced, reducing the pixel size to 1.5 x 1.5 
mm. The majority of the patients in this series were examined by this 
version of the apparatus. More recently further refinements of the ap
paratus have incorporated: 

1. Improved sensitivity and spatial resolution. 

2. A 320 x 320 cell matrix reducing the pixel size to 0.75 x 0.75 mm 
using a collimated slice thickness of 8.5 mm. 

3. Longitudinal and coronal plane reconstructions.(These are feasible 
but are at present limited because of high lens and corneal radiation 
dose) . 

Case Material 

Over 120 patients with a clinically suspected orbital abnormality have 
been examined by C.A.T. scanning. Of these, 75 have been shown to have 
a primary orbital tumour, vascular anomaly or inflammatory process 
(Table 1). These were verified either by biopsy, surgical excision or, 
in the case of vascular anomalies, by angiography. Lesions with second
ary extension to the orbit from adjacent structures in the middle fossa 
of the skull or paranasal sinuses were not included in the series, 
since these are for the most part readily diagnosed by established 
techniques. Although C.A.T. scanning has an important role to play in 
the diagnosis of secondary orbital disease, an assessment of this tech-

* Moorfields Eye Hospital, Lendon. 
** Atkinson Morley's Hospital, London. 



Table 1. Diagnosis in 75 proven space-occupying lesions in the orbit 

Pseudotumour (granuloma) 
Meningioma 
Lacrimal gland tumour 
Haemangioma 
Lymphoma 
Venous malformation 
Haemangiopericytoma 
Malignant melanoma 
Cystic hygroma of optic nerve 
Blood cyst 
Neurilemmoma 
Metastasis 
Optic nerve glioma 
Arterio-venous mal formation 
Dermoid 

Total 

14 
14 
12 
9 
8 
2 
2 
2 
2 
2 
2 
2 
2 

75 
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nique as far as the orbit is concerned must be based primarily upon 
its ability to show pathology originating in the orbital soft tissues. 

The patients in the series were also examined by three other methods 
used in orbital investigation: orbital venography, ultrasonography and 
axial hypocycloidal tomography (2), enabling a direct comparison to 
be made between these techniques and C.A.T. scanning (Table 2). In 

Table 2. Diagnostic accuracy in 75 proven primary orbital space-occupying lesions 

C.A.T. scanning (Emiscan) 91% 
Orbital venography 91% 
Ultrasonography 86% 
Axial hypocycloidal tomography 73% 

The diagnostic accuracy was assessed as a simple positive/negative response. 

only five instances was it found to be necessary to perform carotid 
angiography in the management of these patients prior to surgery, al
though some had had arteriography performed at other centres before 
referral to Moorfields. 

Discussion 

The overall diagnostic accuracy of C.A.T. scanning in this series in 
terms of a positive/negative response (is alesion present or not?) 
was recorded as 91% (see Table 1). This compared with venography (91%), 
ultrasonography (86%) and axial hypocycloidal tomography (73%). One 
false positive Emiscan was recorded and five false negatives. The 
solitary false positive was encountered when the 80 x 80 matrix was in 
use, and it seems unlikely that this error would have been made had 
the fine matrix then been available. Of the five false negative scans, 
there were two with optic nerve abnormalities; two with masses in the 
orbital roof; and one patient with an orbital varix, proved at veno
graphy. This patient presented with intermittent proptosis, and despite 
the use of jugular compression to raise the venous pressure and produce 



maximum filling of the varix during the examination, no abnormality 
was recorded on the scan. There was a single patient who was unable 
to tolerate the examination. With the introduction of the high-defini
tion scans provided by the 320 x 320 matrix it seems unlikely that in 
future any significant optic nerve enlargements will be missed with 
the resolution now obtainable. Similarly, lesions missed above the 
rectus muscle co ne in the orbital roof should be adequately demonstrated 
by the introduction of three-plane imaging. 

Despite these errors, C.A.T. scanning has proved the optimum method 
of demonstrating a space-occupying lesion in the orbit, and its is ex
pected that with further refinements of design, particularly three
plane imaging, the diagnostic performance in this respect should be 
improved. In the orbit, however, it is not enough to leave the diag
nosis at the stage of a simple positive or negative indication for an 
orbital mass. Some idea of the likely histology is needed prior to 
treatment, which differs widely with the type of lesion present. For 
example, in a venous malformation, accounting in our practice for 
over 20% of intraconal space-occupying lesions in the orbit, deep sur
gical intervention is usually contraindicated (4). Cosmetic surgery 
to eliminate unsightly superficial varices is generally all that is 
required. On the other hand, benign encapsulated tumours in the orbit 
require surgical excision, while lymphomata and secondary malignancy 
should be treated by radiotherapy, and granulomas (pseudotumours) by 
steroid therapy. 

There are three ways in which C.A.T. scanning might further the diag
nosis and indicate the likely aetiology of a space-occupying lesion in 
the orbit: 

1. By identifying the site of origin of the mass, for example the optic 
nerve or lacrimal gland 

2. By its shape and density 

3. By consideration of the absorption va lues before and after contrast 
medium injection. 

The optic nerve tumours, both gliomata and meningiomata were clearly 
identified as arising from the optic nerve with scans made on the 160 x 

160 matrix or 320 x 320 matrix scanner, and could be differentiated 
from other encapsulated tumours in the muscle co ne such as haemangio
mata. The latter tumours are also readily diagnosed on their typical 
morphology as depicted on the C.A.T. scan. They give a clear-cut image 
usually rounded, with well defined edges and even density values (Fig. 
1). Another tumour arising within the muscle cone which may give similar 
appearances is a neurilemmoma. In our experience these are usually 
larger than the haemangiomata, and the size of the mass present may 
suggest the diagnosis. However, this differentiation is of little prac
tical significance since the treatment is the same for both tumours, 
namely, excision by lateral orbitotomy. 

The benign encapsulated tumours referred to above could be clearly dif
ferentiated by their clear-cut margins from infiltrative lesions in 
the muscle cone, such as granulomata, lymphomata or secondary tumours 
(Fig. 2). These latter space-occupying lesions typically showed an ill
defined mass of irregular outline and uneven density. The commonest 
lesion to present these features is the pseudotumour or granuloma in 
the orbit. Sometimes these masses may involve the lacrimal gland, ex
tending both intraconally and extraconally, and the inflammatory process 
may involve a rectus muscle, causing local enlargement. This is, how
ever, a non-specific sign. It was recorded 13 times in the series, and 
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in addition to its association with pseudotumour, was also observed in 
dysthyroid exophthalmos, and in two examples of lacrimal gland tumours 
in which the mass had extended into the lateral rectus muscle; it also 
occurred in one patient with an orbital varix in the muscle cone. 

It was not found possible to differentiate the lymphomata occurring in 
the orbit from pseudotumours by the morphology of the lesion as depicted 
on C.A.T. Differentiation of inflammatory processes from true tumours 
in the orbit is particularly difficult when they occur in the orbital 
apex where all mass lesions have a very similar appearance on C.A.T. 
scans. However, a clue to the differentiation of granulomata from tu
mours in the orbit may sometimes be furnished by consideration of the 
absorption values. Figure 3 showes aseries of histograms in which the 
absorption values of seven lymphomata, seven meningiomata and six cav
ernous haemangiomata have been summated. These comprise the total ab
sorption values for the lymphomatous tissue, meningiomatous tissue and 
haemangiomatous tissue recorded in the series; the absorption values 
are recorded before intravenous contrast and after contrast. It can be 
appreciated that none of these values are in the negative range of the 
EMI scale; but if the summated absorption values of 10 pseudotumours 
from the series are considered (Fig. 4), it can be seen that some of 
these are in the negative range. It seems probable that this indicates 
that the inflammatory process is simply infiltrating the fat cells in 
the muscle cone (which give negative absorption values) and that the 
fat cells are being incorporated in the picture elements of the C.A.T. 
scan. The incorporation of normal fat cells from the muscle cone in 
pathological tissue can be shown histologically. Figure 5 shows a lym
phomatous pseudotumour in which normal fat from the muscle cone is 
clearly incorporated in a mass of lymphocytes. 

It can also be appreciated that in Figure 3 there is simply no differ
ence between the distribution of absorption values in the three types 
of tumour recorded - the mean values be fore and after contrast are al
most identical. The conclusion from this series is, therefore, that 
it seems unlikely that tissue recognition can be obtained from con
sideration of the absorption values as recorded on the numerical print
out from the computer, other than indicating that the lesion is likely 
to be of an infiltrative nature. 

It remains to discuss the role of the three other techniques used for 
the routine investigation of patients in this series. The most important 
of these is venography. There are two main reasons for performing this 
investigation routinely in patients with suspected orbital disease; 
firstly to demonstrate venous mal formations which are by their nature 
best shown by this technique, and are important since in our experience 
they represent over 20% of all intraconal space-occupying lesions; 
secondly the investigation is important in the diagnosis of inflammatory 
processes in the orbit. A high proportion of venous obstruction in the 
rectus muscle cone are due to an inflammatory process (3) and in the 
absence of plain X-ray or clinical evidence of secondary neoplasia in 
the orbit, an intraconal obstruction without major venous displacement 
is strong evidence of an inflammatory process. Less essential as far 
as orbital soft-tissue diagnosis is concerned is conventional axial 
hypocycloidal tomography of the orbit; but the technique is very simple 
to perform, and is useful to exclude an expanding process arising in 
the sinuses such as an ethmoid mucocoele and also t~ show the integrity 
of the bony walls of the orbit prior to surgery. 

The last method of soft tissue imaging, ultrasound, has the merit of 
being without radiation hazard, but generally the shape and location 
of masses in the orbit is not so obviously demonstrated as by C.A.T. 
scan. B-mode ultrasound is an easy examination to per form and carries 
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the diagnosis about as far as Emiscan, in that it is usually possible 
to differentiate between an infiltrative process in the orbit and an 
encapsulated tumour. In this series cross-sectional imaging of the 
optic nerve by C scan and ultrasonic holography provided information 
on some patients not given by C.A.T. 

Conclusion 

This study of 75 verified mass lesions in the orbit has shown that 

1. C.A.T. scanning is the optimum method of demonstrating if there is 
or is not a mass in the orbit. 

2. It can identify optic nerve tumours in nearly all patients, but 
other techniques, particularly unltrasonography, are sometimes needed 
for complete diagnosis. 

3. It can identify benign neoplasms in the rectus muscle cone accurate
ly, for example haemangioma or neurilemmoma; and in most patients it 
is possible to differentiate between these encapsulated tumours and 
an infiltrative process such as a pseudotumour, lymphoma or metastasis. 
From the present evidence, however, it seems unlikely that C.A.T. 
scanning will provide tissue identification beyond this simple differ-
entiation. . 

4. Venography is still a necessary procedure in the investigation of 
orbital disease to identify venous mal formations and also inflammatory 
conditions in the orbit. 
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Fig. 1. Small, clearly defined mass in muscle cone (right) , due to a cavernous haem
angioma 

Fig. 2. Diffuse mass in left orbit with ill-defined margins and uneven density due 
to a granuloma (pseudotumour) 

I.. 
tv1eningiomo (7) 

tJ~ 0 PO 0 

""'7,'" ... , .. 
Hoemongiomo(5) 

10 20 30 40 50 50 

tv1eon 34·73 

tv1eon2254 

tv1eon 3752 

E2 

tv1eon 2248 

tv1eon 3588 

tv1eon 2315 

70 

Fig. 3. Histograms of summa ted 
absorption values from seven 
lymphomata, seven meningiomata 
and six haemangiomata in the 
orbit 
Black = pre contrast obsorp
tion values; white = post con
trast absorption values 
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Fig. 5 

Fig. 4. Summated absorption values recorded in 10 granulomata (pseudotumours) 
Black = pre-contrast absorption values; white = post-contrast absorption values 

Fig. 5. Histology of lymphomatous pseudotumour: normal fat cells from muscle cone 
incorporated in a mass of lymphocytes 



C.A.T. Scanning in Diseases of Children 

Computerised Axial Tomography and Paediatric Neurosurgery 
K. Till* 

In this paper I shall concern myself with the considerable impact which 
C.A.T. has had upon the practice of paediatric neurosurgery. I shall 
try to emphasise the c~inica~ importance of C.A.T. and its influence 
upon management of clinical problems rather than attending to the finer 
points of the technique itself. 

I have been asked to describe mainly the importance of C.A.T. in intra
cranial tumours and I shall try to do so. It should be remembered, how
ever, that paediatrics - and paediatric neurosurgery in particular -
deals with the diseases of an age group and not with the disorders of 
a particular system within the body. It is especially in childhood 
that the CNS is involved in a multitude of disorders which, in many 
cases, are not primarily neurological. In my hospital, which is a genera~ 
children's hospital dealing mainly with referrals from other hospitals, 
it is estimated that no less than 40% of all the patients have a sig
nificant CNS aspect of their illness. This is so, although the children 
have such varied disorders as those which involve cardiac or urological 
disease, immune deficiency, bleeding diatheses, leukaemias and so on. 
It is as if the smaller body of a child allows the more rapid dissemina
tion of a disease so as to effect the CNS very commonly. 

In attempting to keep to my brief, to concentrate on intracranial tu
mours, I must emphasise that there are many conditions in childhood 
which mimic or imitate brain tumours. The direct referral from other 
hospitals into the neurosurgical department tends to have signs of 
raised intracranial pressure, which is often assumed to mean intra
cranial neoplasm. The signs of localised brain disease which might 
justify this diagnosis of neoplasm are very often completely absent. 
To give some idea of the final diagnosis in nearly 1000 admissions of 
children with raised intracranial pressure, there follows an analysis 
of causes. On rarer occasions I have seen children with on~y raised 
intracranial pressure who proved to have uraemia, drug pOisoning, tuber
culous meningitis, leukaemia, renal disease, benign intracranial hyper
tension, etc. 

Within the confines of a children's hospital, the referrals (and hence 
the use to which C.A.T. can be put) can be grouped as follows: 

1. Metabolic disorders, often genetically determined 

2. Bleeding diatheses, especially Factor 8 deficiency (haemophilia) 
and Factor 9 deficiency (Christmas disease) 

3. Subarachnoid haemorrhage 

4. Leukaemia 

*Consultant Neurologieal Surgeon, Hospital for Siek Children, Great Ormond Street, 
London. 
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5. Endocrine disorders such as precocious puberty, reduced stature 
(dwarfism), diabetes insipidus and diabetes mellitus 

6. Degenerative cerebra I disease, especially those slow virus disorders 
which may mimic brain tumours of which subacute sclerosing panencepha
litis is the main culprit 

7. Congenital cardiac disease which in pre- and postoperative stages 
may be associated with cerebral oedema, infarction and cerebra I abscess 

8. Coma of unknown origin, of which lead and drug poisoning, unsus
pected trauma, renal disease are all possible causes. 

In general, the uses of C.A.T. in childhood diseases have been: 

1. For diagnosis of intracranial disorder, and especially - something 
which does not attract attention or even mention in seminars and medical 
meetings - the exclusion of structural changes. Examples of this are 
the exclusion of suspected haematoma after head injury and the exclu
sion of a mass lesion when mimicked by a viral or degenerative cerebral 
disease. 

2. Monitoring the changes in an intracranial tumour after operation, 
during radiotherapy and during later fOllow-up when tumour recurrence 
may be suspected; monitoring hydrocephalus after shunt treatment or 
when shunt malfunction or valve mismatching is suspected; monitoring 
the size of an intracranial abscess during treatment by aspiration. 

3. Following the course of effects of intracranial bleeding from aneu
rysm or arteriovenous malformation leading to haematoma formation or 
hydrocephalus. 

I propose to give examples chosen because they illustrate the effect 
of C.A.T. upon decision making and upon the management of certain types 
of intracranial disorders in childhood. I would remind you that the 
numerous occasions upon which a negative scan is obtained are equally 
important, since the exclusion of structural change in the brain often 
avoids the use of invasive techniques in serious diseases (such as 
leukaemia) where the risk of such investigations are by no means neg
ligible. 

Craniopharyngioma 

Alesion characterised by calcification and cyst formation is clearly 
demonstrated by C.A.T. The extent and nature of its contents may in
fluence the decision whether to operate. Typical C.A.T. appearances 
may show the surgeon's ideal case - of medium size and cystic, readily 
amenable to total excision. 

Figure 1 shows a girl aged 15 years who for 5 years had remained in 
good health without diminution of visual fields or other ill effects, 
following a shunt operation for hydrocephalus. The large extension into 
the right frontal lobe was considered a contraindication to surgical 
intervention in such an otherwise healthy child. We have since learned 
that often the cystic contents have an absorption coeff~cient much 
higher than water - contrary to our expectations in view of the high 
cholesterol content. It may be, therefore, that such an extension is 
not solid tumour but an easily removed cyst. 
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Pineal Tumours 

These are notoriously difficult to excise safely. A knowledge of the 
nature in addition to the extent will influence the surgeon's decision 
how to treat. The growth may be well defined and homogeneous - and 
amenable to excision. Figure 2, however, shows a complex pineal tumour. 
Plain radiographs showed a small area of calcification. The scan shows, 
however, that in addition to being very extensive, the lesion is very 
irregular in outline and is heterogenous, containing areas of calcifica
tion and at least three areas of low density, probably fat. Removal 
of such a teratoma would be highly dangerous and radiotherapy is far 
preferable. 

Often Supratentorial Tumours 

I have referred to the remarkable lack of neurological abnormality -
so-called localising signs - in many children with raised intracranial 
pressure. C.A.T. often provides either a diagnosis or firm guidance 
towards the appropriate neuroradiological investigations. 

Examples of frontal lobe tumours which did not cause neurological ab
normality included a large cystic ependymoma, and a frontal tumour of 
heterogenous density, with much oedema, which was a rare neuroblastoma 
of undetermined origin (Fig. 3). 

A 7-year-old child, alert and free from neurological abnormality but 
suffering from headache and vomiting with papelloedema, gave the C.A.T. 
appearance shown in Figure 4. The clear-cut edges of the cyst and 
absence of a tumour nodule or oedema suggested the correct diagnosis 
of hydatid cyst. 

Raised intracranial press ure in a 4-year-old boy who had pulmonary in
filtration suggested a diagnosis of tuberculous meningitis. Instead, 
his scan showed a cerebellar abscess (Fig. 5), a tuberculoma with 
caseous contents. Excision was required, rather than merely treatment 
of the hydrocephalus. 

Monitoring by C.A.T. after tumour removal is, of course, far more easily 
carried out than by contrast studies. Even more important than the 
demonstration of persistent tumour is the recognition that areturn of 
signs of raised intracranial pressure after tumour removal need not 
be due to recurrence. The child in Figures 6a, b had had a cerebellar 
medulloplastoma treated by partial excision and radiotherapy 1 year 
previously. The return of headache, vomiting, papilloedema and drowsi
ness was taken to indicate tumour regrowth. C.A.T. showed only hydro
cephalus due to postoperative arachnoiditis without tumour. The treat-. 
ment and prognosis were thus quite different. 

A different situation obtains when neurological abnormalities are pre
sent suggesting the diagnosis of tumour, but C.A.T. serves to exclude 
it. The boy in Figure 7 developed head nodding and excessive head 
growth, suggesting hydrocephalus due to a suprasellar mass. Pneumo
encephalography confirmed this. C.A.T. showed the lesion to contain 
only CSF. This arachnoid cyst was dealt with by direct attack as well 
as by shunt. 



C.A.T. will undoubtedly provide much more information about the natural 
history of neoplastic processes in children. A baby aged 7 months was 
found to have hydrocephalus, which was successfully treated by shunt 
surgery. The pneumoencephalogram at that time showed a mass in the left 
lateral ventricle. For unknown reasons this diagnosis was ignored. 
TWelve years later, mild headache lead to C.A.T. scanning. The scan 
(Fig. 8) shows the same mass, which has grown in proportion to the 
child's brain and is assumed to be a choroid plexus papilloma. 

Posterior Fossa Tumours 

Posterior fossa tumours are treated by neurosurgeons in a variety of 
ways, some by preoperative reduction of raised intracranial pressure 
for days or weeks, some without such preparation. In all cases a con
fident diagnosis made without risking deterioration in the patient's 
condition is needed if mortality is to be minimised. C.A.T. provides 
such information about site and size of the tumour; cyst formation is 
shown and the site of a mural nodule demonstrated, while the degree 
of hydrocephalus and the presence of oedema or bleeding will influence 
the management. 

The specific pathology of asolid tumour in the posterior fossa cannot 
be recognised with confidence. Although medulloblastoma has a tendency 
to be of high density and astrocytoma of low density there are many 
exceptions. 

So far, we have operated upon 25 children with posterior fossa tumours 
using C.A.T. as the only investigation, believing that the surgical 
management is not influenced by angiography or encephalography. One 
case was mistakenly opera ted upon through misinterpretation of the 
scan. 

Secondary deposits in the brain are very rare in children. Arecent re
port from the Mayo Clinic showed that of 300 cases of solid tumour in 
kidney, liver, etc., only 16 secondaries were found in the brain, al
ways accompanied by pulmonary deposits. 

Cases most nearly resembling metastases in my experience are those 
with leukaemia, in which the onset of cerebral symp·toms or sign may 
be due to abscess formation (so-called opportunist infection), viral 
encephalitis, leukaemic deposits, hydrocephalus and cerebral atrophy. 
Figure 9 shows at least two abscesses due to nocardial infection from 
a pulmonary abscess. 

Overall Conclusions 

1. Children do not usually present with evidence of brain tumour -
only with evidence of raised intracranial pressure or local cerebral 
dysfunction, having a wide variety of possible causes. Careful history 
taking and examination and good plain radiographs remain an essential 
part of their investigation. 

2. The non-invasive technique of C.A.T. serves as a very valuable 
screening method in a multitude of clinical situations, as a guide to 
further investigations in a lesser number, as a means of confident 
diagnosis of an expanding lesion in many cases of an intracranial 
tumour and as a means of pathological diagnosis in, so far, a minority. 
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3. The possibility of follow-up by C.A.T. is already providing a remark
able insight into the natural history of the effects of treatment on 
many conditions. The natural reluctance to investigate repeatedly 
children with intracranial turnours or hydro~ephalus using contrast 
studies has long prevented us from studying progress in a disease or 
the response to treatment. Further experience, especially with closer 
studies of absorption coefficients, of enhancement methods and enhance
ment clearance velocities will enrich our understanding significantly. 
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Fig. 3 Fig. 4 

Fig. 5 Fig . 6a 

Fig. 1. Cystic cranio
pharyngioma extending 
into right frontal 
lobe 

Fig. 2. Pineal teratoma 
containing calcium and 
fat 

Fig. 3. Secondary neuroblasto
ma causing no focal symptoms 

Fig. 4 . Hydatid cyst 

Fig . 6b 

Fig. 5. Tuberculoma, following enhancement with contrast 

Fig. 6a and b. Postoperative hydrocephalus due to basal arachnoiditis 
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Fig. 9a Fig. 9b 
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Fig. 7. Suprasellar arachnoid 
cyst 

Fig. 8 . Choroid plexus papil-
l oma of left lateral ventricle 

Fig. 9a and b. Multiple cere
bral absesses due to 
Nocardia 



C.A. T. in the Diagnosis and Management of Childhood 
Hydrocephalus 
c. Raybaud, P. Farnarier*, P. Palmieri, N. Pinsard**, and M. Choux*** 

Hydrocephalus is the most frequent neurosurgical occurrence in children. 
It always indicates severe intracranial pathology, and raises important 
diagnostic problems concerning the cause of the increased ventricular 
pressure as well as the future of brain function. In the last two de
cades, prognosis has been considerably improved because of better sur
gical conditions and the possibility of placement of safely functioning 
ventricular drainage. 

Neuroradiology has come a long way since DANDY (1), in 1918, described 
air ventriculography, allowing for the first time a direct diagnosis 
of hydrocephalus, of the site of the lesion, and an indirect means of 
recognising the pathology. Further development of ventriculography 
(with air or iodinated contrast media) and of angiography (2) has since 
then met the needs of modern neurosurgery. Although the diagnosis of 
hydrocephalus, with its causes and its consequences can be made with 
certainty by conventional means, the procedures are technically complex, 
and possibly hazardous. 

The introduction of computerised tomography in 1972 (3, 5) was a sig
nificant step in simplifying the diagnostic approach. Indeed, C.A.T. 
can be applied without clinical restrietion. Morphological demonstra
tion of the whole of the ventricular cavities is easily obtained. More
over, this specifically densitometric method yields very useful in
formation about the brain parenchyma, as to whether it contains abnormal 
tissues or cystic cavities. 

Clinical Material 

Diagnostic problems of hydrocephalus in childhood can occur in various 
clinical contexts, i.e. acute, chronic, and during follow-up. In our 
centre, within 18 months we have studied 106 cases of which 21 were 
control scans after surgery. Of the remaining 85 cases, 33 (39%) pre
sented with an acutely increased intracranial pressure, with fundoscopic 
abnormalities, opening of the cranial sutures, and symptoms related 
to the growth of a mass in the CSF pathway. Seven cases (8%) were neo
nates or infants with a rapid increase of head circumference and a 
bulging fontanelle. In 35 older children (41%) the problem was that 
of a macrocephaly, with or without mental or neurologie abnormalities, 
sometimes showing acute deterioration following minimal head trauma. 
Finally, 10 cases (12%) presented with clinical features suggesting 
a 'normal pressure hydrocephalus', after having suffered head trauma, 
meningitis or subarachnoid haemorrhage. 

*Radiologie Vasculaire et Neuroradiologie, Hopital de la Timone, Marseille. 
** Clinique Pediatrique, Hopital des Enfants de la Timone, Marseille. 
*** Neurochirurgie Pediatrique. Hopital des Enfants de la Timone, Marseille. 
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Tumoral Hydrocephalus 

Tumoral hydrocephalus occurs when a space-occupying lesion obstructs 
the CSF pathway. The clinical features often combine those of an acute 
increase of the intracranial pressure and local symptoms related to 
the tumour. Although these patients are usually examined because of 
acute deterioration, the slow growth of the mass permits a relatively 
long-Iasting evolution, with the progressive development of hydroce
phalus. 

Hydrocephalus is demonstrated on C.A.T. by the symmetrical enlargement 
of the lateral ventricles. The brain tissue around the ventricular 
cavities is still relatively thick, and the shape of the basal ganglia 
is preserved. Dilatation affects the frontal horns, which appear rounded, 
and even more so the ventricular atria. Temporal horns are also rounded. 
Typically, the margins of the ventricles are somewhat blurred, and the 
surrounding white matter appears of diminished density. This seems to 
indicate a subependymal resorption of CSF (4), quite frequent in those 
cases of acute obstructive hydrocephalus. 

In addition to the ventricular dilation, C.A.T. demonstrates the causal 
lesion: posterior fossa tumour, in the brain stern, the fourth ventricle 
or the cerebellum; tumour of the third ventricle, of the caudate nucleus, 
of the thalamus or of the choroid plexus. 

Hydrocephalus related to brainstem glioma is not constant, and always 
less marked than in other cases of posterior fossa mass, except when 
it occupies the ventricular lumen. The basal ganglia tumours often 
produce asymmetrical hydrocephalus, especially when the lesion is lo
cated around the foramen of Monro. Absence of communication between 
the ventricles can be indicated by differences of density between the 
lateral ventricles. 

The usefulness of C.A.T. is especially weIl illustrated in cases of 
choroid plexus papilloma, which are much better delineated by this 
method than by any other neuroradiological approach. In the same way, 
the cystic nature of some brain stern gliomas or of the cerebellar astro
cytomas can be shown, thus helping towards surgical appraisal. 

However, a more precise anatomical evaluation necessitates completion 
of the investigation by the other neuroradiological procedures. It is 
essential for the surgeon to know feeding arteries and vascular land
marks of the brain. Anatomical relationships of the tumour to the ad
jacent structures, and the involvement of such critical areas as the 
floors of the fourth and the third ventricles are best demonstrated 
by positive contrast ventriculography. The introduction of air into 
the basal cisterns mayaIso show extracerebral extension of the lesion. 

Hydrocephalus in Infants 

Hydrocephalus in infancy is also an urgent diagnostic problem. The 
brain at this age is extremely sensitive to the increase of pressure, 
but recovery is often possible if treatment is applied early. Clinical 
features are usually limited to a rapid increase of the head circum
ference, with a bulging fontanelle. Planning investigations raises 
particular problems in infants. Indeed, C.A.T. scanning (with the first 
generation of scanners) may necessitate general anaesthesia, or at 
least heavy sedation, while air ventriculography can be done merely 
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by puncturing the fontanelle, without anaesthesia. For this reason, 
in our department, we prefer not to begin investigation by C.A.T. How
ever, when the ventricular dilation is huge, adequate filling of the 
cavities with air is difficult to obtain, and C.A.T. is the optimal 
method. On the other hand, analysis of the CSF pathway is better with 
air encephalography, for instance when aquaduct stenosis is associated 
with a Dandy-walker malformation of the posterior fossa. 

Macrocephaly in Children 

Macrocephaly is a difficult problem in child neurology, especially 
when no neurological deficit is observed. Most physicians would be 
reluctant to prescribe procedures such as pneumoencephalography or 
ventriculography, since macrocephaly may be of no clinical significance. 
However, the possibility of chronic hydrocephalus, the necessity of 
preserving intellectual development and the prevention of acute decom
pensation, should lead to investigations. Because it is non-invasive, 
C.A.T. is the method of choice as a first diagnostic approach, and 
can be added to by other means whenever the scan is abnormal. 

Most often, investigations reveal hydrocephalus associated with mal
formations. There may be an arachnoid cyst, or porencephalic cavities. 
The horizontal plane of the C.A.T. slices as well as the possibility 
of showing cavities which do not communicate freely with the CSF pool 
makes C.A.T. the most useful tool for diagnosing this type of lesion. 
Aqueduct stenosis can be diagnosed from the association of a triven
tricular dilation associated with a small fourth ventricle. However, 
the content of the posterior fossa as well as the aqueduct should be 
analysed by pneumoencephalography and/or ventriculography, in order to 
exclude other pathologies such as an Arnold Chiari malformation. In 
the same way, an air study should be performed in cases of communicating 
hydrocephalus in order to confirm the absence of an anomaly at the out
let of the fourth ventricle, and to show the level of the extracerebral 
block. 

Normal Pressure Hydrocephalus 

Patients suspected of 'normal pressure hydrocephalus' should be in
vestigated by C.A.T.; the clinical grounds for considering such a diag
nosis being deterioration after head injury or disease in the subarach
noid space. Confident differentiation between brain atrophy and hydro
cephalus is impossible, though patency of CSF pathways may be ascer
tained on air studies alone. On C.A.T. scans, however, atrophy is also 
well demonstrated, while the ventricular size and the thickness of 
the cerebral mantle are well appreciated. Diagnosis of so-called normal 
pressure hydrocephalus still requires 24 to 48 hours' continuous re
cording of the intraventricular pressure though the disturbance of the 
CSF absorption process may also be analysed by studying the progression 
of intrathecally injected substances, either metrizamide followed by 
means of C.A.T., or radioisotopes followed on a gamma camera. 
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Postoperative Control 

Follow-up of shunted patients necessitates repeated examinations in 
order to check up on the patency of the shunt, the possibility of local 
complications, the efficiency of the ventricular drainage, the recur
rence of the pathology and the return to normality of the brain. Per
forming angiograms or air studies over and over again may be harmful, 
and is not accepted by most of the patients. 

C.A.T. appears to be the procedure best suited for follow-up, since 
it provides all the information needed with a minimum of discomfort. 
In some cases, however, especially when symptoms of intracranial hyper
tension reappear, ventriculography, or radio-isotopic exploration of 
the patency of the ventricular drain may be added. Such complications 
as infection around the drain and ventricular collapse with shunt de
pendency and subdural collections are readily demonstrated on C.A.T. 
scans. Reconstitution of the cerebral mantle can be checked upon. It 
is worth noting that, in several cases, a disproportion remains between 
the frontal horns and the atria in the return to normality of ventri
cular size. This persisting enlargement of the atria indicates a de
terioration of brian parenchyma in the posterior part of the hemispheres. 
The absence of a decrease in the ventricular size after shunting is of 
poor prognosis as far as brain function is concerned. 

Arrested hydrocephalus is a particular clinical entity in which the 
ventricles have been enlarged by increased intracranial pressure, with 
a consequent enlargement of the head, but later on, a balance has oc
curred between the secretion of CSF and the compensatory absorptive 
mechanisms. This has resulted in the cessation of ventricular enlarge
ment, with normalisation of the intraventricular pressure. The final 
appearance consists of large ventricles, with normal pressure and 
clinically without any cerebral dysfunction. 

Summary 

C.A.T. is certainly the best single procedure for the investigation 
of hydrocephalus in childhood. It is non-invasive. It demonstrates 
precisely the size of the ventricles and the thickness of the cerebral 
mantle, allowing a trustworthy comparison for follow-up studies. Re
peated follow-up examinations are easy to perform without damage to 
the patient. Any associated pathology is demonstrated, and the level 
of obstruction can usually be precisely located. 

Nevertheless, in our opinion, the relationships of a tumour to the 
surrounding structures, the cisternal involvement and the patency of 
the CSF pathway, should be investigated more thoroughly by a direct 
visualisation of the ventricles and the subarachnoid spaces. Thus, a 
thorough investigation of hydrocephalus, as a rule, necessitates the 
performance first of a complete C.A.T. scan, then appropriate pro
cedures adapted to each case. The only exceptions to this rule are in
fants in whom direct puncture ventriculography can be done first, since 
it is very simple to carry out, and has the advantage of relieving 
intracranial pressure. FOllow-up C.A.T. studies can be repeated harm
lessly as often as required by the clinical condition of the patient. 
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Fig. 1. Tumoral hydrocephalus: C.A.T. shows marked ventricular dilation, with blurred 
ventricular margins and a low density in surrounding white matter. A cystic mass is 
demonstrated in the posterior fossa (astrocytoma) 

Fig. 2. Huge chroni c hydrocephalus: a typical case in which air studies fail to 
demonstrate adequate ly the ventricular cavities, while C.A.T. clearly shows ventri
cular enlargement and thickness of remaining cerebra I mantle 

~ Postoperative scan: 
ventriculoperitoneal drainage 
has been efficient, while an 
arachnoid cyst still displaces 
brain tissue (unsatisfactory 
cystoperitoneal drainage) 

Fig. 4. Arrested hydrocephalus: 13-year-old girl who presented with rapid head en
largement during f irs t months of life ; surgery was not performed at that time. This 
girl now lives norma lly and is quite a good pupil at school 



C.A. T. in the Phakomatoses 
D. P. E. Kingsley* 

The phakomatoses, or neuroectodermal dysplasias, are a group of here
ditary conditions characterised by the development of tumours in many 
organs, but notably in the skin and CNS. A number of conditions have 
been included under this heading, but only five occur with sufficient 
frequency to merit our attention here, and of these I do not intend 
to discuss ataxia telangiectasia, as we have only scanned one of these 
patients, and the examination was unsatisfactory. 

Instead, it is intended to concentrate on four conditions: neurofibro
matosis, tuberose sclerosis, Sturge Weber and von Hippel-Lindau disease. 

Neurofibromatosis 

During the past 3 years we have had the opportunity to scan 13 patients 
with neurofibromatosis and suspected intracranial abnormalities. One 
of these examinations was unsuccessful but the diagnoses of the intra
cranial abnormalities of the other 12 cases are shown in Table 1. The 
total number of abnormalities exceeds 12 since a number of patients 
had more than one abnormality. 

Table 1. Neurofibromatosis 

C.A.T. findings in 12 cases: 

Ventricular dilatation 7 
Optic nerve glioma 2 
Optic chiasm glioma 2 
Hemihypertrophy 2 
Absent orbital wall 1 
Acoustic ne uroma 2 
Normal 2 

Two main types of abnormality are seen in the skull and CNS: skeletal 
dysplasia and intracranial neoplasm. 

Skeletal dysplasia may affect the skull, the commonest abnormality 
being a defect in the postero-superior wall of the orbit (Fig. 1). 
Patients with this abnormality frequently present with pulsating exoph
thalmos due to direct extension of the temporal lobe into the back of 
the orbit. It should be noted that the optic nerve is displaced medial
ly (Fig. 1). 

*Lysholm Radiological Department, The National Hospital, London. 
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Hemihypertrophy of the skull mayaIso occur in the trigeminal distribu
tion. Two such cases have been scanned. The hypertrophy involves not 
only the bony structures but also the intracranial contents. There is 
enlargement of the diploic spaces, sinuses and petrous bones and within 
the cranial cavity there is enlargement of brain tissue. Both cases 
were noted to have abnormally dilated ventricles, the involved side 
being the most prominently dilated. Heterotopic grey matter was also 
present in one case. 

Mental retardation has been noted in approximately 10% of patients with 
neurofibromatosis and, of our patients, three were mentally retarded; 
in seven patients there was evidence of ventricular dilatation without 
any evidence of underlying obstruction. 

Intracranial neoplasms occur with great frequency. In one study the 
incidence was as high as 47% (1). Tumours involve either the cranial 
nerve sheaths or may be frank gliomas, ependymomas or meningiomas. 

Optic tumours may involve either the nerve or the chiasm. Thickening 
of the nerve is usually quite definite, but comparison with the opposite 
side may not be reliable since such tumours may be bilateral. Two optic 
nerve tumours, one involving the chiasm, and one primary chiasmal glioma 
have been scanned. The latter also involved the optic radiation on the 
left side (Fig. 2). 

It is essential to obtain overlapping scans so that no part of the 
orbit or suprasellar cisterns is missed. The appearances are typical. 
The optic nerve tumour is shown as a thickened optic nerve, and may 
or may not enhance following intravenous contrast injection. Careful 
sections may enable the optic canal to be seen, but this is only pos
sible with very careful scanning using 8 rnrn or finer collimators. 

Optic chiasm tumours are demonstrated by the presence of a mass with 
a density the same as or greater than brain tissue lying within the 
suprasellar cistern (Fig. 2). Routine scan sections may fail to show 
the cistern and for this reason also a small lesion may be missed un
less ade qua te scans are obtained. These tumours mayaIso enhance. 

Acoustic neuromas occur less cornrnonly than optic gliomas; we have en
countered two such cases. Unfortunately, the scans, undertaken during 
our early experience, were not diagnostic. In neurofibromatosis acoustic 
neuromas are frequently bilateral, as in one of our cases. 

Tuberose Sclerosis 

A total of 13 cases have been scanned, their ages ranging from 11 months 
to 32 years. All but one of the patients had cutaneous evidence of 
tuberose sclerosis at C.A.T. and consequently the diagnosis was sus
pected on clinical grounds alone. Table 2 shows the incidence of posi
tive radiological features in these cases. Plain skull X-rays were 
undertaken in all patients but calcification was found in only six 
cases; in six cases the skull radiograph was normal. Raised intracranial 
pressure was noted in three patients and atrophy in two. 

Air encephalography or ventriculography was undertaken in three patients. 
In only one were ventricular filling defects noted. One patient had 
evidence of atrophy, and in one patient with raised intracranial pres
sure there was obstruction at third ventricular level. 
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Table 2. Tuberose sclerosis 

Findings in 13 cases (aged 11 months to 32 years) 

Clinical features present: 

Skull X-ray 

Calcification 
Raised pressure 
Atrophy 
Normal 

C.A.T. 

Paraventricular masses 
Calcified tubers 

Coefficients >20 
Hydrocephalus 
Astrocytomas 

13 

6 
3 
2 
6 

13 
10 

6 
4 

C.A.T. demonstrated abnormalities in all patients. All had at least 
one, and usually several, paraventricular masses (Fig. 3). Many of the 
masses were calcified with absorption coefficients of 30-40 units 
making them easy to identify. Others were presumably uncalcified and 
were only detected in retrospect. The smallest lesions detectable 
measured approximately 1.5-3.0 mm in diameter, i.e., one to two pixels, 
and had absorption coefficients only 2 or 3 units higher than the sur
rounding brain tissue. Uncalcified masses may lie proud of the ventri
cular wall, in which case they are easier to detect, or else they may 
manifest themselves only by being of slightly higher than brain tissue 
density, becoming evident only in later scans. In such a situation only 
a high index of suspicion will produce a positive diagnosis. 

Microscopic calcification in tubers may be difficult to assess, for 
while absorption readings of 30-40 units are consistent with calcifica
tion too small to be detected on plain radiographs, tubers with absorp
tion coefficients nearer to brain tissue density may still contain 
calcium. In our cases, absorption coefficients were below 20 in three 
patients, two of whom were under 1 year of age. Sequential scans under
taken in two patients over periods of 18 months showed no significant 
enlargement of the paraventricular nodules. Two'-patients were given 
intravenous contrast medium. It was found very difficult to assess the 
pre- and post-enhancement scans, as the cuts vari.ed slightly. There 
did not appear to be any significant enhancement of these lesions. 

Intracranial tumours other than subependymal nodules are encountered 
less commonly than in neurofibromatosis, but are said to occur in about 
15% of patients (2). Dilated lateral ventricles were noted in six of 
our patients, signs of raised intracranial pressure being the presenting 
symptom in three. In all three, and in another patient without signs 
of raised pressure, giant cell astrocytomas were noted in the region 
of the foramen of Monro (Fig. 4). 

Sturge Weber Syndrome 

Ten cases of Sturge Weber syndrome have been examined by C.A.T.; four 
involved the right side, three the left, and three were bilateral 
(Table 3). 



Table 3. Sturge Weber Disease 

Findings in 10 cases (aged 4-16 years) 

Clinical features present: 

Skull X-ray 

Calcification 
Hemiatrophy 

C.A.T. 

10 

9 
10 

Calcification 10 
Hemiatrophy 10 
Dilated subarachnoid space 5 
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All 10 cases were diagnosed clinically, having the typical naevus in 
the trigeminal distribution. One patient had congenital glaucoma. At 
the time of the scan the patients' ages ranged from 4 to 16, although 
many patients had been diagnosed earlier. 

On the plain skull radiograph, bony changes of hemiatrophy were no ted 
in all patients, while the typical serpentine calcification was no ted 
in all but one. 

Changes on C.A.T. were most striking (Fig. 5). Hemiatrophy was weIl 
demonstrated on the affected side with enlargement of the frontal sinus. 

Cortical calcification was weIl demonstrated, and was always in excess 
of that seen on the plain radiograph. In one patient small amounts of 
calcification were noted in left frontal and parieto-occipital regions 
which were not visible on the plain film; this showed merely hemiatrophy. 

The calcification is dense, with absorption coefficients of 60-180 
units. The calcified gyri are better demonstrated by increasing the 
window width to 200 with a window level of 50 (Fig. 5). 

Widening of the subarachnoid space may occur over the calcified area 
and this was visible in five patients. 

Von Hippel-Lindau Disease 

Although this condition is included in the congenital hereditary dis
eases involving the CNS as weIl as many other organs, no case has been 
described be fore puberty. 

The condition is said to constitute approximately 2% of brain tumours 
and 7-10% of posterior fossa tumours (3). We have scanned three pa
tients with this diagnosis during the past 3 years, two of whom were 
mother and daughter. 

The typical lesion is a haemangioblastoma lying in the cerebellar 
hemisphere or vermis with an associated cystic cavity (Fig. 6a). C.A.T. 
defines the low density cystic area weIl, and following contrast in
jection the mural haemangioblastoma shows intense enhancement (Fig. 
6b) . 
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Frequently, these haemangioblastomas are multiple, as was the case in 
all three of our patients. We were unable, however, to demonstrate the 
other lesions on C.A.T., and angiography was eventually required to 
localise the other lesions. 

In rare cases, the haemangioblastomas occur supratentorially, but even 
in such circumstances there may be further tumours in the posterior 
fossa. We encountered one such patient with a large tumour in the left 
posterior temporal region. The posterior fossa tumours were not demon
strated. 

The diagnosis can be made on C.A.T. only when the cystic lesion is 
typical and where other tumours are demonstrated. However, a high index 
of suspicion is required, and a family history of the disease should 
be sought after. In such circumstances multiple overlapping scans of 
the posterior fossa should be undertaken using contrast enhancement. 

Summary 

The role of C.A.T. in the diagnosis and management of the phakomatoses 
is difficult to assess. It is uncommon for C.A.T. scanning to make the 
initial diagnosis, since in most cases, with the possible exception 
of von Hippel-Lindau disease, the diagnosis is made on clinical grounds 
in the first instance. In neurofibromatosis small cranial nerve tumours 
involving the optic and acoustic nerves are readily demonstrable but, 
because of their size, multiple overlapping cuts are required to de
monstrate them adequately. Other lesions such as gliornas and the bony 
abnormalities are, however, weIl demonstrated. In tuberose sclerosis 
C.A.T. is capable of demonstrating lesions as small as 1.5-3.0 mm in 
diameter. In the fo~e-fruste the diagnosis of this condition is likely 
to be made earlier by this method than by any other. 

In Sturge Weber disease the diagnosis, not usually in doubt clinically, 
is confirmed, while in von Hippel-Lindau disease a high index of sus
picion is required to make the diagnosis. 

Contrast enhancement has not been of particular value in tuberose 
sclerosis, since it has been found difficult to achieve the same pre
and post-enhancement scan level. In Sturge Weber disease, patients in 
the early stage of the disease have not been scanned, while in the 
later stages calcification is such that enhancement would be unlikely 
to be of value. In neurofibrornatosis contrast enhancement may sometimes 
be of value, while in von Hippel-Lindau disease it is essential. 

Overall, C.A.T. undoubtedly offers an extremely high incidence of pos
itive scans in these conditions and, as such, is probably the most 
useful single investigation from the point of view not only of con
firming the diagnosis but also in their follow-up. 
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Fig. Fig . 2 

Fig. 1. Absence of postero-Iateral wall of L. orbit in neurofibromatosis 

Fig. 2. Glioma of optic chiasm extending into L. optic radiation; case of neuro
fibromatosis 

Fig . 3a Fig . 3b Fig. 4 

Fig. 3a and b. Tuberose sclerosis be fore (al and after intravenous contrast medium 
(bl with typical phakomata, showing no significant enhancement 

Fig. 4. Tuberose sclerosis, showing hydrocephalus due to giant cell astrocytoma 

Fig. 5a and b. Sturge Weber disease showing left sided calcification and hemiatrophy. 
(al Standard window width, (bl window width 200 
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Fig. 6b 

Fig. 6a and b. Cystic haemangioblastoma of von Hippel-Lindau disease, be fore (a) 
and after intravenous contrast medium (b) showing marked enhancement of mural nodule 



Diseases of the Brain Parenchyma, Atrophy and 
Hydrocephalus 

The Role of C.A. T. in the Diagnosis and Management of 
Intracranial Infections 
I. F. Moseley, L. E. Claveria, and G. H. du Boulay* 

Conventional radiological and isotope investigations are of limited 
use in the diagnosis of intracranial infections. The diagnostic pos
sibilities in meningitis and encephalitis are very limited (7), and 
cerebral abscesses, although they may produce certain well-documented 
changes in, e.g. the angiogram (5) or radioisotope study (3), are gen
erally diagnosed clinically, with the radiological investigations con
firming the presence of some disease processes compatible with the 
clinical diagnosis. 

It rapidly became clear that C.A.T. was an extremely powerful agent 
for the diagnosis of cerebral abscess (2, 6), although its utility in 
other infections is less spectacular. 

Material 

Sixty patients suffering from intracranial abscess, encephalitis or 
meningitis have been studied at the National Hospital, Queen Square 
with the 160 x 160 matrix EMI Scanner (Table 1). In all of them the 
diagnosis has been confirmed by clinical, laboratory, biopsy or necropsy 
data. 

Table 1. Case material - intracranial infections 

Abscess 32 

Bacterial 22 
Tuberculous 5 
Fungal 5 

Encephali tis 15 

Focal (herpes) 7 
Generalised 8 

Meningitis 14 

Bacterial 6 
Tuberculous 7 
Fungal 1 

Total 61 

*Lysholm Radiological Department, National Hospital for Nervous Diseases, Landon. 
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Results 

Intraeranial Abseess 

Pyogenic 

Clinical Features. These eases ineluded 19 eerebral, 2 eerebellar and 3 
subdural abseesses, in 22 patients (2 patients eaeh having a temporal 
and eerebellar or posterior fossa subdural abseess). Two-thirds of the 
patients were less than 30 years of age. In 18 eases some souree of 
infeetion was found: eardiae in 5, postoperative in 5, and ear or para
nasal sinuses also in 5; 2 patients had suffered reeurrent meningitis, 
and the last had repeated ehest infections. The most commonly affected 
region was the frontal lobe (9 cases). 

Other Investigotions. An EEG had been earried out in four eases; i t cor
reetly lateralised the lesion in three, two of whom also had focal 
neurological disturbanee, and showed a diffuse abnormality in the re
maining comatose and decerebrate patient, who had left temporal and 
left cerebellar hemisphere abscesses. The skuU rodiogroph showed an ab
normality in four cases: frontal and maxillary sinusitis, air within 
a temporal lobe; air within a subdural empyema (after tapping); cal-
eifieation in the eapsule of a chronie subdural empyema. In all of 
the remainder i t was though t to be normal. Corotid ongiography was carried 
out in only seven cases; in four it showed a mass lesion, whieh was 
avaseular in three, but with some eircumferential blush in the fourth. 
Once case showed only dilated ventricles; this was the patient with 
left temporal and cerebellar lesions - a vertebral angiogram was not 
performed. The remaining two examinations (one including vertebral 
angiography) were thought to be negative, even in retrospeet: both 
patients had temporalIesions; thus it would appear that three temporal 
abscesses were missed in three eases, but in one of these the angiogram 
was carried out almost 3 weeks be fore the temporal abscess became mani
fest clinieally (the patient also had a posterior fossa subdural em
pyema) . 

Radioisotope scans were carried out in three patients, and were positive 
in eaeh case; two of these also had positive angiograms. 

C.A. T. Data. One of the eerebellar lesions was not seen; the tomographie 
euts were not low enough. A left temporal abscess was also not identi
fied: this was the patient in whom the angiogram was also negative. 
All of the other intra-axial lesions were shown as irregular areas of 
lowered attenuation eoeffieients, with, in a few eases, a suggestion 
of a rim in whieh the coeffieients were less reduced. There was clear 
oedema in 17 eases (Fig. 1) and in 18 there was evidence of a mass 
lesion. Intravenous eontrast medium was injeeted in 16 patients, and 
in 14 produeed a ring enhaneement (Fig. 2) whieh was seen to be multi
locular in 8. In one of the remaining patients, there was no enhanee
ment, and the sc an was wrongly interpreted as being normal, while in 
the other, in whom the brain had already been needled, enhancement was 
homogeneous. 

Four cases showed hydroeephalus, and in four there was evidence of ex
tension of the inflammatory proeess to the ventricular system. 

The subdural empyemata appeared in different ways: the first as an 
area of lowered attenuation with marked enhaneement of its periphery 
after contrast medium injection; the seeond as a calcified eapsule 
surrounding material having the same attenuation eoeffieients as brain, 
and unchanged after contrast medium injection; and the third as a super-
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ficia1 co11ection with coefficients slight1y 1ess than brain, contain
ing bubb1es of air (after aspiration), and with an irregu1ar1y en
hancing capsu1e (Fig. 3a). 

TuhercuZous 

CZinicaZ Features. All five patients were immigrants; three were over 30 
years of age. The past history was unknown in one chi1d, but three of 
the four adu1ts were known to have had tubercu10us meningitis. Three 
patients presented with epi1epsy, and in one of these the EEG showed 
a diffuse abnorma1ity. On1y two patients had single 1esions, and the 
frontal lobe was the least common1y affected region (one 1esion on1y) • 

Other Investigations. The EEG has been referred to above. The skuZZ radio
graph showed ca1cification in one case, and signs of raised intracrania1 
pressure in a further patient presenting with appropriate symptoms. 
Radioisotope scans were performed on two patients; both were negative. 
Angiography showed a parietal mass 1esion, indistinguishab1e from a tu
mour in one case, but was negative in another patient with tubercu1o
mata in the brain stern and caudate nuc1eus. VentricuZography in the 1atter 
patient had suggested a cerebe11ar 1esion; surgica1 exploration was 
negative. 

C.A.T. Data. Abnorma1ities were demonstrated in all five patients, in 
three of whom two or more 1esions were shown. In two cases there was 
ca1cification within the tubercu1omata, but in the remainder the at
tenuation coefficients were either the same as those of normal brain, 
or reduced. Intravenous injection of contrast medium produced definite 
enhancement in all cases: ring-1ike in three, homogeneous also in two 
of these and a further patient, and irregu1ar in the last. The 1atter 
1esion was diagnosed radio1ogica11y as a glioma, the c1inica1 his tory 
being slow1y progressive (Fig. 3b). On1y two of the 1esions showed 
mass effect, which was never gross. Oedema was present in both. 

FungaZ (Three Nocardia1, Two Aspergi11ous) 

CZinicaZ Features. Four of the five patients were young adu1ts, and all 
five were receiving immunosuppressive therapy. Three had suffered ab
seesses e1sewhere. Two cases showed multiple intracrania1 abscesses. 
In every patient except one the frontal and/or parietal lobes were in
vo1ved; in the remaining case the abscess was in the cerebe11ar hemi
sphere. 

Other Investigations: An EEG was recorded in one case, showing a foca1 
abnorma1i ty. The skuZZ radiographs were normal in every case. In two cases, 
radioisotope scans were carried out: in the first, one on1y of three 1e
sions was identified, whi1e in the other the scan was equivoca1, be
coming definite1y positive 2 weeks 1ater - after burr-ho1e aspiration. 
Conventiona1 neuroradio1ogica1 contrast examinations were not carried 
out in any case. 

C.A.T. Data. Eight abscesses were identified in the five patients, all 
as areas of lowered attenuation coefficients, a1though in two cases 
rims of 1ess diminished density were seen. After contrast medium in
jection, five showed homogeneous uptake, and only three showed a typical 
ring pattern, which was mu1ti1ocu1ar in one case. All cases showed 
oedema, but in two this was unassociated with mass effect. 



185 

Encephali tis 

Herpes Simp lex 

Seven proven cases have been examined, six of whom showed reduced at
tenuation coefficients in one or other temporal lobe (more often the 
left), with bilateral lesions in two (Fig. 4). Two patients with pro
found neurological deficits showed internal capsule lesions in addi
tion, and in a third there was a frontal cortical lesion. Despite ex
tensive disease, mass effect was not marked, and none of the cases 
showed displacement of the midline structures. Intravenous contrast 
medium given in two cases produced no change in the appearances. 

Other radiological investigations in these patients were not contribu
tory. 

Other Encephalitides 

Eight cases have been fully documented, with appropriate clinical his
tory, CSF and EEG changes. 

Conventional radiological examinations showed no abnormali ties. In six cases 
the C.A.T. studies were interpreted as normal, but, with follow-up it 
became clear that in one case there had initially been a slight but 
definite - 2-3 EMI number - decrease in the attenuation coefficients 
of the cerebral white matter, which subsequently resolved. In another 
case there were more obvious areas of lowered coefficients in certain 
portions of the paraventricular white matter. 

One proven case of toxoplasmosis was examined, the plain films of which 
showed definite parasellar calcification. C.A.T. confirmed the presence 
of much more extensive parasellar and paraventricular calcification 
than had been indicated by the conventional studies; it also demon
strated marked hydrocephalus (in association with microcephaly), and 
considerable alteration in the configuration of the lateral ventricles. 
The posterior fossa structures were preserved (Fig. 5). Similar appear
ances had been seen in a suspected case, which was however unproven, 
and is therefore not included in the present series (2). 

Meningitis 

Pyogenic 

Six patients were examined by C.A.T.: three within the 1st week, and 
the remainder at least 3 weeks from the onset of symptoms. All these 
examinations were normal, as were radioisotope scans carried out on 
three of the patients. An angiogram carried out in one case demonstrated 
non-specific arteritic changes only. 

Tuberculous 

C.A.T. was carried out on seven cases, of whom four also had pulmonary 
tuberculosis; in five patients the results were quite normal, despite 
the fact that an air encephalogram had suggested lateral ventricular 
dilatation in one of them. Two patients were shown to have hydrocephalus 
by C.A.T. and in one of these there was also abnormal enhancement of 
the tissues surrounding the circle of Willis after contrast medium in
jection, indicative of a basal meningitis (Fig. 6). In one of the pa-
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tients with anormal C.A.T. carotid angiography also demonstrated non
specific arteritic changes. 

A single ca se of cryptococcal meningitis showed no plain radiograph 
or C.A.T. abnormality; no other radiological examinations were per
formed. 

Discussion 

It is clear from our results that, whereas radiology in general has 
little part to play in the diagnosis and management of infective en
cephali tis and meningitis (wi th certain exceptions; vide infra), i t is 
extremely important in cases of cerebra 1 abscess. In published se ries 
of this condition the mortality has ranged from 27 to 53% (1, 4), while 
in the present series of 32 patients only 5 (16%) succumbed, and 22 
(69%) made a good recovery. It seems reasonable to think that among 
the reasons for this improvement in the results the early confirmation 
of the clinical diagnosis and the precise localisation of the lesion 
obtained with C.A.T. have been significant. 

As suggested above, cerebra 1 abscess is generally diagnosed clinically, 
the role of radiological exploration being to confirm (or in a number 
of cases, to exclude) the clinical suspicion and to localise the lesion 
with sufficient precision as to facilitate burr-hole aspiration by the 
surgeon (4). Except in those rare cases in which gas is seen in an 
abscess, or calcification in a tuberculoma, the plain skull radiograph 
is too non-specific to fulfil either of these criteria. Angiography 
and air studies may permit more accurate localisation, although the 
distinction between the abscess itself and surrounding oedema is often 
impossible; 'specific' findings at angiography are only relatively so, 
and lacking in many cases (5). Angiography is arguably more useful for 
the exclusion of other types of lesion. The appearances of isotope 
scans are also non-specific in the large majority of cases, but local
isation of the lesion is often excellent, with a clear demonstration 
of the abscess as distinct from the surrounding oedema (3). 

In the present study, three lesions were not identified. Two of these 
were temporalIesions of at most 1.5 cm diameter, in patients examined 
very shortly after the onset of symptoms, and it is possible in both 
cases that no actual abscess had formed at the time of the C.A.T. The 
third non-visualised abscess was within the cerebellum in a patient 
who also had a temporal lobe abscess; the posterior fossa was not satis
factorily examined. In a fourth case an area of oedema was identified 
in the parietal region, but when the scan was repeated after contrast 
medium injection, the highest tomographic cut was still below the level 
of the superficially lying lesion. Thus, in this case, localisation 
was partially successful, but not pathological diagnosis; this was also 
true in two further cases, in which the nature of a subdural empyema 
was not appreciated and a tuberculoma was diagnosed as a glioma. Even 
in retrospect, this latter mistake could not have been avoided. 

Thus, there were 9% of cases in which localisation was not successful 
and 9% in which the correct diagnosis was not made; using this single, 
non-invasive investigation, diagnosis and localisation were correct 
in 82%. 
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The adequacy of C.A.T. in this context is underlined by the small num
ber of patients on whom radiological studies other than plain skull 
radiography were carried out: angiography in 9 (28%); radioisotope 
scans in 7 (22%) and an air study in 1 (3%). EEGs were recorded in 
6 patients (19%). 

The high proportion of abscesses showing enhancement with contrast 
medium injection (25 of 26 cases) and the greatly improved accuracy 
of localisation of the lesion thus obtained make it mandatory that in
jection should be carried out whenever the clinical diagnosis of ab
scess is raised. Of the 37 abscesses present in the 26 patients to 
whom contrast medium was given, 26 showed a ring of enhancement, and 
although similar appearances may be seen in a number of other condi
tions, given the appropriate clinical picture, this observation is 
most suggestive. Furthermore, the ring enhancement seen in other condi
tions can often be distinguished: thus, for example, the 'capsule' of 
tumours is usually thicker and irregular, with enhancement within it 
or associated solid nodules, and oedema may not be striking in the 
presence of considerable midline displacement, whereas with infarcts 
there is commonly little or no mass effect, and the ring enhancement 
occurs at the periphery of the lesion rather than within it. With both 
gliomas and metastases the attenuation coefficients may be increased 
above those of normal brain be fore enhancement, while, with the excep
tion of two tuberculous lesions, all the abscesses were at most isodense 
with brain, usually being of lower density. 

In addition to being an aid in the localisation of the abscess, the 
ability of C.A.T. to show after contrast medium injection the presence 
of multiple loculi may be of great assistance to the surgeon. We have 
found that clear demonstration of this characteristic may be obtained 
most satisfactorily by carrying out the post-enhancement C.A.T. 1 or 
2 hours after injection of the eontrast medium rather than immediately. 

It was further observed in several of our cases that the "capsule" no 
longer enhanced after apparently successful aspiration of the abseess, 
whereas, in eases where enhancement was still seen, there was good 
elinical evidenee that aetive in feet ion was still present. For this 
reason, we would strongly suggest that no barium contrast medium be 
instilled into the abscess cavity at the time of drainage, not only 
because the high density of such contrast medium may create unwelcome 
artefaets on subsequent C.A.T. examinations, but beeause it may obseure 
uptake of the intravenous contrast medium. When C.A.T. is freely avail
able for follow-up examinations, instillation is not neeessary, and the 
introduetion of a foreign body whieh the surgeon may later feel con
strained to excise may thus be avoided. 

When an abseess is suspeeted in postoperative eases, it is elear that 
C.A.T. will always show an abnormality; for the demonstration of an 
abseess in this situation, intravenous eontrast medium must be used. 

Five of the eight fungal abseesses have been noted as showing homo
geneous enhancement rather than the typical ring pattern; this may be 
related to the more granulomatous nature of these lesions. The most 
important differential diagnostic feature in all these cases was per
haps their oceurrence in patients receiving immunosuppressive drugs, 
while a previous history of tuberculous meningitis was obtained in the 
majority of patients with tuberculomata. These observations are signif
icant in that the differentiation between these lesions and pyogenic 
abscesses was often impossible on C.A.T. criteria alone, except in the 
two cases in which tuberculomata were calcified. It may be remarked, 
however, that although half the patients with non-pyogenic abscesses 
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were observed to have multiple lesions, only 3 of the 22 other patients 
showed this feature. 

The demonstration of C.A.T. abnormalities (areas of lowered attenuation 
coefficients, without space-occupying effect) in patients with ence
phalitis or meningitis is of interest, but not of great practical use. 
There is some hope, however, that observation of these changes in herpes 
simplex encephalitis may, with isotope and angiographic da ta (7) re
sult in earlier diagnosis, and possibly thereby in improved prognosis. 
The late effects of this disease may also be documented by C.A.T. 

C.A.T. also plays a part in the exclusion of other lesions, e.g. ab
scess or tumour, in patients with encephalitis or meningitis. In the 
latter condition, its main role is in the detection and management of 
such complications as hydrocephalus. 

Conclusions 

C.A.T. is the radiological method of choice for diagnosis, localisation 
and subsequent management of intracranial abscesses, and in many cases 
will render other forms of investigation unnecessary. It is the only 
non-invasive technique which will clearly demonstrate multilocular le
sions, multiple small lesions and intraventricular rupture. It is also 
of use in the differential diagnosis of encephalitis and in the manage
ment of the complications of meningitis. 

Addendum 

A further case of aspergillous abscess has come to our attention. This 
patient had disseminated aspergilloma, was on large doses of steroids 
and had a cerebral lesion diagnosed as an infarct, but eventually shown 
at autopsy to be an abscess. 
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a b 

Fig. la and b. Otogenic abscess (not included in present series). (a) 80 matrix 
C.A.T. (b) left lateral isotope scan. The C.A.T., made without contrast medium, does 
not separate abscess and oedema; scan shows only the former 

a b 

Fig. 2a and b. Typical right temporal lobe abscess. (a) Enhancement of capsule by 
intravenous contrast medium. Anterior displacement of middle cerebral artery. (b) 
After successful treatment: oedema only; no enhancement 

a b 

Fig. 3. (a) Subdural empyema. Irregular enhancement of capsule. Contents loculated 
(air bubbles) and denser than CSF. (b) Frontoparietal tuberculoma mimicking a glioma 
(enhanced) 
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a b 

Fig. 4a and b. Herpes simplex encephalitis. (al Acute phase: vague left temporo
parietal low density. (bl One year later: necrosis of both temporal lobes, mild 
hydrocephalus. (There was also right frontal necrosisl 

a b 

Fig. 5a and b. Intrauterine toxoplasmosis. (al Perisellar and periventricular calcif
ication; gross hydrocephalus. (bl After contrast medium injection middle cerebral 
arteries lie free in CSF. Normal superior vermis in the midline 

a b 

Fig. 6a and b. Tuberculous meningitis. (al Marked hydrocephalus. (bl Abnormal hyper
vascular tissues surround the circle of Willis, evidence of basal meningitis 



C.A.T. in Leukodystrophy and Neuronal Degeneration 
B. E. Kendall, L. E. Claveria, and W. Quiroga * 

Conventional neuroradiology previously had a limited part to play in 
distinguishing the diseases grouped under the generic terms leukodys
trophy and neuronal degeneration from tumours when the clinical presen
tation was atypical. Atrophy may occur in any of these conditions and 
its distribution is sufficiently distinctive to allow recognition of, 
for example, striatonigral and pontocerebellar degeneration and of 
progressive supranuclear palsy on pneumoencephalograms. 

The attentuation characteristics of normal white and grey matter dis
tinguish them on C.A.T. Extremes of normal variation of grey matter are 
18-30 and of white matter 11-18. Attenuations extending outside these 
ranges are recognised visually as abnormal at usual window levels, but 
white matter in the low normal range may occasionally be difficult to 
distinguish without reference to the print-out. C.A.T. may be expected 
to show attenuation changes in addition to possible atrophy in some of 
the conditions being discussed (10). In order to assess the incidence 
and specificity of any abnormalities we have reviewed those patients 
who have been examined with the 160 x 160 matrix scanner in whom a 
diagnosis of one of these conditions has been established. The differ
ential diagnosis is discussed in relation to other cases presenting 
with similar C.A.T. appearances over the same period. The results are 
set out in Tables 1-7. 

Discussion 

Leukodystrophies 

Leukodystrophy is the generic term for a heterogeneous group of con
ditions which have in common several clinical and morphological char
acteristics. They include spongiform leukodystrophy (Canavan's diffuse 
sclerosis), Alexander's disease, metachromatic leukodystrophy, globoid 
leukodystrophy (Krabbe's disease) and sudanophilic leukodystrophy 
which includes adreno-leukodystrophy (7). They are usually inherited in 
an autosomal recessive manner. The myelin sheaths are abnormal and the 
white matter is replaced by glia, often of loose structure with in
creased fluid content, whereas the grey matter is relatively unaffected. 
The conditions are bilateral and symmetrical and the degeneration is 
progressive, sometimes leading in chronic cases to considerable atrophy 
before death. The usual presenting symptoms are symmetrical motor and 
sensory disabilities, the emphasis depending on the major site of pa
thology. Mental retardation and dementia often occur later but convul
sions are not a prominent feature. The findings on our cases are shown 
in Table 1. 

*Lysholm Radiological Department, The National Hospital, London. 
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Spongiform leukodystrophy (Canavan I s diffuse sclerosis) is characterised 
pathologically by almost complete demyelination of cerebral white mat
ter. It is replaced by a loose glial network which appears oedematous 
and contains large spaces between the glial fibres on histological 
examination. Our two cases were brothers, the disease in the eIder be
ing proven by biopsy. Megalencephaly, which is especially common in 
the infantile forms of this disease, was present in both patients and, 
as usual, neurological deterioration was continuous. C.A.T. showed 
identical changes in both siblings (Fig. 1); there was extensive sym
metrical, low attenuation (7 Hounsfield units) throughout the white 
matter of both cerebra I hemispheres, noticeably sparing the internal 
capsules. There was widening of the interhemispheric fissures indicating 
some atrophy. Similar findings have been reported and illustrated in a 
case report (2). 

Alexander 's disease presents an indistinguishable clinical syndrome and 
the macroscopic appearance of the brain is also similar. Microscopical
ly, RosenthaI fibres massed around the blood vessels and adjacent to 
the ependyma and pia characterise the disease. Though we have not ex
amined cases with C.A.T. it is probable that the appearances would 
be similar to those in spongiform degeneration. 

Metachromatic leukodystrophy is associated wi th deficiency of the enzyme 
aryl sulphatase A which can be detected by examination of blood from 
affected subjects. There is accumulation of sulphatides in cells of 
the central and peripheral nervous system and in many viscera. This 
substance shows characteristic staining reactions and the disease can 
be most easily diagnosed by demonstrating the sulphatides in epithelial 
cells obtained from urinary sediment. In addition to the typical leuko
dystrophy the affected subjects may have peripheral neuropathy. Case 
3 of our series was aged 7 and fairly rapidly progressive. There was 
generalised periventricular low attenuation most marked in the frontal 
region (Fig. 2a). Case 4, aged 35, had shown a history of slowly pro
gressive mental deterioration since the age of 15 and was now severely 
demented and epileptic. In addition to low attenuation, which was con
siderably more marked in the frontal white matter than elsewhere, there 
was moderate dilatation of the lateral and third ventricles due to 
cerebral atrophy. 

In globoid ceU leukodystrophy or Krabbe I s disease there is deficiency of 
the enzyme galactocerebrosidase which can be estimated in blood samples. 
There is accumulation of cerebroside, which can be detected by staining 
with PAS in epithelioid cells in the central and peripheral nervous 
system, causing a combined leukodystrophy and peripheral neuropathy. 
The disease mainly affects young infants and death usually occurs under 
2 years of age. Though we have not examined cases with C.A.T. there is 
no reason to suspect that the appearances would not be similar to ex
tensive involvement by other leukodystrophies. 

Adrenoleukodystrophy is transmitted as an X-linked recessive, typically 
affecting boys of about 4-6 years. The leukodystrophy is most pro
nounced in the occ'ipi tal lobes and the disease typically presents wi th 
cerebral blindness. There is breakdown of normal myelin resulting in 
a non-specific accumulation of sudanophil material in the affected re
gions. It is unknown why adrenal cortical atrophy is associated with 
this condition, but it aids in recognition when there is clinical or 
biochemical evidence of its presence such as increased skin pigmenta
tion or high ACTH levels in the blood (1). In cases 5 (Fig. 2b) and 6 
the diagnosis was proved at post-mortem. The low attenuation was most 
pronounced in the white matter of the occipital and parietal lobes and 
spared the frontal lobes. Identical changes have been illustrated in 
a case report (5). 
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There was no biopsy or biochemical proof of the diagnosis in our other 
four cases, but the progressive clinical picture was associated with 
a similar C.A.T. abnormality to that in the six proved cases and the 
extent of the C.A.T. abnormality increased after intervals ranging 
between several months and 1 year. In case 8, the parents were consan
guinous and in case 9 a brother had a similar disease. 

It appears, therefore, that this C.A.T. abnormality of weIl demarcated, 
syrnrnetrical, low attenuation in the cerebral white matter,. in associa
tion with an appropriate clinical syndrome, is highly suggestive of 
leukodystrophy and that the distribution of the abnormality may be of 
some help in suggesting the type of leukodystrophy. 

Similar C.A.T. Appearances in Other Conditions 

DemyeZination Associated with or FoZZowing Systemic IZZness 

Of our 10 cases fitting into this category, 5 showed no abnormality on 
C.A.T. The typical lesion shown histologically in these conditions 
(6) are small perivenous demyelinations and cellular infiltrations 
similar to those which have been most extensively studied in postvac
cinial encephalomyelitis (4) and which are too small to be shown on 
C.A.T. Only when these lesions become confluent or, for unknown reasons, 
are associated with unusually marked surrounding oedema, which can 
occasionally be sufficient to cause death from tentorial coning, will 
they be visible. Five of our patients, all with clinical evidence of 
diffuse or multifocal involvement of the CNS, showed one or more low
attenuation lesions which varied on serial C.A.T.s (Table 2). None of 

Table 2. Encephalomyelitis 

Sex and Presentation C.A.T. Follow-up C.A.T. Clinical 
age systemic illness low attenuation low attenuation progress 

Intellectual Deteri- Cerebellum and 2/12. L. Parietal Improved 
F/6 oration Brain stem 

Brain stem signs 

R. sensory dis-
M/21 turbance, cord Normal 1/12. L. Parietal Improved 

lesion 

F/5 R. hemiparesis L. cerebellar 3/52. Cleared Normal 

F/23 Visual loss L. parieto- 3/52. R. parieto- Normal 
occipital occipital 

the lesions showed enhancement following intravenous contrast injection. 
One of these patients is of particular interest because the initial 
C.A.T. showed diffuse low attenuation in the cerebral white matter 
similar to that in the leukodystrophies. During the following month the 
patient's condition improved from one of semi-coma with bilateral pa
resis to moderate confusion, but there was now a dense left hemiplegia. 
Repeat C.A.T. showed marked decrease in the ex te nt of the bilateral 
low attenuation, but there was now enlargement of the lateral ventricles 
and a circumscribed low attenuation in the right internal capsule sug
gesting an infarct. At this time the patient also had evidence of a 
spinal cord lesion. After a further month the patient had recovered 
further, but had a residual left hemiparesis, and the C.A.T. showed 
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clearing of the periventricular low attenuation but persistence of the 
other features. This patient is grouped in Table 3 with two other pa
tients in whom C.A.T. showed similar extensive, symmetrieal, low at
tenuation in the cerebral white matter and who are considered to fit 
best into the group of post-infective or allergie demyelination. They 
both had subacute cerebral illnesses accosiated with a minor systemic 
illness. In one of them follow-up C.A.T. showed decrease in the abnor
mality, associated with clinical improvement (Fig. 3). The other patient 
completely recovered clinically, but there was no C.A.T. follow-up. 

Table 3. Encephalomyelitis 

Diagnosis Evidence Associated Sex Family C.A.T. C.A.T. Clinical 

condition and history dis tri- follow- course 
age bution up 

? Ence- Large Diarrhoea, M/l~ General De- Improved 
phalitis head, re- vomiting creased 

gression/ chest in-
spastic fection 

? Ence- Headache/ Pyrexia and M/3 General Recovered 
phalitis ataxia vomiting 

Encephalo- Clinical Fever and M/24 General De- Cord lesion 
myelitis rash, CSF creased 

lymphocy- atrophy 
tosis R. capsular 

infarct 

Lew Attenuation in Patients with Muscular Dystrophies (Table 4) 

There were two patients with muscular disorders, one muscular dystrophy 
with consanguinous parents, and one with myopathy (Fig. 4a) which was 
also present in the father and only sibling. Both children had evidence 
of a cerebral disorder and C.A.T. showed generalised low attenuation 
in the cerebral white matter without enhancement following intravenous 

Table 4. 

Clinical Associated 
abnormal- eondition 
ity 

Spas ti ci ty Muscular 

Large head, Myopathy 
retarded, also in 
epileptic father and 

sister 

Sex and age Family 
his tory 

F/5/12 C 

F/S 

C.A.T. 
distri-
bution 

General 

General 

C.A.T. 
Follow
up 

De
creased 

Clinical 
course 

Static 2 years 

Improved 

contrast medium. One patient remained static clinically over 2 years 
and follow-up C.A.T. scan showed decrease in the low attenuation. The 
other patient also improved, but there has been no follow-up C.A.T. 
The nature of the cerebral pathology in these children is unknown; it 
could be merely fortuitous, but the association with muscular disorders 
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is documented for interest. Enlarged lateral ventricles and cortical 
atrophy have been reported on air encephalograms in patients suffering 
from spinal neurogenie muscular atrophy and muscular dystrophy (9). 
Neuropathological study in patients with Duchenne and myotonie muscular 
dystrophy (12) has revealed low brain weight and an increased nurnber 
of ectopic nerve cells in subcortical white matter, best explained by 
decreased neuronal migration in foetal life. Mental deficiency is as
sociated in an unusually large percentage of patients with muscular 
dystrophy. 

VaseuZar Disorders (Table 5) 

Table 5. Vaseular Disorders 

Diagnosis Evidenee Assoeiated 
eondition 

Eneephalo
pathy 

Eneephalo
pathy 

Dementia 

Dementia 

BP240/140 

Hyperten-
sion 2 years 

Poly-
eythaemia 

Poly-
eythaemia 

Sex 
and 
age 

M/2 

M/48 

M/SS 

F/60 

Family C.A.T. C.A.T. Clinieal 
history dis tri- follow- course 

bution up 

General Reeovered 

General Improved 

General Statie 

- General Statie 

Generalised, well-demarcated, syrnrnetrical, low attenuation in the ~en
tral cerebral white matter was also found in two patients with hyper
tensive encephalopathy (Fig. 4b). Both were severely confused, with 
papilloedema. The blood pressure was reduced, in the first case follow
ing nephrectomy for unilateral renal artery stenosis associated with 
medullary sclerosis of the kidney and in the second by hypotensive 
drug therapy. The first case completely recovered and the other im
proved, but there were no follow-up C.A.T. scans. 

Two patients with polycythaemia presented with severe dementia. There 
was markedly diminished cerebral blood flow in all regions, which was 
improved in one case following treatment but there was no concomitant 
improvement in the neurological condition and no follow-up C.A.T. has 
yet been performed. White matter degeneration in association with poly
cythaemia has been described (3) and is thought to be the result of 
ischaemia associated with slow cerebral blood flow. The possibility 
of its being associated with antimetabolite treatment has also been 
suggested but this has not been administered in our patients. 

Disseminated Neerotising LeukoeneephaZopathy (Table 6) 

C.A.T. scans have been performed on two patients in whom this diagnosis 
has been established at autopsy. Both had been subjected to cranial 
radiotherapy and to prolonged courses of intrathecal and systemic anti
metabolite drugs, mainly methotrexate for malignant meningitis follow
ing lymphosarcoma and lymphoblastic leukaemia respectively. After ini
tial improvement, both suffered a progressive cerebral illness. In 
the 54-year-old woman this was acute, and progressed to coma be fore 
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Table 6. 

Diagnosis Evidence Associated Sex C.A.T. distri- C.A.T. Clinical 
condition and bution follow-up course 

age 

Necro- Lymphosar-
tising coma 

F/54 General Progressive 
leuko-

Autopsy 
D X T 

encephalo- methotrex-
pathy ate 

Necro- Lympho- General 
tising blastic 

M/9 
with 1/12 

Progressive 
leuko-

Autopsy 
leukaemia calcification Static 

ence- D X T 
phalopathy methotrex-

ate 

death. C.A.T. (Fig. Sa) showed extensive low attenuation throughout 
both cerebral hemispheres similar to that occurring in the leukodys
trophies. At autopsy the brain was diffusely necrotic and oedematous. 

The child had a much slower course, with increasing mental deteriora
tion over 3 years be fore death from pneumonia. C.A.T. scans, in addi
tion to showing the symmetrical low attenuation, also revealed linear 
symmetrical calcification in the cerebral white matter and basal ganglia 
(Fig. Sb). Our cases are similar to those reported at autopsy (13) 
which showed extensive multifocal coagulative necrosis extending to 
confluence with associated oedema. There is a notable absence of in
flammatory and macrophage reaction. Microscopy shows demyelination 
with axonal damage, gliosis and focal status spongiosis. Mineralised 
debris has been noted in the necrotic foci (8, 11). The condition is 
thought to be due to disturbance of the blood-brain barrier by radio
therapy which allows antimetabolites to penetrate into the cerebral 
white matter. These probably interfere with the function of the oligo
dendrocytes with subsequent necrosis of the myelin. 

C.A.T. abnormalities in our patients with neuronal degeneration are 
shown in Table 7. The main purpose of C.A.T. in these conditions is 
to exclude an underlying tumour, infarct or hydrocephalus in clinically 
atypical cases. Atrophy of expected distribution is frequently (Fig. 
6b) though by no means invariably present. More specific changes were 
present in a few cases, such as cavitation in the basal ganglia in 
three cases with Parkinsonism (Fig. 6a). This is known to be more 
frequent and severe at autopsy in postencephalitic Parkinsonism, but 
it occurred in one case of each aetiology in our series. 

In one of our three patients with Wilson's disease there was increased 
attenuation (up to 200 Hounsfield units) in the thalami. The other two 
were normal. 

Many children with signs suggesting failure of normal cerebral devel
opment or of regression, progressive focal disturbances or epilepsy, 
have been examined with C.A.T. over the period of this survey, and 
C.A.T. has been useful in separating those with congenital abnormal
ities, tumours, infarcts and birth trauma from those which we have dis
cussed. We are not aware of any cases of leukodystrophy which have not 
had an abnormal C.A.T. scan at first examination but, because similar 
appearances can occur in other conditions which are not necessarily 
progressive, we feel that follow-up C.A.T. is essential unless there 
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is clinical or histological confirmation of a leukodystrophy. During 
the same period we have examined several children with megalencephaly 
of unknown cause, (including three with Soto's disease) in whom the 
brain appeared normal or showed only slightly enlarged ventricles. 

Summary 

At the time of presentation, leukodystrophy is characterised by sym
metrical, well-defined, low attenuation in the cerebral white matter. 
Early in its course each disease has a tendency to a particular distri
bution of changes, but the general appearances are similar in all the 
leukodystrophies. Similar C.A.T. appearances may occur in the other 
conditions which have been discussed. Some of these may regress spon
taneously or be amenable to therapy, whereas the leukodystrophies are 
always progressive. All the diseases in which neuronal degeneration 
occurs may be associated with atrophy maximum in the appropriate dis
tribution of the disease process, but frequently also more diffuse. 
C.A.T. is useful in distinguishing atypical cases from other pathologies. 
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a b 

Fig. 1. Ca se 1: Spongiform degeneration. Symmetrical low attenuation (average 7 
Hounsfield units) in cerebral white matter. Note sparing of internal capsules. Widen
ing of interhemispheric fissure due to atrophy 

a b 

Fig. 2. (a) Case 3: Metachromatic leukodystrophy. Symmetrical low attenuation in 
deep white matter, most prominent in frontal lobes. (b) Case 5: Adreno-leukodystrophy. 
Symmetrical low attenuation prominent in occipital lobes, sparing frontal lobes 

a b 

Fig. 3a and b. Case 12: Encephali tis. (a) Symmetical low attenuc.tion corona radiata. 
(b) 5 weeks later following clinical improvement, diminution in C.A.T. abnormality 
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a b 

Fig. 4a and b. Symmetrical low attenuation in corona radiata. (a) Case 11 : Myopathy; 
(b) Case 18: Hypertensive encephalopathy (BP 240/140) 

a 

Fig. 5. (a) Case 23: Acute necrotising leukoencephalopathy. Symmetrical low attenua
tion corona radiata. (b) Case 24: Necrotising leukoencephalopathy. Less extensive 
low attenuation; curvilinear calcification in white matter and in basal ganglia; 
minor dilatation of lateral ventricles and Sylvian fissures 

a b 

Fig. 6. (a) Post-encephalitic Parkinsonism. Symmetrical low attenuation suggesting 
cavitation in lentiform nuclei. Widening of Sylvian fissures. (b) Shy-Drager syndrome. 
Diffuse atrophy. Fourth ventricle and basal eisterns dilated. Brain stern small 



C.A.T. in Multiple Sc1erosis 
c. Gyldensted * 

One hundred and ten patients with clinically definite multiple sclerosis 
were examined with C.A.T. of the brain with the 160 x 160 matrix EMI 
scanner in the period September 1, 1974 to August 31, 1975. 

Eighty-two areas of low X-ray attenuation around the ventricular system 
were found in 40 cases (36%), p&rticularly adjacent to the anterior 
and posterior horns and trigones. These areas are postulated to re
present the large periventricular plaques known to exist in multiple 
sclerosis. 

Mean plaque volume was 1.26 cm 3 and mean attenuation was 9.5 EMI units. 
Intravenous injection of isotonic metrizoate (1.5 ml per kilo body 
weight) did not give further diagnostic information. 

Periventricular plaques were associated with central and cortical at
rophy of the brain, as only three plaque cases had normal measurements. 
A total of 49 patients (45%) with atrophy and no plaques were found, 
while only 20 cases (18%) had normal EMI scans. 

No difference in duration of disease or age at onset could be statis
tically confirmed between the three different groups of multiple scle
rosis patients. 

A more detailed report will be published in Neuroradiology 11 (1976). 

*Department of Neuroradiology, Rigshospitalet, Copenhagen, Denmark. 
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Fig. 1a-d_ A_J. Female, age 58 years_ MS for 40 years_ Moderate ventricular enlarge-

ment and cortical atrophy. (a) and (b) Two contiguous sections showing large plaques 

at lateral angles of left and right anterior horns_ Total plaque volume left side: 

6.2 cc, right side 4.0 cc_ (c) C_A.T. from the same patient at a higher level show-

ing an area of pathologically low attenuation above the left occipital horn con-

sidered to be a cerebral plaque_ Volume 2.8 cc_ Mean attenuation 9.0 EMI units_ 

(d) Detail of 160 x 160 pixel paper print corresponding to (a) showing plaque at 

left anterior horn 



Hydrocephalus, Atrophy and Their Differential Diagnosis -
CSF Dynamics Investigated by Computer Cistemography 
T. Hindmarsh and T. Greitz* 

The differential diagnosis between hydrocephalus and cerebral atrophy 
constitutes achallenge to the clinician. The concept of low pressure 
hydrocephalus introduced in the sixties has made this differentiation 
more important. Pneumoencephalography has offered some aid, but cor
relations between anatomical observations made at air studies (and at 
autopsy) and clinical findings have not been satisfactory. So far no 
reliable method has been found to select patients with hydrocephalus 
suitable for operation by a shunting procedure. The introduction of 
isotope cisternography has not brought about a significant improvement 
of this situation. 

computer assisted (C.A.) cisternography (1) has enabled us to study 
essentially the same physiological parameters as with isotope cisterno
graphy, taking advantage of a higher spatial resolution and a signif
icantly reduced radiation dose to the spinal cord. The aim of the pre
sent paper is to correlate the physiological parameters with the ana
tomical findings observed at C.A.T. However, the clinical data avail
able are not sufficient to make a comparison with the clinical symptoms 
possible. 

Material and Methods 

This work is mainly based on experiences in the examination of 51 adult 
patients referred to the Department of Neuroradiology because of clin
ical suspicion of communicating hydrocephalus. All these patients were 
demented. They were examined by computerised tomography using the 160 x 

160 matrix. The CSF dynamics were investigated using isotope cisterno
graphy in 29 patients, C.A. cisternography in 12, and both methods in 
10 patients. 

As reference material, 10 patients were examined following lumbar myelo
graphy using metrizamide. 

For isotope studies, 25'0 microcuries of 169 YtterlJium DTPA were injected 
in the lumbar area and scans were taken after 3, 24, and 48 h. 

The technique of C.A. cisternography is as follows. The patient is 
placed in the lateral recumbent position with a firm pillow under his 
head. The head-end of the table is tilted down about 100 • Alumbar in
jection is made and 20 ml or metrizamide (Amipaque) in a solution con
taining 85 mg iodine per ml are injected. The position of the patient 
brings the bolus of the contrast medium up to the cervicodorsal junction. 
The patient is left in this position for about 30 min to allow the 
medium to be transported to the intracranial spaces by the CSF circula
tion. It is important to keep the head in a sufficiently high position 

*Department of Neuroradiology, Karolinska Sjukhuset, Stockholm, Sweden. 
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to prevent the contrast medium from entering the head by gravity. 
Scans were usually taken after 3, 6, and 24 h. We have recently begun 
to give the patients 200 mg phenobarbital as a premedication orally 
the night be fore the examination, occasionally supplemented by an in
travenous injection of the same amount immediately prior to the exam
ination. 

Results 

Normal (reference) material. Cuts taken 3 h after the injection invariably 
demonstrate contrast medium within the cisterna magna, the basal cis
terns and in most cases also within the fourth ventricle (Figs. 1 and 
2). Adefinite enhancement of the .third ventricle is rare in anormal 
group of patients. A slight increase in the attenuation of the lateral 
ventricles may be observed but stays below 10 EMI units, which means 
that the attenuation of the CSF remains below that of the brain. The 
attenuation of the basal cistern usually starts to decrease after 3 h. 
At the same time contrast medium of increased concentration appears 
in the Sylvian and interhemispheric fissures. In anormal case, at 
least in younger individuals, maximum concentration over the convexity 
is achieved after 12 h. 

Patients with cUnical hydrocephalus. At C.A. cisternography the same type 
of pathological change of the CSF circulation was observed as with 
isotope cisternography. A fairly common observation was that of slow 
circulation wi th or wi thout a non-persistent fiUing of the lateral ventricles 
with contrast medium. Sometimes a transient enhancement of the CSF is 
revealed by the fact that the ventricles are difficult to observe be
cause they are filled with contrast medium. As the contrast medium 
begins to reach the convexities, the area adjacent to the calvarium 
shows increased attenuation. At the same time dilated cerebral sulci 
may still be clearly visible high up on the convexity but after 24 h 
this is usually no longer the case. This eventual non-visualisation 
of cisterns and sulci at C.A. cisternography indicates that they have 
become filled with contrast medium of about the same density as that 
of the brain and affords a means of determining the maximum filling 
over the convexity and consequently the speed of the CSF circulation. 

As wi th isotope cisternography a more persistent and sometimes marked intra
ventricular uptake may be observed. In these patients contrast filling 
over the convexities is usually poor and in three such cases a sug
gestion of contrast accumulation in the subependymal tissues around 
the lateral ventricles was observed (Fig. 3). This was thought possibly 
to be due to a leakage through the ependyma into the subependymal oede
matous tissues. 

In general a very good agreement was found between C.A.T. studies and 
isotope studies in the 10 patients who were examined with both methods. 
The same patients showed transient or persistent intraventricular fil
ling or no intraventricular uptake respectively. When a relative block 
was observed in the posterior fossa using isotope cisternography, the 
same findings were made at C.A.T. cisternography. 

In order to further elucidate the correlation between the two methods, 
the attenuation changes with time within the lateral ventricles were 
evaluated in the 10 patients who were examined with both methods. Curves 
were then plotted referring to patients with persistent uptake at iso
tope cisternography, to those with non-persistent uptake and to patients 
shown to have anormal CSF circulation using isotope cisternography. 
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These three groups were shown to differ with respect to the time course 
of the attenuation changes. This suggests a good agreement between the 
results of the two methods of cisternography. As seen from the curve 
(Fig. 4) there is a tendency for patients with anormal CSF circulation 
to have a continuous increase of the attenuation during the first 24 h 
as opposed to the other two groups. 

It was considered important to correlate the anatomical changes with 
the physiological parameters observed, paying special attention to 
changes which - according to our experience from pneumoencephalography 
- could represent either atrophy or hydrocephalus. It was found that 
in general the same changes occurred as seen at air studies. In a nor
mal case, using our technique, the sulci over the cerebral convexities 
are barely visible. Most of the Sylvian fissures are not seen at C.A.T. 
with the exception of their most anterior and lateral extensions. In 
most cases of hydrocephalus no sulci are seen high up on the convexity 
in the parietal area. However, as at pneumoencephalography, a marked 
dilatation of the Sylvian fissures and occasionally of the interhemi
spheric fissure may be seen. An extension of the dilated Sylvian fis
sures up into the parietal area is a rather frequent finding and should 
not be considered to be due to cortical atrophy. Dilatation of the 
temporal horns has been considered an important sign in pressure and 
low-pressure hydrocephalus. This dilatation may be observed at C.A.T. 
The size of the lateral ventricles was estimated by an anterior horn 
index and the width of the third ventricle was calculated. 

The sulci over the convexity were classified as normal, i.e. barely 
or not visible, moderately enlarged or highly enlarged. Tables 1 and 2 
show the results of an attempt to compare the anatomical changes with 
the physiological parameters observed. The data on CSF dynamics pre
sented in these tables are obtained with either isotope cisternography 
or C.A. cisternography, or with both methods. As the results in the 
cases examined with both methods were in complete agreement, all data 
were pooled. 

As seen from Table 1, patients in this selected material with no visu
alisation of the sulci over the convexities frequently showed an intra
ventricular uptake of isotope or contrast medium. Such uptake was ob
served in 70% of the 23 patients with absence of convexity sulci. In 
48% the intraventricular uptake was persistent. This occurred only in 
11% of patients with enlarged sulci. Persistent filling was also a 
cornrnon observation (52%) in patients with dilated temporal horns and 
occurred in 60% of patients with a triad consisting of dilated temporal 
horns, dilated Sylvian fissures and absence of visible sulci over the 
convexity, i.e. with the findings thought to be characteristic of com
municating hydrocephalus. As seen from Tables 3 and 4, a significant 
positive correlation was observed between persistent filling and in
creasing width of the anterior horn and a significant negative cor
relation between the same parameter and anormal CSF circulation. 

The size of the third ventricle showed a positive correlation to intra
ventricular uptake (Table 4). 

Discussion 

The high sensitivity of C.A.T. allows the subarachnoid spaces to be 
studied radiologically using iodinized contrast media of low concentra
tion. This sensitivity is exemplified by the fact that an increase of 
the iodine content of the CSF by 1 mg per ml increases the attenuation 
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Tables 1-4. Correlations between anatomical changes observed at C.A.T. and physiol
ogical parameters studied either by isotope cisternography, by C.A. cisternography 
or by both methods. Figures indicate the percentage distribution of physiological 
parameters in patients all showing the same findings with regard to a given morphol
ogical parameter 

Table 1 

Absence of convexity sulci 
23 cases 

Moderate dilatation of 
convexi ty sulci 
19 cases 

High grade dilatation 
of convexity sulci 
9 cases 

Table 2 

Widened Sylvian fissures 
22 cases 

Widened temporal horns 
23 cases 

"Triad ll 

10 cases 

Table 3 

Index anterior horn 

<0.29 
16 cases 

0.29-035 
19 cases 

>0.35 
16 cases 

Table 4 

Width of third ventricle 

,;.7 mm 
24 cases 

>7 mm 
27 cases 

Normal 
circulation 

% 17 

11 

33 

% 5 

5 

o 

% 50 

o 

6 

% 33 

4 

Slow 
circulation 

13 

32 

11 

23 

13 

10 

19 

32 

6 

29 

11 

Ventricular filling 
Transient Persistent 

22 48 

47 11 

44 11 % 

36 36 

30 52 

30 60 % 

31 o 

42 26 

31 56 % 

29 8 

41 44 % 

of the CSF with 10 to 15 units. Aprerequisite for a suitable contrast 
medium for use in cisternography is a relatively high molecular weight 
which prevents its rapid absorption from the subarachnoid space. Hence, 
methiodal sodium of low molecular weight is rapidly absorbed and will 
not be observed intracranially, while meglumine iocarmate (Dimer Xl 
and metrizamide will remain within the subarachnoid space in a suf
ficient concentration. This difference in absorption is reflected in 
the time course of thOe concentration of iodine in the serum following 
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lumbar injection; a contrast medium of a high molecular weight reaches 
its peak more slowly than that of a low molecular weight. This differ
ence mayaiso be observed with regard to the renal excretion of the 
media. 

The high frequency of fourth ventricle filling in normal cases is evi
dently not due to passive transport by gravity as this phenomenon also 
occurs in patients subjected to lumbar myelography who were kept in 
a slightly upright position following the examination. The difference 
in filling between the lateral ventricles and the fourth ventricle may 
be explained by the fact that the aqueduct to a certain extent con
stitutes a functional barrier against the ascent of contrast medium. 
The observed rim of contrast medium around the lateral ventricles of 
two hydrocephalic patients could be due to a leakage of the medium 
through the ependyma. Leakage of water into the subependymal tissues 
has been observed in experimental hydrocephalus, and a zone of low 
attenuation suggestive of subependymal oedema has been observed at 
C.A.T. (1). 

However, these changes seem to be more frequent in patients with acute 
hydrocephalus. In patients who had a ventriculo-atrial shunt because 
of hydrocephalus, the attenuation around the lateral ventricles was 
higher before shunting than after (2). This suggests that several fac
tors are operating which may change the attenuation around the ven
trieles in hydrocephalus. Changes in the water content as weil as 
quantitative and qualitative changes of the components of the cerebral 
tissues such as myelin must be taken into consideration. 

The tendency for normal patients examined with C.A. cisternography to 
have a continuous increase of the attenuation within the lateral ven
trieles during the first 24 h might possibly be due to the fact that 
iodine is secreted from the choroid plexus into the lateral ventricles 
or less likely to simple diffusion of a contrast medium into the ven
trieles. Although our results clearly demonstrate a correlation be
tween the morphological changes observed at C.A.T. and the changes of 
the CSF dynamics observed by cisternography, yet no single sign or 
symptom nor any combination of signs have been found allowing a reli
able differential diagnosis between cerebral atrophy and hydrocephalus. 
However, patients with a generalised widening of the sulci over the 
convexities, with or without dilatation of the lateral ventricles, tend 
to have anormal CSF circulation and patients with dilated ventricles 
having no or only few dilated sulci over the convexity, dilatation of 
the CSF pathways such as the interhemispheric and Sylvian fissures as 
weil as of the parietal sulci tend to have a pathological CSF circula
tion and an intraventricular uptake at cisternography. 

Conclusions 

1. C.A. cisternography is a useful tool in the investigation of CSF 
dynamies. 

2. Its high resolution has afforded new information on normal physiol
ogy and abnormal CSF circulation. Retrograde filling of the fourth ven
triele is anormal finding. 

3. A functional disturbance observed at cisternography may be correlated 
to anatomical observations of importance in the diagnosis of hydro
cephalus and cerebra 1 atrophy. 
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Fig. 1. C.A. cisternography. Normal case 3 h after intrathecal injection of metri
zamide. Filling is obtained of fourth ventricle, basal cisterns and subarachnoid 
space around the cerebellum. Contrast medium begins to appear in Sylvian and inter
hemispheric fissures 

Fig. 2. Same case 12 h after injection. Contrast medium has reached the sulci of 
cerebral hemispheres 

Fig. 3. Patient with communicating hydrocephalus showing persistent intraventricular 
uptake. Lateral ventricles difficult to observe in right hand picture taken 12 h 
after injection due to remaining contrast medium; a rim around the ventricles shows 
contrast enhancement possibly due to leakage into subependymal tissue 
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Fig. 4. Mean attenuation changes with time within the lateral ventricles at C.A. 
cisternography in three groups of patients. Upper curve refers to patients shown 
to have a persistent intraventricular uptake at isotope cisternography, middle curve 
to those with a transient uptake and bottom curve to those with anormal CSF circula
tion 



The Clinical Significance of "Cerebral Atrophy" as Shown 
byC.A.T. 
L. E. Claveria, I. F. Moseley*, and 1. F. Stevenson** 

Before the development of C.A.T., the only reliable way of demonstrat
ing atrophie changes in the brain during life was by pneumoencephalo
graphy. From the early days of the use of this proeedure, measurements 
have been made of the size of the ventrieles (4), although there has 
been considerable diseussion as to their validity (2). Even more dif
fieulty has been eneountered in the establishment of normal values for 
the size of the eerebral sulci, partieularly in their relationship to 
elinieal evidence of dementia (1, 3, 9, 11, 13); such correlation has 
been disappointing. One of the disadvantages has been the difficulty 
in filling the sulei in some patients without other evidence of eon
vexity block, although some workers have suggested that this may re
present a pathological rather than a teehnieal feature (10). 

With C.A.T. the morphology of the brain and its pathological modifiea
tions ean be displayed, without any disturbance, as never before. Thus, 
it has been possible to show the eerebral sulei, the subaraehnoid space 
around them and the ventrieles in the 'natural' state; there is eon
siderable evidence (17) that pneumoencephalography itself may cause 
signifieant alterations in e.g., ventricular size, and even (16) in 
the appearanee of the sulei. This unpreeedented ability to see with 
C.A.T. the cerebral structures may have led to an over-willingness to 
diagnose atrophie changes on the basis of clear visibility of the 
sulci when the brain was in fact normal. Thus, of the first 5000 C.A.T. 
examinations performed at the National Hospital, Queen Square, 85% 
were thought to be abnormal, of whieh 22% were regarded as showing 
eerebral atrophy. 

Since the use of C.A.T. does provide such an exeellent opportunity for 
the demonstration of normal and pathologieal anatomy, it was thought 
essential to attempt to eorrelate the appearanees seen at C.A.T. with 
the results of psyehometry and the elinieal state of the patients.· 

Material and Methods 

Eighty-one patients originally diagnosed on the basis of the C.A.T. as 
having eerebral atrophy were reviewed. Eaeh had been examined with the 
EMI 160 matrix Scanner, and had had full psychometrie assessment. The 
scans were eompared with an arbitrarily graded set of standard C.A.T. 
studies showing the interhemispheric fissure, Sylvian fissure, basal 
eisterns and sulei and ranging from normal (Grade 0) to marked enlarge
ment (Grade 4). The ventricular size was also measured, Evans' ratio 
(5) being ealeulated (i.e., the maximum diameter of the frontal horns 
of the lateral ventrieles divided by the maximum transverse diameter 
of the skull, measured from inner table to inner table). In addition, 

*Lysholm Department of Radiology and 
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a Total Score was calculated, comprising the individual scores of the 
fissures, eisterns and sulci, this was then also graded as 0 to 4. 

The scores for each of the structures assessed and the ventricular 
size were then correlated with the psychometrie assessment (also graded 
o to 4 in ascending degrees of higher function loss) for the whole 
group, for patients presenting specifically with dementia as the ini
tial symptom, for those with a long history (5 years or more) or slow 
onset of symptoms, and for patients whose ventricles were considered 
to be dilated (i.e., with an Evans' ratio of more than 0.30). Ventri
cular size and psychometry were also correlated. 

Results 

The results, analysed as indicated above, are shown in Figures 1-3. 
Although they appear to show a rough correlation between the signs of 
cortical atrophy and psychometrie assessment, these are not statis
tically significant, owing to a wide scatter of values. Thus, for ex
ample, there were 23 patients of dementia grades 2, 3 or 4 with only 
minimally enlarged sulci (Grades 0 or 1), while 3 patients with ob
viously enlarged sulci (Grades 3 or 4) with little or no dementia 
(Grades 0 or 1). The correlation with the other atrophie features was 
no closer, and on Total Score 20 patients with grades 2 or 3 atrophy 
were normal on examination (16) or grade 1 demented (4). Grade 4 Total 
Score was, however, associated with marked intellectual impairment 
(2 Grade 3, 1 Grade 4). 

Scatter about the 'ideal' (grade-for-grade) correlation was generally 
even, (31 above the line, 39 below; 1 : 1.3) for the whole group, and 
for the various subgroups, e.g. slow onset, with two notable exceptions: 
in patients with a long history, the atrophie signs were more marked 
than the degree of dementia (9 above the line, 14 below; 1 : 1.6) and 
in those with enlarged ventrieles (Evans' ratio more than 0.3), the 
eortieal atrophie signs were slight relative to the degree of dementia 
(16 above the line, 3 below; 5.3 : 1). 

Discusaion 

It is elear that any study in whieh an attempt is made to seek a clin
ieal eorrelation with alterations in normal struetures which are not 
known apriori to be of pathological significance should include a con
trol series. For both practical and ethical reasons it has not been 
possible for us to form such aseries of 'normal' volunteers. A single 
such se ries has been reported (7, 8) as showing a slight but insignif
icant increase in the size of the sulci with age (from a mean diameter 
of 2.9 mm in the third decade to 4.3 mm in the seventh decade), and no 
significant change in Evans' ratio (0.27 and 0.28 respectively). 

Our attempts to correlate mental function and C.A.T. appearances of 
cortical atrophy have been disappointing. Although there is in several 
instanees a rough correlation between intelleetual defieit and speeifie 
signs or total score, the level of signifieanee achieved is low and 
there is suffieient individual variation as to render C.A.T. demonstra
tion of atrophy of little use as a clinical parameter. Thus, aperfect, 
i.e. grade-for-grade eorrelation was present as follows: Sylvian fis
sure enlargement: 23%; interhemispheric fissure enlargement: 21%; basal 
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eistern size: 17%i cerebral sulci 20%. This last figure is particularly 
salutory. 

Grade-for-grade correlations were even less good between total C.A.T. 
score in the groups presenting with dementia (14%, with a long history 
(12%), or with a slow onset of symptoms (11%). 

The better correlation with ventricular size bears out the conclusions 
of earlier workers, using pneumoencephalography (14). 

The inconstant relationship between cognitive function and brain mor
phology as shown by C.A.T. is of course similar to that encountered 
by other workers using techniques which are less reliable e.g., pneu
moencephalography, or less physiologieal, e.g., necropsy. 

Dementia is a difficult problem to approach clinicallYi although it is 
often clear even to an untrained observer that the patient is demented, 
dementia as a symptom or sign is protean in its manifestations. C.A.T. 
undoubtedly represents a very reliable screening procedure for the de
tection of structural lesions which declare themselves as dementia. 
But such lesions or recognised biochemical disorders together can be 
incriminated in only 15% of cases presenting in this way (12). In the 
large majority, therefore, a presumptive diagnosis of cerebral atrophy 
secondary to some 'degenerative process' will be made. Our results sug
gest that in the absence of a structural lesion, C.A.T. appearances 
are almost irrelevant to this diagnosis. 

GAWLER (6) reviewed aseries of patients seen at the National Hospital, 
Queen Square with a referring diagnosis of dementia. Five percent were 
shown to have no structural abnormality whotsoever (including mani
festations of cerebral atrophy) on C.A.T.i of these, 46% showed pro
found deficits on psychometry. Conversely, less than 70% of the whole 
series had any C.A.T. evidence of atrophie changes. The results from 
this series, which in contrast to our own, had been approached primari
ly from the clinical viewpoint, were nevertheless largely in agreement 
with those of the present study. It is also noteworthy that Gawler's 
series and our own coincide very closely as to the frequency of the 
various final clinicopathological diagnoses. 

Thus, the bipartite enigma of why intellectual functions are well pre
served in patients having radiologically or pathologically demonstrated 
cerebral atrophy while other profoundly demen ted patients appear to 
have morphologically normal brains, both at the gross and microscopic 
level (3), remains. Pathophysiologically, the existence of the latter 
group is less surprising, but it is the patients of the former group 
who are disclosed by C.A.T. 

In this paper it has been possible only to deal superficially both with 
the atrophie changes shown at C.A.T. and with the psychometrie assess
ment. Further analysis may reveal unexpectedly significant findings. 
In passing, it must be noted that marked enlargement of cerebral sulci 
or the ventricles appears to occur with increased frequency in system 
degenerations such as Parkinsonism, Huntingdon's chorea and motor neu
rone disease as well as in idiopathic epilepsy (15) migraine and a 
number of other conditions. 
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Conclusions 

C.A.T. permits easy demonstration of the cerebral ventricles and such 
structures whose enlargement has been thought to indicate, clinically 
significant cerebra 1 atrophy, such as the fissures and sulci. It has 
not been possible to demonstrate other than a very approximate correla
tion of these atrophie changes with psychometrie assessment. 

We would thus emphasise that cerebral atrophy is a strictly morpholog
ical observation and that to accept its C.A.T. demonstration as indicat
ing a significant clinical state would be to render a dis service to 
many patients. 
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Ventricular size-Evans' ratio (mean) 

Fig. 3. Relationship of psychometry to 
ventricular size. Upper limit of normal for 
Evans' ratio: 0.30 



Computerised Axial Tomography and Dementia in the Elderly 
M. A. Roberts*, F. I. Caird*, 1. L. Steven**, and K. w. Grossart** 

Two separate studies have been carried out. In the first, measurements 
of the ventricular size and sulcal size in the computerised tomograms 
were compared with the appearances in the pneumoencephalograms of the 
same patients. In the second study the measurements of the ventricular 
size and sulcal size obtained from the computerised tomograms were used 
to assess the degree of atrophy, in a group of elderly patients, and 
the relationship between the degree of atrophy and intellectual per
formance wasthen investigated. 

In the first study (8), ventricular size was assessed from the ence
phalogram by three methods. Firstly, an assessment was made independent
ly by two experienced neuroradiologists who noted the size as normal, 
or slightly, moderately, or grossly dilated, scoring these respectively 
0, 1,2, and 3. The sum of these two radiologists' scores was termed 
the 'ventricular score'. Secondly, the width in millimetres of the 
lateral recesses of the cellae mediae of the ventricles was measured 
in a supine antero-posterior view and this was termed the 'ventricular 
span' (1, 2, 3). Thirdly, the maximum width of the third ventricle, 
the width of the lateral ventricles, the height of the lateral ven
trieles were measured, and termed the 'cornbined ventricular atrophy' 
(5). This was graded as absent, slight, moderate or severe. These 
measurements were made in 67 patients aged 18 to 64 years all of whom 
had both computerised tomograms and pneumoencephalograms during the 
same admission. 

From the computerised tomograms ventricular size was taken from the 
80 x 80 matrix digital print-out of the slice which showed the largest 
area of ventricle. The area representing ventricle was assumed to con
sist of all the cells of the matrix with a density of 9 units or less 
and this was measured by planimetry. The total area in cm2 was termed 
the 'maximum ventricular area'. 

The size of the cortical sulci was assessed from the encephalogram in 
two ways. Fir~tly, the two neuroradiologists graded the sulci as normal 
(0), showing focal dilatation (1), or general dilatation (2), and the 
two scores together made up the 'sulcal score'. Secondly according to 
the scheme of NEILSEN et al. (6), cortical atrophy was graded as ab
sent, slight, moderate, or severe. From the computerised tomogram the 
degree of sulcal widening was measured from the 80 x 80 print-out of 
one of the higher slices which showed cortex but not ventricle. Two 
measurements were made; the total nurnber of low density cells of 9 
units or less, and the apparent maximum width in low density cells of 
the widest sulcus. 

The results of this study are fully reported by ROBERTS et al. (8). 
There was agreement between the three methods of measuring ventricular 
size on the pneumoencephalogram, and there was also a clear general 
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relationship between the maximum ventricular area on the computerised 
tomogram and the ventricular score and also with the combined ventri
cular atrophy in the air study. We consider it reasonable to regard 
a maximum ventricular area of less than 10 cm 2 as normal, between 10 
and 14 as showing slight dilatation, between 14 and 18 moderate dilata
tion, and greater than 18 as severe dilatation. We also found a highly 
significant relationship between the ventricular span on the pneumo
encephalogram and the maximum ventricular area on the computerised 
tomogram. There is an acceptable level of agreement between the sulcal 
score and cortical atrophy in the pneumoencephalogram. However, the 
relationship between sulcal width as measured in the scan, and the 
degree of cortical atrophy as determined in the pneumoencephalogram, 
is less clear, but normal sulci and gross degrees of cortical atrophy 
can be readily identified. The apparent width of the widest sulcus on 
the scan is well related to the presence of considerable degrees of 
cortical atrophy as shown on the pneumoencephalogram, but lesser de
grees are not so clearly shown. 

In the second study (7), these scan measurements were used to assess 
the degree of cerebral atrophy in 66 geriatrie patients, aged 62 to 90 
years, 59 of them women; 17 were mentally normal. Only those patients 
who showed no clinical evidence of focal cerebral disease(other than 
that of their mental state as specified below) were included. Their 
mental state was assessed clinically as follows: 1, normal, where there 
was no evidence of mental abnormality apart from minor degrees of im
pairment of memory; 2, mild impariment, where there was definite im
pairment of memory and of calculating ability; 3, moderate impairment, 
as for mild impairment, but also disorientation for time and/or place; 
4, severe impariment, as for moderate impairment but also difficulty 
with self-care, in particular with dressing; most could not walk un
aided and many were incontinent of urine. All 66 were scored by the 
Crichton Geriatrie Behavioural Rating Scale (9) and all but 5 by a 30-
point memory and information test similar to that of ROTH and HOPKINS 
( 10) . 

There was found to be a clear relationship between ventricular size 
and clinical assessment, although there was some overlap. It is inter
esting to note that even in the mentally normal the mean maximum ven
tricular area is 16 cm 2 as compared with the estimate we made of the 
upper limits of normal for younger subjects of 10 cm 2 or less. There 
was a statistically significant correlation between ventricular size 
and behavioral score and also between ventricular size and the memory 
and information test score. There was no clear relation between the 
severity of intellectual impairment and either the number of low den
sity cells in the cortical slice or the width of the widest cortical 
sulcus. 

Among the conclusions to be drawn from the studies are, firstly, that 
slight but definite ventricular enlargement is usual in the normal 
elderly, but it remains uncertain at what age this process becomes 
apparent. Secondly, that in the elderly patient without clinically ob
vious cerebrovascular disease or infarction there is a broad correla
tion between the degree of ventricular dilatation and the degree of 
intellectual impairment. Therefore, as suggested by HUCKMAN et al. (4), 
if there is a marked degree of intellectual impairment and only little 
or no ventricular dilatation, further consideration of the diagnosis 
is indicated. Conversely, if ventricular dilatation is greater than 
expected from the degree of intellectual impairment, obstructive or 
normal pressure hydrocephalus must be excluded. Thirdly, it would seem 
that the maximum ventricular area provides an adequate measure of ven
tricular size on computerised tomography. Lastly, we consider that the 
lack of clear relationship between mental state and evidence of cortical 
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atrophy on the scan may be due either to the inadequacies of measure
ment of widening, or the lack of any true relation in old age. 

References 

1. BRUIJN, G.W.: Pneumo-encephalography in the Diagnosis of Cerebral 
Atrophy. Utrecht: Smits 1959. 

2. BURHENNE, H.J., DAVIES, H.: The ventricular span in cerebral pneumo
encephalography. American Journal of Roentgenology, Radiotherapy 
and Nuclear Medicine 90, 1176-1184 (1963). 

3. ENGESET, A., SKRAASTAD, E.: Methods of measurements in encephalo
graphy. Neurology (Minn.) 11, 381-385 (1964). 

4. HUCKMAN, M.S., FOX, J., TOPEL, J.: The validity of criteria for 
the evaluation of cerebral atrophy by computed tomography. Radiology 
ill, 85-92 (1975). 

5. NEILSEN, R., PETERSEN, 0., THYGESEN, T., WILLANGER, R.: Encephalo
graphie ventricular atrophy. Acta Radiol. (Diagnosis) 4, 240-256 
(1966a). -

6. NEILSEN, R., PETERSEN, 0., THYGESEN, T., WILLANGER, R.: Encephalo
graphie cortical atrophy. Acta Radiol. (Diagnosis) 4, 437-448 
(1966b). -

7. ROBERTS, M.A., CAIRD, F.I.: Computerised tomography and intellectual 
impairment in the elderly. Journal of Neurology, Neurosurgery and 
Psychiatry (To be published October 1976). 

8. ROBERTS, M.A., CAIRD, F.I., GROSSART, K.W., STEVEN, J.L.: Computer
ised tomography in the diagnosis of cerebral atrophy. Journal of 
Neurology, Neurosurgery and Psychiatry (To be published September 
1976) . 

9. ROBINSON, R.A.: Some problems of clinical trials in elderly poeple. 
Gerontologia Clinica 3, 247-257 (1961). 

10. ROTH, M., HOPKINS, B.A.: Psychological test performance in patients 
over 60. Part 1: Senile psychosis and the affective disorders of 
old age. Journal of Mental Science 99, 439-450 (1953). 

For relevant tables, graphs, illustrations and a fuller list of ref
erences, see papers by ROBERTS et al. (7 and 8). 



Vascular Conditions 

The Use of C.A.T. in Cerebra! Infarction 
M.1. G. Harrison* 

It is the intention of this brief paper to discuss the major clinical 
problems facing the neurologist in the management of patients suffering 
from cerebral infarctioni to indicate the questions that have to be 
asked in each case, and to suggest where the C.A.T. scan is and can be 
helpful. 

Differential Diagnosis 

Patients who sustain an acute hemiplegia or other focal deficit re
presenting loss of function in a vascular territory will usually have 
suffered a cerebral infarct. The differential diagnosis however includes 
cerebral haemorrhage, tumours and subdural haematoma (10). 

Cerebral haemorrhage can be reliably detected by the C.A.T. scan as 
an area of high tissue density (9) the scans proving positive immediate
ly. Evidence of ventricular compression or shift (mass effect) will 
be present in the great majority (perhaps 75%). Blood will be visible 
within the ventricular system in some cases. The detailed findings in 
cerebral haemorrhage are discussed by MULLER (6). It is perhaps worth 
noting, however, that the ability of the C.A.T. scan to detect small 
haematomas has revealed that even some patients with transient neuro
logical deficit have in fact had an extravasation of blood rather than 
an ischaemic lesion. This may alter our management of such minor epi
sodes which are often assumed to be ischaemic and for which anticoagula
tion has therefore been considered. 

The distinction between cerebral infarction and brain tumour is more 
difficult. As up to 5% of patients with an acute hemiplegia may prove 
to have a tumour (13), the possibility must be considered, and the 
differentiation is of pratical importance. Infarction causes an area 
of low density in C.A.T. scans within a vascular territory. If the area 
is large but there is no evidence of a mass effect, infarction is more 
likely than a tumour. The presence of a dilated ventricle on the side 
of the area of low density if the patient is scanned for the first time 
a few weeks after the onset of the hemiplegia is also much in favour 
of an infarct (Fig. 1). Other features which may prove helpful concern 
the characteristics of the associated oedema and of the enhancement 
that may follow the injection of Conray. Oedema may accompany tumours 
and infarcts and both may cause midline shift and evidence of mass ef
fect (7). The oedema that accompanies a tumour may show a particular 
digital pattern since it follows the confines of the hemisphere white 
matter (Fig. 2). Infarct oedema does not appear to behave in this way. 
The mass effect of oedema around an infarct resolves after 2 to 3 weeks, 
so persistence of such a mass effect beyond this interval would favour 
a tumour. 

*Th2 Middlesex Hospital, London. 
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Enhancement of the area of low density by the injection of Conray can 
occur with either tumours or infarct (50%). Enhancement, however, does 
not appear to occur in the first 48 h of an infarct, so its presence 
on the day of onset of a hemiplegia would raise suspicions of a tumour. 
This is similar to the suspicion oftumour raised by the early positive 
isotope brain scan after hemiplegia. Enhancement of the low density 
area on a C.A.T. scan more than 6 weeks after the onset of a hemiplegia 
would also be more likely to indicate a tumour since the enhancement 
accompanying an infarct appears short-lived. A halo of low density 
astride a ring of enhancement may be an indication of a tumour. 

As these remarks make clear, it may require aperiod of follow-up with 
serial scanning before the distinction between cerebral infarct and 
tumour can be made. This is the same situation as obtains with electro
encephalography and isotopic encephalography. The management situation 
may require the question to be answered in a shorter time course, in 
which case angiography may be needed. 

A subdural haematoma may occasionally present a problem in the diagnosis 
of the cause of a hemiparesis. The C.A.T. scan diagnosis is not always 
simple. The classical change would be of a peripheral crescent of low 
density (Fig. 3), but the only clue to the presence of a subdural haem
atoma may be of a mass effect without a hemisphere abnormality. 

Vascular Territory 

It is frequently important to know the territory of an infarct and ac
curate information which is now available from the C.A.T. scan can be 
of help in making an aetiological diagnosis and in planning treatment. 
If a patient makes a full recovery from a thromboembolic infarct the 
question may arise as to whether vascular surgery would be contemplated 
if there is a stenosis or atheromatous ulcer on the extracranial vessel 
feeding the territory of the recent infarct. The correlation of symp
toms and extracranial atheromatous changes is at best only 65% (1). 
The ability to show whether an infarct is in the internal carotid ter
ritory (anterior cerebral arterYi middle cerebral artery) (Fig. 1) or 
that of the posterior cerebral artery (vertebrobasilar supply( (Fig. 
4) can therefore be crucial to planning angiographic studies and inter
preting the significance of abnormalities found in extracranial vessels. 

Aetiology 

Cerebral infarction may occur in watershed territories in the context 
of a hypotensive crisis for example after cardiac arrest. The demon
stration by C.A.T. of an infarct in such a border zone (Fig. 5) may 
therefore give a clue to the haemodynamic nature of the causative event 
(11). If an infarct is shown to be in the territory of, say, the middle 
cerebral artery including a wedge of cortex, it is much more likely 
that local occlusion of the internal carotid, middle cerebra I artery 
or one of its branches has occurred directing attention to the possi
bility of local atheromatous disease of the ipsilateral carotid artery 
as a cause for the event. Cardiac embolism might be considered more 
likely when a haemorrhagic infarct is seen in which areas of high den
sity reflect the presence of petechial haemorrhages in an ischaemic low 
density areas (Fig. 6). Small, deeply placed areas of low density in 
the putamen, and near the internal capsule, are more likely to represent 
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the effects of hypertensive small vessel disease although I am not 
aware of any clinicopathological confirmation that recent lacunes as 
described by FISHER (4) have been recognisable on the C.A.T. The de
tection of small deep lacunar infarcts is an important goal, however, 
since their correct management involves control of the arterial pres
sure without the necessity to carry out angiography, and with no in
dication for anticoagulants. 

Prognosis 

The distinction of small hypertensive lacunes and haemorrhagic embolic 
infarctions would carry prognostic significance. The nature and extent 
of Conray enhancement of a cerebral infarct on C.A.T. may also have 
prognostic importance since it may reflect the presence of the pheno
menon of luxury perfusion at the border of the damaged area, and this 
in turn has been thought to imply a better prognosis. 

Pathophysiology 

The contrast between the effectiveness of dexamethasone in the treat
ment of patients with cerebral tumours and the disappointing results 
in stroke victims has been clear for some years now (8). The C.A.T. 
scan is, I believe, helping to explain the difference. The oedema which 
accompanies a tumour can be seen on C.A.T. evidence to occupy the ana
tomical white matter corresponding to the variety of oedema thought 
to be vasogenic in origin (5) (i.e. due to a disturbance of the blood
brain barrier (B.B.B.) with spread of extravasated plasma constituents 
through the white matter). Serial scans in patients with infarcts show 
that the oedema never follows the same distribution, is more diffuse, 
and includes the grey matter. The oedema is visible within the first 
few hours in some cases whilst enhancement with Conray indicating a 
disordered B.B.B. is delayed (48 h). The implication of this evidence 
is that the early infarct oedema is cytotoxic rather than vasogenic 
(5). It is this fundamental pathological difference that I believe may 
underly the failure of dexamethasone to make a clear-cut difference to 
the mortality and morbidity of cerebral infarction despite the clear
cut role of oedema in the fatality of some infarcts (12). 

Long-term Follow-up 

Dilatation of the ipsilateral ventricle occurs in 85% of cases as a 
hemisphere infarct resolves, and AMBROSE (9) found that some cases 
showed symmetrical dilatation of the ventricular system. The signif
icance of these changes to the development of multi-infarct dementia 
is as yet unknown. It will be of great interest to follow patients 
with cerebrovascular disease combining neuropsychological testing, 
C.A.T. scanning for evidence of ventricular size and multiple infarcts, 
and cerebral blood flow and metabolic studies. There are many other 
exciting possibilities for research. Most importantly, the epidemiolog
ical study of cerebrovascular disease can now be put on a secure foot
ing. Hitherto it has been impossible in population studies to know 
whether cerebral haemorrhage and cerebral infarction were being con
fused. C.A.T. control of data such as that obtained in Framingham is 
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now areal possibility. There is evidence of a reduced risk for recur
rent stroke with the treatment of hypertension (3), but we need to 
know for certain whether this is due to a change in the risk of re
currence of cerebral infarction or only of haemorrhage. 

Finally, attempts at therapy such as treatment of oedema need the sep
aration of cerebral haemorrhage from infarction that the C.A.T. scan 
can provide, and it would now be possible to carry out a controlled 
trial of an antioedema regime in just those infarcts that show the 
presence of oedema. A small significant benefit may have been lost in 
the groups of patients studied so far, due to the heterogeneity of 
the case material. 

Though everybody has his own reason for being excited by the advent of 
C.A.T., a case can be made out that it is in cerebrovascular disease 
that its impact will be most impressive. 
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Fig. 1. Infarct in right middle 
cerebral artery of territory 
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Fig. 2. Metastasis with right hemis
phere oedema 

Fig. 3. Left-sided subdural haema
toma 
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Fig. 4. Infarct in territory of 
right posterior cerebral artery 

Fig. 5. Watershed infarct (in 
territory of middle cerebral ar
tery - posterior cerebral ar
tery) 

Fig. 6. Haemorrhagic infarct 



C.A.T. Studies of Cerebra! Ischaemia 
P. Constant, A. M. Renou, J. M. Caille*, and J. Vemhiet 

For many years, investigation of cerebral ischaemia was possible only 
by means of angiography and scintigraphy. At the present time, however, 
to the investigation of the vascular component C.A.T. adds the direct 
visualisation of the cerebral parenchyma itself. Its innocuous nature 
makes it possible to follow the evolution of alesion by repeated ex
aminations. Our study compares the performances and respective applica
tions of C.A.T. angiography. scintigraphy, and measurement of regional 
cerebral blood flow (rC.B.F.) in cerebral ischaemia. 

Material and Methods 

One hundred and fifty-eight patients were examined: 62 were females 
and 96 males. The age distribution of these patients is shown in Table 
1. 

Two hundred and eighty-seven C.A.T. studies were performed according 
to a time schedule shown in Table 2. 

Table 1. Age (years) 

:S 20 21-40 41-50 51-60 61-70 2 70 

3 9 21 34 48 43 

Table 2. Two hundred and eighty-seven C.A.T. examinations 

1st week 2nd week 3rd week 4th week 2nd month >2 months 

46 41 39 35 59 67 

The number of C.A.T. studies varied from 1 to 10 per patient. 

The C.A.T.s were performed with an Acta Scanner equipped with a 160 x 

160 matrix. Slices were 7.5 mm thick, 3 mm apart. The slice plane was 
usually at 200 to the orbitomeatal plane. 

In 105 patients, C.A.T. was repeated after injection of 2 ml per kg 
body weight of iodinated contrast medium (38%). 

The number and topography of lesions and their effects on nearby struc
tures were essessed. 

*Service de Neuro-Radiologie, Centre Jean Abadie, Bordeaux. 
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The density values of these lesions were measured in Acta numbers which 
were related to the time relative to onset of symptoms for the patients 
taken as a whole and also divided into four clinical groups defined 
according to evolution: 

1. Transient ischaemic attacks 
2. Rapidly regressing attacks 
3. Serious infarcts with clinical improvement 
4. Serious infarcts without clinical improvement 

The detection of these lesions and exact determination of their size 
is subject to certain limits, due essentially to: 

1. Dense or light arte facts in the posterior fossa, the temporal 
fossae and the skull base 

2. The partial volume effect 
3. The volume of the lesion itself 
4. Difficulties in reproducing the same slice from one examination 

to another in the same patient 
5. The effects of the anti-oedema treatment 

C.A.T. results were compared with those of angiography, scintigraphy 
and in some cases measurement of rC.B.F. 

One hundred and ten patients underwent angiography, but only 70 of 
these examinations could be studied usefully: 

30% were performed from the 1st to the 7th day 
22% from the 8th to the 15th day 
21% from the 16th to the 30th day 

9% from the 31st to the 60th day 
10% beyond that time 

We looked for morphological and dynamic signs of circulatory arrest or 
slowing in the proximal or distal arteries (vascular holdup, a vascular 
area, delayed arterial filling, persisting arterial opacification, ab
sence of localised venous drainage) and signs of functional changes 
(arterial opacification by anastomotic pathways, capillary blush, early 
venous drainage). Degree of atheroma of the blood vessels supplying 
the head was also assessed. 

One hundred and thirty-one static isotope scans were performed as fol
lows: 

23 from the 1st to the 7th day 
73 from the 8th to the 30th day 
12 from the 31st to the 60th day 
23 beyond the 60th day. 

Only seven angioscintigraphies were carried out. 

rC.B.F. was measured in 18 patients: 

10 were measured once 
7 were measured twice, a fortnight apart 
1 was measured 3 times. 

We looked for any increase or decrease in diffuse or regional blood 
flow. In five cases we tested vasoreactivity by administering Alfatesin. 
Autoregulation was not tested. 
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Results and Discussion 

Low-Density Lesions 

The average densities of all the lesions examined on the same day are 
shown in Figure 1. The histogram would seem to correlate satisfactorily 
with the anatomical evolution of the infarcted tissue. 

There were no changes in the C.A.T. in the first few hours. Decrease 
in density is greatest during the 2nd week, showing the development 
of oedema linked with a progressively more marked liquefaction necrosis. 
Density increases slightly in the 3rd week because of regression of 
the oedema and progressive revascularisation of the infarcted area. 

The secondary decrease shown on the histogram represents the formation 
of the cystic resorption cavity in infarcts with permanent sequelae. 
The liquid in this cavity has the same attenuation coefficient as CSF. 

High-Density Lesions (8 Cases) 

These lesions, which were always the result of the presence of clotted 
blood, were always associated with low density areas, the two areas 
together representing a haemorrhagic infarct. The haemorrhagic suffu
sion was located only in the white matter, but the absence of haemor
rhagic lesions in the cortex was in fact a detection artefact. Blood 
was found in the ischaemic area from the 2nd to the 32nd day. The haem
orrhagic area rarely appeared in the first ten days. Maximum density 
was reached from the outset. It decreased progressively and disappeared 
in 1 or 2 weeks. These lesions were always secondary to embolic ob
structions. 

Number of Lesions 

Eighty-six patients had only one ischaemic lesion, while 36 patients 
had from 2 to 4 lesions. MUltiple lesions could be the result of either 
the same accident or different accidents. 

Topography 

Seventy-nine lesions were on the right and 70 on the left. There were 
only 3 in the posterior fossa, this small number being related to our 
criteria for selecting patients. There were 146 hemispheric lesions, 
8 rolandic, 52 frontal, 42 temporal, 67 parietal, 40 occipital, and 
17 were in the basal ganglia. (The largest lesions are listed under 
several headings). In 36 cases the infarct corresponded obviously to 
a known vascular distribution. 

Dimensions 

In 32 cases the lesions were extensive, and in 90 cases more localised. 
They ranged from 1 cm in diameter to those which occupied the whole 
hemisphere. 



230 

Mass Effect 

Mass effect was encountered in 32 cases and was shown by localised or 
diffuse compression of the ventricular wall, crushing of the cortical 
sulci and sometimes shift of the middle line. It disappeared progres
sively and was never found after the 3rd week. During the 2nd month, 
shrinkage of the infarcted area led to hornolateral traction of the 
nearby structures, with enlargement of the cortical sulci as the only 
remaining evidence of the infarct after several months. 

Diffuse Cortical Atrophy 

Atrophy was frequently found but was very pronounced in 5 cases. In 
61 cases there was bilateral and in 45 cases unilateral ventricular 
dolation - in the latter cases always on the same side as the infarct. 

Effects of the Injection of Iodinated Contrast Agent 

One hundred and five patients underwent contrast injection and in 27 
cases the infarcted area enhanced. The numerical values were correlated 
with the time factor (Fig. 2). This histogram shows a peak of intensity 
at the end of the 2nd week. Opacification disappeared progressively and 
was very rarely found after 2 months. The enhanced area was variously 
located: in 13 cases it was on the periphery and in 6 cases only at the 
centre. 

Infarct enhancement was connected with disturbances of the blood-brain 
barrier and the inflarnrnatory re action which increased circulatory flow. 
In rare cases it could have been linked to luxury perfusion or vascular 
necrosis, but only three haemorrhagic infarcts enhanced. 

Together with the general results for all ischaemic lesions we studied 
the C.A.T. data for each of the previously defined clinical groups in 
conjunction with the angiographic, scintigraphic and blood flow data. 

Transient Ischaemic Attacks 

There were 16 patients (10%) in this group, 10 fernales and 6 males, 
varying in age from 26 to 71. 

C.A.T. 

Eighteen C.A.T.s were performed from the 1st day to the end of the 
2nd year following the ictus. Sixteen of these were normal. In 2 cases 
there were low-density lesions corresponding to previous infarcts, un
related to the present accident. 

Scintigraphy 

All 7 static scintigraphies were normal. 
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Angiography 

Ten patients underwent angiography: two cases were normal, two cases 
had diffuse atheromatosis of the cerebral vessels, six cases had com
plete or nearly complete thrombosis of the internal carotid artery, 
which shows the great variation in clinical expression of this type of 
lesion. 

rC.B.F. 

Only one patient underwent measurement of rC.B.F., which was normal. 
(Certain authors have however found persistant focal disturbances over 
several months) . 

Overall, the C.A.T. and scintigraphic investigations were normal in 
transient ischaemic attacks. They would seem to be indicated only as 
means of detecting a different pathological process. 

On the other hand, angiography combined with rC.B.F. is certainly in
dicated. These should be done as soon as possible, so as to show up 
changes connected with the ictus and the lesion responsible, which 
might need surgical treatment. 

Rapidly Regressing Infarcts 

This group contained 25 patients (16%) of whom 7 were female and 18 
male, aged from 35 to 78. 

C.A.T. 

C.A.T. was normal in 8 cases: in 1 case it was performed on the 1st 
day and in 4 cases after the 3rd week. 

C.A.T. was abnormal in 17 cases. The average density of the lesions 
assessed the same day and correlated with the time factor is given in 
Figure 3, which shows a clear parallel between rapid clinical improve
ment within the fornight and regression of the lesions. 

Scintigraphy 

In 17 cases scintigraphy was done, and in 3 cases was positive, on 
the 2nd, 7th and 43rd days. In 14 cases it was negative, even during 
the 2nd week. 

Angiography 

Thirteen patients underwent angiography: 31% of cases were normal; 
76% were pathological, showing one or several infarcts. 

rC.B.F. 

Six patients were examined once or several times. In one case the re
sult was normal, but the examination was done 6 months after the ictus. 
In five cases focal changes of blood flow directly related to the ictus 
were shown. 
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Static scintigraphy was an obvious failure with this type of accident. 
Even when it was positive, the lesions are always perfectly clear at 
C.A.T. 

Serious Infarcts with Clinical Improvement 

This group contains 66 patients (42%), 23 females and 42 males, aged 
from 34 to 84 years; 42 patients had at least one risk factor; 26 pa
tients had from 2 to 10 C.A.T.s. 

C.A.T. 

C.A.T. was normal only once (2%), when carried out on the 1st day. It 
was abnormal in 65 cases (98%). On the density histogram (Fig. 4), 
fluctuations related to the time factor accord with the general evolu
tion. Cystic resorption cavities are very large, showing the sequelae 
present in even these cases. 

Scintigraphy 

This was done in 60 cases, only 50% of which were abnormal. 

Ang.iography 

Of these examinations, 18% were normal, except for atheromatosis; 82% 
were abnormal, showing lesions affecting both the cerebral and carotid 
regions. 

rC.B.F. 

Twelve examinations were done, on seven patients. In all cases there 
were considerable disturbances connected with the ictus. In two cases 
there was complete recovery and in two cases considerable improvement. 

Scintigraphy is thus a failure with this group also. There is, however, 
very satisfactory correlation and reciprocity between angiography and 
C.S.T. 

Serious Infarcts without Clinical Improvement 

This group includes 51 patients (32%), 22 females and 29 males, aged 
from 14 to 84 years; 29 had serious risk factors, and 12 of them died 
between the 2nd and 81st day. 

C.A.T. 

Figure 5 shows the density evolution of these lesions, which are of 
very low density at all stages of the evolution. Oedema and necrosis 
are more marked in this group than in the preceeding ones. In four 
cases C.A.T. did not show parenchymatous lesions connected with the 
present ictus. In one case C.A.T. was carried out on the 1st day and 
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in three the lesion was very small, as the clinical findings had sug
gested. In six cases there was enhancement after contrast medium injec
tion, but there was no relation between the opacification and the grav
ity of the clinical picture. Three lesions were haemorrhagic. 

Scintigraphy 

Fifty static scintigraphies were carried out. Twenty-nine (58%) were 
abnormal and the C.A.T. data there were always closely concordant in 
topography with the C.A.T. Twenty-one (42%) were normal, but 15 of 
these were carried out after a fortnight. 

Angiography 

Twenty-six examinations were performed: 24 were abnormal (with, in 12 
cases, complete thrombosis of the internal carotid); 2 were normal, 
but in one of these a cerebellar infarct was confirmed. 

rC.B.F. 

This was measured twice in two cases. In each case the grey flow was 
so low that it had to be measured stochastically. At the second measure
ment the flow was unchanged in one case and even lower in the other. 

In general it is in this group that the most serious lesions were found. 
There were, however, a certain number of failures: 

1. With C.A.T. because of the small size of some lesions 
2. With angiography and scintigraphy because the examinations were 

not performed early enough 

Conclusion 

Scintigraphy is a partial failure in detecting ischaemic lesions. How
ever, C.A.T., angiography and rC.B.F. are weil adapted to these in
vestigations and, used together, allow accurate morphological and func
tional assessment of parenchymatous and vascular lesions. 

Comparison of density evolution in each of the four clinical groups 
shows a characteristic C.A.T. pattern for ischaemic cerebraliesions. 
The evolution in each group is parallel to the anatomical and clinical 
evolution. 

The peak of low density in the 2nd week is similarly important in 
groups 2, 3 and 4: not only is this peak related to oedema but the 
oedematous reaction is much the same in all groups. 

Within each group the density levels in the 1st week and beyond the 
30th day differ little. However the levels do vary from group to group, 
the sequelae being in general more serious when the lowest density 
level is reached quickly. 

The outline of each histogram is the result of 2 factors: (Fig. 6) 



1. Necrosis, variable in extent from patient to patient at the outset, 
with subsequent evolution towards cavitation and thus density similar 
to that of cerebrospinal fluid 

2. Oedema, showing a fairly stable peak of intensity in the 2nd week 
and disappearing totally before the 20th day 

It would thus seem that initial and more or less permanent neuronal 
damage is related to the extent of the infarct. If the patient survives, 
the medium-term prognosis can be established beyond the 20th day, other 
things being equal. 

Summary 

One hundred and fifty-eight patients with cerebral ischaemia were di
vided into four clinical groups and studied at C.A.T. The results were 
correlated with those of angiography, scintigraphy and regional cere
bral blood flow measurement. C.A.T. evolution was closely correlated 
with clinical and anatomical evolution. 
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Fig. 1. General evolution in density of brain infarcts 
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Fig. 3. Evolution in density of 
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Fig. 4. Evolution in density of serious infarcts with clinical improvement 
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lacksonian Epileptic Seizures as Inaugural Manifestations of 
Sylvian Infarctions Revealed by Computerised Axial 
Tomography (C.A.T.) 
H. Gastaut, G. Boudouresques, J.-L. Gastaut, and B. Michel* 

The existence of epileptic seizures in connection with cerebral arterial 
pathology was already known in the 19th century (FONTENEAU, 3; JACKSON, 
5; GOWERS, 4). Yet, for the past 30 years such an aetiology was pro
posed with great reluctance, apart from some cases where the relation 
to a cerebral vascular accident was evident, such as seizures accom
panying or appearing after a patent infarct or haemorrhage. 

Now, certain authors, including BAROLIN (1), and the School of Stras
bourg (2-6), insist once more on the relative frequency of epileptic 
seizures occurring during cerebral arterial pathology. 

It now seems useful to consider this problem making use of the informa
tion given by C.A.T., limiting ourselves for the time being to cases 
of cerebral infarction. 

Classically, we can distinguish three groups of epileptic seizures, 
according to the moment of their onset after a cerebral infarct: 

1. Seizures preceding the infarction, which are exceptional 
2. Seizures occurring sirnultaneously with the ischaemia 
3. Seizures appearing after the infarction 

Material and Results 

Out of a population of 942 adult epileptics examined with C.A.T. we 
observed in 17 patients without any prior history of cerebrovascular 
accidents, a Sylvian infarction responsible for a syndrome evolving 
in three phases: 

1. The initial episode is represented by one or several partial seizures 
with a Jacksonian progression, and in one-third of the cases by a 
Jacksonian status epilepticus. 

2. A post-ictal episode (which can be absent in some cases) is repre
sented during several hours or days by a focal deficiency syndrome with 
a corresponding delta focus on the EEG. 

3. Sequelae are observed in only one-third of the cases and are re
presented by the persistence of a neurological deficiency syndrome 
and/or Jacksonian seizures. 

The following five cases illustrate this syndrome. 

*Service de Neurophysiologie Clinique, Groupe Hospitalier de la Timone, Marseille. 



238 

Case 1 

A 30-year-old woman presented acutely on April 19, 1976, with somato
motor seizures of the right face and arm with Jacksonian extension and 
occuring in a repetitive manner. These seizures were followed by a 
post-ictal right hemiparesis which persisted for 36 h. The EEG showed 
slow abnormalities arising at the left centroparieto-occipital junction 
(Fig. 1). The C.A.T. performed on April 24 showed a left centroparietal 
infarct (Figs. 2a and b). A left carotid angiogram confirmed the exis
tence of a thrombosis of the cortical branches of the Sylvian artery 
in the motor area. A control C.A.T., 5 weeks later, was unchanged. At 
this time EEG was normal (Fig. 1) and the clinical state of the patient 
was entirely satisfactory. 

Case 2 

A 70-year-old man presented a somatomotor seizure affecting the right 
face and arm with Jacksonian extension, on June 18, 1976. After the 
seizure there was a post-ictal right hemiplegia and aphasia which re
gressed in 24 h. The EEG of June 20, 1976, showed marked slowing of 
the electrical activity of the left hemisphere. The C.A.T. of June 25, 
1976, revealed an infarction of the superficial and deep Sylvian re
gions of the left hemisphere in connection with a complete thrombosis 
of the internal carotid artery, as confirmed by angiography. 

Case 3 

A 66-year-old woman was admitted to the hospital on April 15 1976 be
cause of repeated somatomotor seizures affecting the right face and 
arm with Jacksonian extension. A post-ictal right hemiplegia regressed 
to a large extent in a few days. An EEG performed on the day of admis
sion to hospital allowed the recording of several seizures. In the fol
lowing days, some abnormalities of the left hemisphere persisted. The 
C.A.T. of April 28 1976 showed an infarct in the deep and posterior 
part of the left frontal lobe, extending to the cortical region. A 
left carotid angiogram was normal. The EEG and the clinical state re
turned rapidly to normal. 

Case 4 

A 47-year-old man presented on July 28 1973 with six partial somato
motor seizures affecting the left face and arm. The neurological exam
ination was normal, but the EEG showed irritative abnormalities of 
the fronto-Rolando-temporal region. Cerebral scintigraphy and a pneumo
encephalogram were normal, but the right carotid arteriogram revealed 
obliteration of the right Rolandic artery. With barbiturate treatment, 
the patient has presented no more seizures and his neurological state 
has remained completely normal. Two C.A.T.s performed respectively 
on October 22 1975 and July 26 1976 (Fig. 3a) showed a hypodense cortical 
area in the pre-Rolandic region representing a mature infarct. 

Case 5 

A 64-year-old woman presented in 1974 a left somatomotor seizure af
fecting the upper limb and face with Jacksonian extension and followed 
by secondary generalisation. A post-ictal hemiparesis was rapidly re
gressive. On May 13 1976, the patient presented a clonic seizure of 
the left upper limb, and on May 29 she presented a somatosensory 
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seizure (numbness and dysaesthesiae of the left superior limb). Neuro
logical examination revealed a right parietal lobe syndrome. The EEG 
showed some paroxysmal abnormalities in the right parietal area. The 
scintigraphy was normal, whereas the C.A.T. showed (Fig. 3b) marked 
sequelae of a right parieto-occipital ischaemia, most probably second
ary to an embolus of cardiac origin in the Sylvian territory. 

We will not describe the remaining 12 cases in detail, but remark only 
that they all follow exactly the same clinical course. 

Inaugural Jacksonian seizures as described above do not represent 
the only variety of epileptic seizure in connection with Sylvian ischa
emia. C.A.T. has enabled us to show that an isolated grand-mal seizure 
(or status epilepticus) can occasionally represent the inaugural mani
festation of a sylvian infarction. 

Similarly, we have seen cases of Jacksonian seizures or grand-mal sei
zures occurring months or years after an ictus, and in these cases 
the seizures mark the sequel and not the beginning of the infarction 
as revealed by C.A.T. 

Discussion 

We should like to emphasise the fact that in our work all the Jack
sonian somatomotor seizures described as initial manifestations of a 
cerebral vascular accident were due to a cerebral infarction and that 
in no case was a cerebral hemorrhage diagnosed. This is in agreement 
with the works of ROHMER et al. (6) which showed that epileptic seizures 
occurring simultaneously with a cerebromeningeal hemorrhage are always 
generalised and not partial. Thus it seems that as far as arterial 
pathology is concerned Jacksonian seizures can be considered synonymous 
with ischaemic processes. However, this is not the opinion of BAROLIN 
et al. (1) who consider that Jacksonian seizures can occur not only 
during infarction but also during hemorrhages. 

Secondly, only 3 out of our 17 patients presented status epilepticus 
whereas in the series of ROHMER et al. (6), 13 out of 21 patients pre
sented this condition. This difference in frequency most certainly 
explains the difference which existed in the evolution of the two series. 
In fact, 8 out of the 21 patients of ROHMER et al. (6) died be fore the 
15th day, but 6 of these patients presented a partial status epilepticus. 
On the other hand we had no fatalities in our series even among the 3 
patients having presented status epilepticus. This great difference in 
the evolution is in agreement with BAROLIN et al. (1) who feel that the 
onset of iso la ted epileptic seizures represent a good prognosis during 
cerebra 1 infarction (the possibility of survival being twice as high in 
these cases as compartedto cases where the patients have not presented 
epileptic seizures) . According to these same authors the prognosis is 
quite unfavorable in cases of status epilepticus, this being most prob
ably due to the aggravation of the cerebral ischaemic lesions due to 
the lasting electrical discharge of status epilepticus (1). 

The advantage of C.A.T. in demonstrating the ischaemic origin of epi
leptic seizures is certainly superior to that of cerebral arteriography. 
According to the results of the Strasbourg group, angiography gave ab
normal results in only 7 out of the 13 cases studied; this represents 
about 50% of the cases. According to BAROLIN et al (1) this percentage 
is only around 20%. C.A.T. is currently the only method allowing a 
visualisation of infarction in almost all cases and shows at the same 
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time the topography and extent of the lesions. This is not the case 
with angiography which shows only the topography and type of lesion 
of the corresponding artery (or arteries). Yet, we must not forget that 
in many cases angiography reveals no abnormality, whereas C.A.T. re
veals the infarcted region as a hypodense zone whose evolution can be 
studied by further examinations. 

In conclusion we would like to insist on the importance and autonomy 
of the syndrome we have described and on the role played by C.A.T. in 
this field. The interest of the isolation of such a syndrome is the
oretical as weIl as practical. In fact we have been able to show with 
C.A.T. the existence of 30 tumours and 5 post-traumatic scars, out of 
the 942 patients examined, in epileptics presenting partial Jacksonian 
seizures with an entirely different electroclinical pattern. Hence it 
appears from our study that 57.5% of Jacksonian seizures in adults are 
of tumoral origin, 9.5% are of traumatic o.rigin and 33% are due to 
Sylvian infarction. 

Such a large number of epileptic seizures of ischaemic origin had not 
been suspected until now, and it is one of the merits of C.A.T. to 
have brought to our attention their relative frequency. We must finally 
remark that in the presence of a Jacksonian seizure of the adult, be
sides a tumoral origin (which we must always fear) there may be a par
tial Sylvian infarction in one-third of the cases, often responsible 
for only moderate sequelae or even clinically and electrically tEEG) 
not perceptible. 
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Fig. 1. Case 1: EEG of April 20 1976 shows numerous slow abnormalities in the left 
hemisphere. EEG of April 24 1976; the abnormalities still persist. EEG of July 26 
1976; normal traeings 

a b 

Fig. 2a and b. Same patient: C.A.T. of the brain passing through the lateral ven
trieles and the eonvexity and showing a triangular hypodense image in the left pos
terior parietal region 
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a b 

Fig. 3. (a) Case 4. C.A.T. of the brain passing through the convexity and showing 
a hypodense area in the right prerolandic region. (b) Ca se 5. C.A.T. of brain passing 
through lateral ventricles and showing a hypodense area in the right superficial 
and deep parietal regions 



Vascular Diasease of the Visual Radiation and Cortex 
D. L. F. McAuley and R. w. R. Russell* 

Until the development of the EMI-Scanner, there has been no useful 
method for demonstrating in life the anatomical extent of infarction 
in the brain. The scanner has added a new dimension to the investiga
tion of such cases, and this is particularly true in lesions involving 
the occipital visual cortex where isolated lesions are common, this 
being the territory of the posterior cerebral artery. A unique oppor
tunity exists to attempt to confirm established anatomical correlates 
in view of the known details of retinotopic projection on the primary 
visual cortex. This paper describes a small series of 24 patients suf
fering from a variety of visual defects secondary to ischaemic lesions. 

Anatomy 

The primary visual cortex in man, Brodman's area 17, is small and is 
disposed almost entirely on the medial aspect of the occipital lobe, 
a small amount extending onto the posteromedial aspect of the occipital 
pole. The extent of the visual cortex is extremely variable, as is the 
symmetry. The central 8-100 of vision projects to the posterior pole, 
while the serial concentric zones of the retina from the macula to the 
periphery are represented from behind forwards above and below the 
calcarine fissure (2). Much of the cortex, particularly that repre
senting the horizontal octants, is buried within the calcarine fissure. 

The calcarine fissure runs upwards and forwards from the occipital 
pole so that the lowermost relevant slice of the computerised scan 
tends to show the macular cortex at the posterior pole, while the higher 
slices show the more anterior visual cortex, i.e. the more peripheral 
visual field. The higher slice would display cortex above the fissure 
representing the lower half field and vice versa. In the standard scan
ning procedure, approximately three slices cut through the visual cor
tex, the lowermost relevant slice including mainly the posterior pole. 

Ten adult human brains were cut in 13 mm slices in the normal operating 
plane of the scanner. Accepting all the limitations of correct angula
tion in sectioning the brain and other factors, the extent of the visual 
cortex was marked out in each slice. These slices approximate roughly 
to IB, IIA, IIB and lIlA of the usual EMI-Scan notation and were made 
parallel to the orbitomeatal line. The striate cortex regularly showed 
up in at least two slices and in one brain in as many as four. 

There is normally considerable variation in the anatomical features 
demonstrated in any one scan slice in different patients depending on 
the positioning of the patient, the shape of the patient's head and the 
centering heights above the orbitomeatal line. In the cadaver slices it 
was found that the major visual cortex representation occurs in the 

*The National Hospital, London. 
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slice which includes the pineal. When viewed from the medial aspect, 
it contains the longest part of the calcarine fissure. 

In the present series the scan slice most consistently involved is that 
in which the pineal is visualised and, as the scanner notation is ir
relevant, a system of using the pineal slice as the reference has been 
adopted, the slices below the pineal being P-1, P-2 etc., and those 
above P+1, P+2 and so on. The P-1 slice will therefore contain most of 
the macular area, while slice P some, mainly upper, macula and P+1 
little if any macula. From the original illustrations of BEEVOR (1), 
where the vascular sypply of the occipital pole was marked out in as
cending horizontal slices, the posterior cerebra 1 territory is known 
to be greatest lower down, and diminishes with higher cuts as the middle 
cerebral contribution increases. A watershed area between the posterior 
and middle cerebral arteries exists close to the occipital pole. 

Present Series 

The patients have been catergorized into four types of visual field 
defects (Table 1). All patients had cerebrovascular disease, migraine 
or cardiac emboli and had fixed field defects. 

Table 1. 

Quadrantanopia 

Upper 
M 64 
M 30 
M 

M 

F 

65 
66 

32 

Lower 
M 65 
M 65 

M 78 
F 66 

M 50 

M 61 

Hypertension, cerebrovascular disease 
Migraine 
Cerebrovascular disease 
Mitral stenosis, cardiac embolus 

Myocardial infarct, cardiac embolus 

Myocardial infarct, cardiac embolus 
Cerebrovascular disease 

Atrial fibrillation, cardiac embolus 
Hypertension, cerebrovascular disease 

Migraine 

Atrial fibrillation, cardiac embolus 

Complete Hemianopia 

F 74 Atrial fibrillation, cardiac embolus 
M 68 Cerebrovascular disease 
M 52 Hypertension, cerebrovascular disease 
M 55 Cerebrovascular disease 
M 63 Cerebrovascular disease 

Homonymous scotoma 

M 

F 

62 
57 

Hypertension, cerebrovascular disease 
Migraine 

Visual field defect Scan slices 
showing infarct 

R. 
R. 
R. 
R. Macular Sparing 

L. 

R. Mac. Sparing 
R. Mac. sparing 

R. P.Mac. sparing 
R. P.Mac. sparing 

L. Mac. sparing 

R. P.Mac sparing 

L. 
R. 
L. Mac. sparing 
L. Mac. sparing 
L. Mac. sparing 

L. Paracentral 
R. Upper quadrantic 

P-1, P 
P 
P-2, P-1, P 
P-1 (6. radia
tion) 
P-1, P, P+1 

P 

P+1 (0. radia
tion) 
P+1 
P+1, P+2 (also 
P+3 right) 
p+2 (0. radia
tion) (also P+1 
left) 
Nil (?? P+1) 

P-1, P, P+1, P+2 
P, P+1, P+2 
P-1, P, P+1, P+2 
Nil 
P-1, P, P+1 

Nil 
P-1 (0. radia
tion) 



Table 1. Continued 

M 65 Atrial fibrillation, cardiac embolus 

F 29 Migraine 

Bilateral defect 

M 57 Cerebrovascular disease 

F 67 Hypertension Migraine 

M 52 Hypertension, cerebrobascular disease 

F 57 Cerebrovascular disease 
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Visual field defect Scan slices 
showing infarct 

L. Inferior quad
rantic 
R. 

R & L imp. visual 
localisation 
Prosopagnosia, 
dyslexia, dysgraphia 
R & L visual agnosia 
agraphia, alexia, 
prosopagnosia 
R & L tunnel vision 

R & L inferior 
quadrantic Mac. 
sparing 

Nil (?? P+1) 
P, P+1 

(R) P-1, P, P+1 
(0. radiation) 

(L) p+1 
(R) P-1, P 

(L) P-1, P 
(R) P, P+1, P+2 
(L) P-1, P, P+1, 

p+2 
(R) P, P+1 
(L) P, P+1 

No attention has been paid to the details of the infarct evolution, 
most patients having been scanned only once as ne ar to the time of the 
campimetry as possible. 

Patients were scanned at various intervals, 20 days to 20 years after 
the onset of their lesion, and the standard 13 mm collimator was used 
with centring heights of 3.0, 5.5 and 8.0 cm above the orbitomeatal 
line. The criteria of infarct size were based on the limits of the low 
density area checked on the printout if necessary. An important normal 
variation which had to be considered when interpreting the scans was 
the size of the ventricular occipital horn. This extends a long way 
back into the occipital lobe, and, if it is asymmetrical or the patient 
is oblique, can lead to confusion with the low density area of the in
farct and make delineation difficult. 

Two patients had normal scans, 5 weeks and 5 months respectively after 
the onset of their lesions. Two others had equivocal scans. One of 
those with anormal scan surprisingly had a complete hemianopia while 
the other had a small homonymous central scotomatous defect. Of the 
two with equivocal low density occipital areas one patient had a small 
paracentral homonymous scotomatous defect while the other had a lower 
quadrantanopia with partial macular sparing. It is not surprising to 
find small scotomatous defects failing to show up on the scan, as this 
is clearly a question of size of lesion. However, it is more difficult 
to explain the normal scan with a major hemianopic defect. 

Conversely there were two patients who had unsuspected infarcts in the 
occipital area without a corresponding visual field defect. Both were 
small and restricted to one scan slice; one was very high in the P+3 
slice, and was very probably in the parastriate area (and therefore 
would not be expected to give rise to a visual field defect), while 
the other at the level of P+1 probably involved the posterior optic 
radiation rather than cortex. 

The series also shows that occipital infarcts causing isolated visual 
field defects involve more than just primary visual cortex as several 
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cases clearly involved the para- and even peri-striate areas, together 
with the posterior optic radiations. This is to be expected from the 
distribution of the posterior cerebral artery. 

Extent of Lesion 

The first general question to be answered is whether a complete hemi
anopia is associated with a more extensive lesion (appearing in more 
slices) than a quadrantic or scotomatous defect. This appears to be 
true if the number of involved slices in each group are counted. The 
complete hemianopia have a mean of 3.5 slices while the upper quadran
tanopias a mean of 2.0 and the lower of 1.2. 

Location of Infarcts 

Secondly, there was a difference in abnormal slices between those with 
an upper and those with a lower quadrantanopia. With an upper quadran
tanopia the lesion involved slice P and below in all 5 cases (with only 
one also involving the P+1 slice), whereas in lower quadrantanopias 
none involved slices lower than slice P. Superiorly placed lesions 
therefore tend to produce inferior field defects and vice versa. 

Macular Sparing 

Thirdly, it is relevant to look at those patients who had a hemianopia 
and macular sparing to see if this corresponded to survival of the 
posterior pole. Although macular sparing has been extensively debated 
in the past there is still doubt about the explanation. In the case 
of occipital infarcts the explanation normally invoked is that the 
anastomotic blood supply to the occipital pole from the middle cerebral 
artery is sufficient to allow the macular cortex and corresponding 
radiation to survive. 

Some of the patients in the present series who showed central sparing 
of 100 had scans indicating survival of the posterior pole, but this 
was not a regular finding. 

Quadrantanopias 

In all the lower quadrantic defects at least partial macular sparing 
occurred. The scan on such a patient shows a low density area on the 
P slice only, indicating that little of the macula should be involved. 

Scotomatous Defects 

Two patients showed scotomatous defects, but with normal scans. Both 
scotomas, although small, were paracentral, causing the prominent symp-
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toms in the patient. The lesions in these two cases were probably 
situated posteriorly in the macular area but are presumably smaller 
than the effective resolution of the scan, bearing in mind the possibly 
smaller alteration in X-ray attenuation. 

One unusual scotomatous upper quadrantic visual field defect did not 
involve the occipital cortex at all, but rather was a posterior tem
poral lesion. The visual field defect is presumably explained as a 
partial lesion of the radiation, but does not conform well with the 
accepted anatomy of the visual pathways. 

Bilateral Defects 

One patient developed sudden cortical blindness which subsequently 
resolved, leaving constant visual distortion of shape, inability to 
read, loss of ability to recognize familiar objects and faces and loss 
of colour vision with relative preservation of central vision. This 
combination of defects is of great interest and has been well described. 
The associated lesions are usually bilateral, involving the inferior 
occipital lobes and radiations. The scan in this patient shows bilateral 
low-density lesions in the P-1 and P slices with survival of the pos
terior poles. The lesions extend laterally and clearly must also in
volve the lower radiations and parastriate areas. 

Constricted fields can also be due to bilateral lesions. One patient 
showed infarction on the left extending from the P-1 slice anteriorly 
to include P and P+1 while on the right the lesion included P, P+1, 
P+2 and P+3. On both sides the occipital pole is spared while there is 
extensive damage to the rest of the visual cortex and beyond the prim
ary visual area. The visual fields show true tunnel vision with pre
servation only of the central 50 (using a large target) and the visual 
acuity was preserved to 6/5 on both sides - exactly what would be anti
cipated from the scan findings (Fig. 1). 

The correlations which have been attempted in this paper are inexact, 
and it is possible to come only to general conclusions. The findings, 
however, are those which would be anticipated from a knowledge of the 
anatomy of the visual pathways. Perhaps when the resolution of the 
scanner is further improved and finer slice widths can be used it may 
be possible to develop this study. A particularly useful advance would 
be the ability to reconstruct the scan data and display images in other 
planes so that a 3-dimensional plot of the visual cortex lesion could 
be made. 
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Cerebra!, Cerebellar and Pontine Haemorrhages 
H. R. Müller* and U. Wiggli ** 

Since its early description by AMBROSE (2) the C.A.T. pattern of cere
bral haemorrhages has been weIl known, and except for the recognition 
of the underlying pathology, which is only occasionally evident from 
the scan, seldom gives rise to differential diagnostic problems. Be
sides thus providing a specific diagnosis, the method makes available 
a world of additional information, such as exact localisation and ex
tent of the haematoma, perforation into the ventricular system and to 
the subarachnoid space, mass displacement and oedema. 

The convenience with which these da ta are obtainable and the possibil
ity to scan a patient repeatedly to follow the evolution of the lesion 
in time add further to the tremendous impact C.A.T. is having on the 
clinical management of these patients. 

Early C.A.T. Appearance of the Intracerebral Haematoma 

Recent intracerebral haematomas present on the C.A.T. scan as dense 
white areas with high absorption values (Fig. 1a). 

In aseries of 27 large haematomas, scanned within 24 h after onset 
of symptoms, and not being contaminated by artefacts on the scan, the 
mean values measured in the central area of the lesion were between 
30 and 39 EMI units, the individual values ranging from about 15 to 47. 

It has been shown experimentally that the erythrocytes are the main 
factor in producing the high absorption values of recent haematomas 
(1, 8). While circulating blood, measuring 13-28 EMI units according 
to SCOTT et al. (8), contributes to the absorption value of intact 
brain tissue only as a partial volume and, therefore, cannot be identi
fied as such, the high absorption becomes evident if extravasation 
occurs and consequently full volumes are measured. 

There is experimental evidence for clotting not being necessary for 
the production of the high absorption pattern found in recent haematomas. 
However, from experimental findings (8) as weIl as from measurements 
in vive (5, 6) it appears that some increase in absorption values of 
the haematoma occurs during the first few hours after bleeding. 

In order to demonstrate in vive the role of the erythrocytes in the pro
duction of high absorption, the mean absorption was measured in the 
centre of 24 haematomas scanned within 24 h after bleeding, and the 
values obtained were plotted against the haemoglobin and haematocrit 
values measured on admission of these patients. On the resulting graph 
(Fig. 2) a weak linear correlation can be seen which proved, however, 

*Neurosurgical Clinic, University of Basle, Kantonsspital. 
**rnstitue of Medical Radiology, University of Basle, Kantonsspital. 
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not to be statistically significant. Haemodilution in some of the pa
tients having received infusions be fore being admitted to hospital as 
well as individual variations of serum expulsion out of the clot may 
have interfered in this experiment. 

Evolution in Time of the Haematoma Pattern 

If the mean absorption of the whole haematoma area is followed, a 
decrease can be observed from the first week (Table 1). Conversely, 
the absorption measured in the central area remains high an least for 
two weeks (Table 2). 

Table 1. Mean absorption (EMI scale) ±SD of total haematoma area in four cases fol
lowed up 

First day after 

1. 29.8 ±9.0 23.7 
2. 29.3 ±8.7 27.0 
3. 28.5 ±9.0 25.7 
4. 26.9 ±7.9 24.1 

1 week 

±8.2 
±7.9 
±8.8 
±8.4 

2 weeks 

23.4 ±8.5 
24.2 ±7.3 
18.0 ±7.0 
18.4 ±5.3 

4 weeks 

19.7 f7.3 
23.4 ±5.2 
16.9 ±4.5 

Table 2. Mean absorption (EMI scale) ±SD, central region of intracerebral haematomas. 
(Rectangular sampie of 100 1.5 x 1.5 x 13 mm voxels) 

Day 2 to 7 Day 8 to 14 Day 15 to 21 

36.8 ±3.2 37.0 ±6.5 32.2 ±3.2 
35.6 ±3.0 35.5 ±3.3 31.8 ±5.2 
33.0 ±3.5 35.2 ±2.9 28.2 ±4.7 
32.4 ±2.4 35.0 ±2.9 
32.2 ±3.2 34.8 ±3.9 
31.8 ±5.0 23.8 ±3.7 

Subsequently the mean absorption value of the total haematoma area falls 
progressively, at a rate which seems to be related to the size of the 
haematoma, the final stage being a lacuna of reduced size with various 
degrees of tissue retraction and ventricular widening. 

The different time scale of absorptional behaviour of the central and 
the total haematoma area appears to be due to transformation of the 
haematoma beginning at its periphery. 

A typical oedema pattern surrounding the high density zone is only ex
ceptionally seen from the first day after bleeding. It usually becomes 
visible only during the first week, almost invariably increases in size 
during this period and may remain for several weeks. It is our impres
sion, though no measurements are available, that the oedema zone remains 
smaller if steroid treatment is given and that it is usually more ex
tensive in parietal and occipital haematomas than those in other loca
tions. 

In many haematomas a small border surrounds the high absorption area 
even on very early scans. It is not finger-shaped and may be due to 
serum migrating out of the clot rather than oedema. 
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In some subacute intracerebral haematomas a ring pattern can be seen 
after enhancement, which may, with an inappropriate or controversial 
history, give rise to the differential diagnosis of a tumor. Such a 
pattern, with a high central density, was observed in one chronic en
capsulated intracerebral haematoma (Fig. 1b). In this case the capsule 
appeared to have organised too fast in relation to the natural degra
dation of the haematoma to allow the clearance of the high density 
degradation products. 

Haematoma Location as Related to Aetiology 

The following is a retrospective analysis of 123 consecutive observa
tions of non-traumatic intracerebral, cerebellar and pontine haemor
rhages including five cases of primary intraventricular bleeding. 

Table 3. Non-traumatic haematomas examined by C.A.T. from Jan 1974 to Sept. 1976 

(123 cases) . Numbers in brackets indicate ventricular perforation 

No. Hyper- Hyper- Anti- Aneu- Arterio- Other 

tension tension coagu- rysm venous 
+ Anti- lant malfor-
coagulant therapy mation 

Frontal 22 (12) 11 (9) 4 (2) 5 (1) 

Temporal (including 22( 5) 
2 3 (1) 6 (1) 9 (3) 

trigonal) 

Parietal 7 2 2 

Occipi tal 7 ( 2) 4 (1) 1 ( 1) 

Putaminal 28 (15) 18 (7) 2 ( 1) 2 (2) 3 (3) 3 (2) 

Caudatal 3 ( 2) 1 ( 1) 1 (1) 

Thalamic 16 ( 12) 11 (9) 2 (1) 2 (1) 1 ( 1) 

Cerebellar 8 ( 3) 3 ( 1) 1 ( 1) 1 ( 1) 2(0) 

Pontine 5 ( 2) 2 ( 1) 1 (1) 

Primary ventricular 5 3 2 

Total 123 (53) 40 (19) 11 (4) 23(8) 15 (12) 11 (3) 23 (7) 

A total of 249 sc ans were done on these patients; 56 patients had angio
graphy and 57 patients died, of whom 44 underwent autopsies. 

The following main points emerged from the review of this case material: 

Among the lobar haematomas as many as half of the frontal ones were caused 
by aneurysmal bleeding. On the other hand, haemorrhages caused by anti
coagulant therapy showed a clearcut predilection for the temporo-oc
cipital region and, particularly, the trigonal area. Only 5 of the 58 
lobar bleedings were hypertensive. Contrariwise, 8 of the 11 intracere
bral bleedings from arteriovenous mal formation were lobar. Most of the 
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ventricular perforations occurred in the frontal haematomas, partic
ularly with aneurysmal bleeding. 

As would be expected, as many as two-thirds of the basal. gangZia haemor
rhages were purely hypertensive, but in this group too, anticoagulant 
therapy was quite an important bleeding cause. All putaminal haemor
rhages rupturing into the ventricular system did so by reaching the 
frontal horn over the external and/or internal capsule. Haemorrhages 
within the thalamus ruptured either into the posterior part of the 
third or into the lateral ventricle. 

A special feature of our case series is the observation of nine partic
ularly small hypertensive paraganglionic haemorrhages (four putaminal, 
three thalamic and one caudate). Six of these survived with conser
vative treatment. These patients, presenting with motor or sensor i
motor hemipareses of capsular type are particularly prone to be mis
diagnosed clinically as ischaemic strokes. A special feature of thalamic 
bleeding was the showing of signs usually attributed to lobar lesions, 
such as a sensorimotor aphasia in one case and a parietal lobe syndrome 
in three. 

Eighteen basal ganglionic haemorrhages of medium to large size, 9 of 
them having ventricular perforation, were opera ted and 14 survived. 
The operative mortality (22%) was thus even lower - with the criteria 
for operation adopted - than that of the 21 lobar haematomas operated 
in the same time period (33%). However, 7 patients of the basal ganglia 
group as opposed to two in the lobar group remained bedridden or sev
erely handicapped. 

Eight cerebeUar and fi ve pontine haemorrhages were observed, and there 
was no problem of detecting and localising these lesions (Fig. 3). 
Even pontine haematomas measuring less than 1.5 x 1.5 cm were clearly 
demonstrated. In five patients in whom a cerebellar or pontine haematoma 
had ruptured into the fourth ventricle, blood was present in both oc
cipital horns. 

Five patients having cerebellar haematomas were opera ted upon, and 
three survived. One of them was tetraplegic on admission and, thanks 
to early diagnosis by C.A.T., left the hospital ambulant 10 days after 
operation. Since the clinical pictures of cerebellar and pontine haemor
rhages do not categorically exclude each other, the diagnosis by C.A.T. 
played a crucial role in improving the salvage rate of our patients 
suffering from cerebellar haematomas. 

Discussion 

The high accuracy of C.A.T. for the diagnosis of intracerebral haemato
mas, as reported by several authors (2, 5-8) has been'confirmed by the 
retrospective analysis of our case material. Except for some subacute 
and late stages, where isodense patterns may occur (3) and except for 
some encapsulated chronic haematomas, which could be mi staken for tu
mours or thrombosed aneurysms, there seems to be no problem in identi
fying a haematoma as such. 

Since bleeding sources such as arteriovenous mal formations and aneurysms 
cannot be excluded even on enhanced scans, and since bleeding from them 
can produce any haematoma pattern, a deliberate use of angiography in 
patients whose C.A.T. shows an intracerebral haematoma is advisable. 
Angiography should be done for this reason even in patients primarily 
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scheduled for conservative treatment. Only cases judged from clinical 
and C.A.T. evidence to be fatal, and patients not allowing, from the 
rapidity of the clinical evolution, time for further investigations 
before surgery should be excluded from angiography. 

An extensive use of C.A.T. in stroke patients is recornrnended since from 
our experience the proportion of intracerebral haematomas not be de
tected without C.A.T. is not negligible. 

Finally, C.A.T. should lead us to reconsider the principles for conser
vative versus operative management. We are learning from this method 
that many lobar haematomas, even of large size, may do weil under con
servative treatment and that an expectant policy is certainly justified 
in all cases not primarily presenting with signs of brain stern com
pression or ventricular block. On the other hand basal ganglia haemor
rhages, not considered so far by the majority of neurosurgeons to bene
fit from surgical treatment, are becoming, through the use of C.A.T., 
progressively successfully operable. 
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a b 

Fig. 1. (a) Putaminal haemorrhage from middle cerebral artery aneurysm. (b) Encap
sulated chronic intracerebral haematoma within the temporal lobe. Ring pattern after 
enhancement (pight) 
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Fig. 2a and b. Mean central absorption vm (EMI scale) of 24 fresh intracerebral 
haematomas versus (a) haemoglobin and (b) haematocrit (rectangular sampie of 100 
1.5 x 1.5 mm units) 
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Fig. 3. (a) Cerebellar haematoma of right hemisphere. (b) Pontine haematoma ruptured 
into the fourth ventricle 



Diagnosis of Subarachnoid Haemorrhage by Computerised 
Tomography in Intracranial Aneurysms 
G. Scotti*, D. Melan90n**, R. Ethier*, and K. Terbrugge*** 

The advent of eomputerised tomography has not yet really ehanged the 
diagnostie approach to subaraehnoid haemorrhage. Four-vessel eatheteri
sation remains absolutely neeessary to visualise the ruptured aneurysm. 
However, eomputerised tomography has added some very useful informa
tion. 

Aeeording to the few extensive papers published up to now on the use 
of eomputerised tomography in subaraehnoid haemorrhage (1, 2, 3) the 
presenee of extravasated blood may easily be reeognized, as weIl as 
its extent and distribution. Sometimes the loeation of the aneurysm 
itself may be predieted by the pattern of distribution of blood in the 
subaraehnoid spaees or the formation of a haematoma. The role of eom
puterised tomography is partieularly relevant in following the patient's 
elinieal evolution: oedema due to spasm is elearly seen as are fresh 
bleeding and the development of hydroeephalus. 

The aim of our work was to evaluate: first, the aeeuraey and reliabil
ity of C.A.T. in showing the subaraehnoid haemorrhage and intraeranial 
aneurysms; seeond, the possibility of predieting the loeation of the 
ruptured aneurysm on the basis of the pattern of distribution of extra
vasated blood. 

Material and Methods 

The C.A.T. seans of 46 patients admitted to the Montreal Neurologieal 
Institute for subaraehnoid haemorrhage following rupture of an intra
eranial aneurysm were reviewed. The presenee of one or more aneurysms 
was assessed by means of four-vessel angiography in all but one patient, 
in whom only post-mortem examination was available. 

The loeation of aneurysms is listed in Table 1. Of the two unusual 
eases one was an aneurysm of the posterior perieallosal artery, the 
other was on a lentieulostriate artery. 

In reviewing the seans, note was taken of: (a) presenee of extravasated 
blood; (b) its pattern of distribution and the possibility of prediet
ing the site of the ruptured aneurysm on this basis; (e) the rate of 
resorption of extravasated blood. 

*Neurological Clinic, University of Milan, Italy. 
**Montreal Neurological Institute, Canada. 
***Toronto Western Hospital, University of Toronto, Canada. 
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Table 1. Characteristics of the group of 46 patients with subarachnoid haemorrhage 
and intracranial aneurysms 

Lecation of aneurysm 

Anterior communicating 

Internal carotid -
posterior communicating 

Middle cerebral 

Basilar 

Multiple 

Unusual locations 

Total 

Results 

Number of patients 

14 

10 

4 

2 

14 

2 

46 

C.A.T. evidence of extra-
vasated blood 

13 

9 

4 

2 

12 

2 

42 

Extravasated blood was recognised in 42 of the 46 patients; this gives 
90% accuracy of C.A.T. in demonstrating extravasated blood. Its density 
ranges between 35 and 45 Hounsfield units. 

Table 2. Localisation of subarachnoid blood in cases of ruptured aneurysm 

Total 

Anterior communicating 13 

Internal carotid -
posterior communicating 9 

Middle cerebral 

Basilar 

Multiple 

4 

2 

12 

Supra
sellar 

9 

5 

5 

Interhemi
spheric 

13 

3 

2 

2 

9 

Sylvian 

6 

5 

4 

6 

Interpe
duncular 

3 

2 

Ambient Quadri
geminal 

3 

2 

2 2 

Table 3. Haematomas and intraventricular haemorrhages in cases of ruptured aneurysm 

Total Intra- Intra- Septal Sylvian Inter- Subdural Others 
ventricular cerebral front 

Anterior com-
municating 13 2 

Internal 
carotid -

9 2 posterior com-
municating 

Middle 
cerebral 4 2 2 

Basilar 2 2 

Multiple 12 2 

Unusual 2 2 
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Tables 2 and 3 show the preferential distribution of extravasated blood 
according to the site of the ruptured aneurysm; some patterns are char
acteristic but not necessarily diagnostic of each group since frequent 
overlap exists. Anterior communicating artery aneurysms tend to bleed 
almost invariably into the suprasellar cisterns and the interhemi
spheric fissure (Fig. 1). Blood is frequently seen around the brain 
stern and in the Sylvian fissures. Callosal and cingulate sulci may be 
outlined by blood. This pattern, although very common for anterior 
communicating aneurysms is, however, not pathognomonic since it may 
also be seen in ruptured internal carotid or posterior communicating 
aneurysms. In the last group, however, blood is less frequently pre
sent in the interhemispheric fissure and more frequently in the Sylvian 
fissure where it may collect to form a haematoma (Fig. 3). Middle cere
bral artery aneurysms almost invariably bleed into the Sylvian fissure, 
usually unilaterally. Our experience with ruptured basilar aneurysms 
is limited. In cases of multiple aneurysms the pattern of extravasated 
blood depends on the one that had ruptured and the location may be sug
gested when it is typical. 

When the location of the haematoma is taken into consideration certain 
typical patterns are found. The only pathognomonic localising finding 
is the septal haematoma (Fig. 2) which occurs only with ruptured an
terior communicating artery aneurysms (1). Frontal haematomas are seen 
in anterior communicating and internal carotid artery aneurysms. Syl
vian haematomas may indicate either a ruptured middle cerebral artery 
aneurysm on that side, or an internal carotid or posterior communicating 
artery aneurysm (Fig. 3). 

Temporal or basal ganglia haematomas occur with ruptured aneurysm in 
the same location. In some cases a small haematoma just around the 
aneurysm may indicate exactly its location. 

The two subdural haematomas in our series were found in ruptured middle 
cerebral artery aneurysms. Intraventricular haemorrhage may be seen in 
any group. 

In the few patients in which the C.A.T. scan was repeated every other 
day in order to study the rate of resorption of extravasated blood, 
it was found no longer to be recognizable after the 6th to the 10th 
day following the bleed. 

Discussion 

The use and value of computerised tomography in the diagnosis of sub
arachnoid haemorrhage are obvious from the results of our retrospective 
analysis and have already significantly modified our diagnostic approach 
to patients with this symptom. 

Extravasated blood was demonstrated in 90% of subarachnoid haemorrhages; 
the percentage rises to 100% if one considers only the cases in which 
the sc an was done within the first 7 days after a bleed. 

Lumbar puncture may, in our experience, be avoided and will probably 
remain an historical manoeuvre in subarachnoid haemorrhage. C.A.T. gives 
much information unobtainable from angiography by showing the extent 
of bleeding into the subarachnoid spaces, the ventricles, brain paren
chyma and subdural spaces. The location of the ruptured aneurysm may 
frequently be predicted and this is particularly useful in cases of 
multiple aneurysrns. The initial C.A.T. scan carried out to diagnose 
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the subarachnoid haemorrhage may also become a very important baseline 
for follow-up C.A.T. 

The frequency of complications in subarachnoid haemorrhage is well 
known and often necessitates repeated angiography. C.A.T. scans will 
probably eliminate this need since they clearly showrecurrence of bleed
ing, oedema due to ischaemia following vasospasm and the presence and 
formation of hydrocephalus. The mechanism of development of hydroce
phalus will probably be better understood. 
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a b 

Fig. la and b. Subarachnoid haemorrhage following rupture of anterior communicating 
artery aneurysm; increased density is seen in the basal cisterns, crural and ambient 
cisterns, Sylvian fissures, interhemispheric fissure, callosal and cingulate gyri 

Fig. 2. Septal haematoma, a pathognomonic pict
ure of ruptured anterior communicating aneurysm 
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a b 

Fig. 3a and b. Sylvian haernatorna following rupture of an internal carotid artery 

aneurysm 



The Use of Computerised Axial Tomography (C.A.T.) for the 
Diagnosis and Management of Intracranial Angiomas 
B. E. Kendall and L. E. Claveria* 

In arecent publication (3) we analysed all the proven cases of intra
cranial angioma which had been examined by computerised axial tomo
graphy (C.A.T.) and also all those cases in which a proven C.A.T. diag
nosis of angioma had been made, using a 160 x 160 matrix EMI head scan
ner at The National Hospital, Queen Square, since December, 1974. We 
have added a further 10 cases, bringing the total number of angiomas 
in our series examined by C.A.T. to 50, and present a review of the 
value and limitations of C.A.T. in the diagnosis and management of 
angiomatous mal formations based on this series and on cases reported 
in the literature. 

The results of anaylsis of our series of 50 angiomatous malformations 
are presented in Tables 1-6. 

Classification 

Arteriovenous Malformations (avm's) 

The majority of intracranial angiomas detected by neuroradiological 
methods are avm's involving the brain parenchyma and sometimes the 
overlying meninges; 46 of our series were of this type. There were two 
dural avrn's, both shunting into the transverse sinuses, neither of 
which caused any enlargement of cerebra 1 vessels nor produced any focal 
changes on the computed tomograms. Pathologically enlarged meningeal 
channels were present on the plain X-rays of both these patients and 
suggested the diagnosis prior to angiography. 

Cavernous Angiomas 

Cavernous angiomas are composed of dilated venous spaces without inter
vening brain parenchyma; calcification may be present in the walls of 
the abnormal vessel. The one cavernous angioma in this series was il
lustrated in our previous publication (Fig. 11) (3). It showed as a 
circumscribed rounded lesion of increased attenuation similar to that 
of an intracerebral haematoma and was explored without further contrast 
studies. The correct diagnosis was only made by histological examina
tion. 

Venous Malformations 

The so-ca lied venous mal formations are in fact avm's in which the 
feeding arteries are of normal size and shunting is relatively slow, 
so that the conspicuous components of the mal formation are dilated 

*Lysholm Radiological Department, The National Hospital, London. 
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venous channels which are separated by cerebral substance. They are 
well shown with modern angiographic techniques. The one case in this 
series showed calcification in the brain parenchyma adjacent to the mal
formation, and dilated subependymal veins draining from it were shown 
after contrast enhancement (Fig. 1). Several cases of Sturge-Weber 
syndrome have been examined but will be reported separately (5). 

Telangiectases 

Intracranial angiomas also include capillary telangiectases, which 
are mentioned for completeness. These lesions, however, are too small 
to be detected on C.A.T. and, although they are responsible for some 
apparently spontaneous intraparenchymal haematomas, they cannot usually 
be recognised prior to post-mortem examination. 

Clinical Features 

The presenting features, age and sex of our patients are set out in 
Table 1. It differs from other series in two features. Firstly, 54% of 
our patients presented initially with subarachnoid haemorrhage whereas 
usually only about 40% of patients present in this way (6). Many of 
our patients were referred from other hospitals into our neurosurgical 
units, which accounts for this prevalence of subarachnoid haemorrhages. 
Secondly, the average age (33 years) of patients presenting with haem
orrhage is considerably greater than that usually recorded in the lit-

Table 1. Cerebral angiomas 

1. Total 50 

2. Age range 

27 presenting with subarachnoid haemorrhage 
23 presenting with other symptoms 

6-63 Mean 33 3. Sex: 25 female 
25 male 

(a) Presenting as subarachnoid haemorrhage - Age range 6-63 Mean 33 - (a) 13 female 
14 male 
(b) Presenting miscellaneous - Age range 13-63 Mean 33 - (b) 12 female 11 male 

eraturei for example it was 15-20 years in the review by PERRETT and 
NISHIOKA (9). The majority of children in our region are referred to 
a specialised paediatric unit which probably accounts for this dis
crepancy. We do not consider that this selection has significantly in
fluenced the C.A.T. findings in our series. 

An important distinction is made between cases presenting with sub
arachnoid haemorrhage (group 1) and those presenting with other symp
toms but without subarachnoid haemorrhage (group 2). In the first 
group the primary purpose of the scan has been to show the site of 
bleeding so that detailed selective angiography can be directed towards 
showing the precise anatomy of any underlying lesion and its connections 
to the cerebral vessels. We believe it is reasonable to omit scanning 
after intravenous contrast injection if this information is given by 
the plain scans. In the other group-also, plain scanning may strongly 
suggest the diagnosis and, especially when a haematoma is shown, angio
graphy will probably bß indicated. However, in circumstances where it 
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is evident that an angioma would be best managed conservatively re
gardless of its precise anatomy, either because of the risks of surgi
cal approach in a particular location or because of the condition of 
the patient, angiography may be considered unnecessary if C.A.T. sup
plemented by other non-invasive studies, such as in gamma encephalo
graphy (10, 12), can definitely establish the diagnosis. In this group 
rescanning after intravenous contrast medium should not usually be 
omitted. Of the total series all the patients were scanned without 
intravenous contrast injections and 74% were rescanned after contrast 
injection. 

Localisation 

The localisation of the angiomas in this series is shown in Table 2. 
Apart from the dural avm's, the position of the malformation had no 
definite influence on the possibility of visualising the lesion though 
it is evident that small mal formations adjacent to bone may be dif
ficult to detect because of partial volume defects. 

Table 2. Cerebral angiomas 

Localisation 

Frontal 

Temporal 

Parietal 

Occipital 

Deep 

Posterior 
fossa 

Intraventric
ular 

Dural 

Wi th haemor- % 

rhage 

6 22 

4 15 

7 26 

4 15 

2 

2 

7 

4 

7 

4 

% of 
total 

12 

8 

14 

8 

4 

2 

4 

2 

No haemor
rhage 

5 

3 

7 

2 

3 

Right and left hemispheres equally affected. 

% 

22 

13 

30 

9 

4 

13 

4 

4 

% of 
total 

10 

6 

14 

4 

2 

6 

2 

2 

Total % 

11 22 

7 14 

14 28 

6 12 

3 6 

4 8 

3 6 

2 4 

The attenuation value of blood is proportional to the haemoglobin level 
(8); with a normal level of around 15 g percent of haemoglobin the at
tenuation value is 28 EMI units, which is higher than that of brain 
substance and considerably greater than that of CSF. Large vessels of 
an angioma are only directly visible because of the volume of the blood 
which they contain and hence the angiomatous complex is usually slighter 
denser than the adjacent brain. The precise appearance of the vessels 
will vary, depending on their angle relative to the tomogram cut; they 
will be tubular or vermiform when cut longitudinally and oval or rounded 
when they are transected. Multiple vessels separated by brain and CSF 
spaces give an appearance of mottled density. Enlarged feeding arteries 
and draining veins are frequently evident. These features are considered 
to be typical of angiomatous malformations (Fig. 2). The incidence of 
secondary effects and complications of avm's in this series is shown 
in Table 3. Mass effect was not a prominent feature, in the absence 
of haemorrhage, but it did occur with large avm's. Low density adjacent 
to the avm's, usually recognisable as atrophy though occasionally in-



264 

Table 3. C.A.T. Findings 

Presenting % % of total Presenting % % of total Total % 
as sub- with other 
arachnoid neurology 
haemorrhage 

Calcification 2 7 4 7a 32 14 9 18 

Hydrocephalus 8 30 16 2 9 4 10 20 

Mass effect 10 37 20 4 18 8 14 28 

Focal atrophy/ 
4 15 8 11 50 22 15 30 infarct 

Associated 
15 56 30 2b 9 4 17 34 

haematoma 

alncluding venous angioma. 
blncluding thrombosed cavernous angioma. 

distinguishable from infarction on a single scan, was particularly 
common in group 2. Calcification in the walls of the angiomatous ves
sels, in the draining ve2ns or in the parenchyma is shown on plain 
films in between 15% (2) and 29.5% (11). Calcification should be more 
readily detected on C.A.T. but in the present se ries it was only vis
ible in 18%. It may be obscured by adjacent haemorrhage at the window 
l~vels usually employed. 

Rescanning after Intravenous Contrast Injection 

Attenuation of the blood, including that in the angiomatous malforma
tion, is increased by intravenous contrast medium. About 20% of avm's, 
which were not visible or showed only slight or non-specific changes 
before intravenous contrast injection, become typical after enhance
ment as the increased density of blood overcame the partial volume 
effect of the brain which was previously masking them. Seven cases 
with typical appearances prior to enhancement are confirmed and further 
features of the malformations, such as connecting vessels and more 
precise outlining of the extent of the lesion, are usually apparent 
after enhancement (Fig. 3). A malformation draining through transparen
chymal veins has a typical wedge shape tapering towards the subependymal 

Table 4. 

C.A.T. changes Presenting with Presenting without Total 
subarachnoid haemor- clinical haemorrhage 
rhage 

Vessels shown on C.A.T. 
12 (44%) 10 (43%) 22 (44%) 

without contrast 

Atypical density C.A.T. 8 (30%) 4 (17%) 12 (24%) 
wi thout contrast 

Vessels shown after contrast 
only 

7 (26%) 3 ( 11%) 10 (20%) 

Others 2 (7%) 4 (17%) 6 (12%) 
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region, which may be recognised if the wedge lies in the axis of the 
C.A.T. cut. Our 50 patients can be subdivided into four groups as shown 
in Table 4. 

Typical C.A.T. Appearances without Intravenous Contrast Injection 

Twenty two of our cases (44%) showed typical changes on C.A.T. without 
contrast injection. Rescanning after contrast was performed in 13 of 
them and typical appearances were confirmed in 12 (Figs. 2 and 3). The 
other one failed to enhance, and because of this we made amistaken 
diagnosis of a glioma, despite the typical pre-contrast scan and ab
sence of any mass effect. The lesion did not opacify at angiography 
and only at surgery was it eventually established that the C.A.T. ap
pearances were due to completely thrombosed vessels of an avm. Similar 
cases have been described (13) and it should be noted that C.A.T. is 
the best pre-operative means of showing a totally thrombosed avm. 

Typical C.A.T. Appearances Only after Intravenous Contrast Injection 
(Table 5) 

Table 5. 

Typical C.A.T. only after 
intravenous contrast 

Findings on Plain C.A.T.: 
Normal 
Focal high density 
Focal low density 
Focal atrophy 

Group 

7 

3 
2 
2 
o 

Group 2 

3 

o 
1 

Total 

10 

4 
3 
2 

In the 10 cases (20%) in which the typical appearances of an avm were 
seen only after contrast enhancement, 7 presented with subarachnoid 
haemorrhage and four of these showed a focal abnormality on the pre
contrast scan (Fig. 3). Of the three presenting without haemorrhage, 
one showed focal atrophy and another showed a high density adjacent 
to the left side of the third ventricle, deforming it and causing 
hydrocephalus. There was marked enhancement of the lesion and it is 
evident in retrospect that it was composed of tubular structures con
necting with the dilated vein of Galen. Despite these typical features 
and the absence of any marked mass effect or surrounding oedema, the 
lesion was misdiagnosed as a glioma on C.A.T. It has been illustrated 
in a previous paper (3). 

Focal High Attenuation Lesion 

In the remaining 18 patients (36%) typical appearances due to the 
angioma itself were not evident. In 12 cases (24%) there was a focal 
high attenuation lesion on the unenhanced scan and in 10 of these pa
tients, 8 of whom presented with subarachnoid haemorrhage, this was 
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due to an intraparenchymal haematoma. In 1 case the density was proved 
at surgery to be due to the thrombosed cavernous haemangioma which has 
been discussed. In the 12th case the density was due to calcification 
adjacent to a venous angioma (Fig. 1). Intravenous contrast medium was 
given to 5 of the cases in this group and enhancement adjacent to the 
haematoma occurred in 4 of them. There was, however, no typical appear
ance of enlarged vessels and it should be noted that cases have now 
been reported in which enhancement has occurred adjacent to a resolving 
spontaneous or traumatic haematoma (7, 14). Thus rim enhancement is 
non-specific, though it may weIl have been due to the angioma itself 
in our cases. In the 5th patient there was no enhancement in a small 
cerebellar avm which filled weIl on angiography. It is uncertain now 
why even in retrospect it could not be detected, but this was possibly 
due to its small size and its proximity to the tentorium, so that en
hancement of that structure following intravenous contrast medium may 
have obscured that of the malforma"tion. 

Significance of Position of a Haematoma 

The relationship between the site of the haematoma on C.A.T. and the 
probable aetiology of a haemorrhage has been previously discussed (1, 
3), and the value of C.A.T. in localising the site of origin of sub
arachnoid haemorrhage has also been discussed (4). In brief, the like
lihood of an underlying avm may be suggested by elinical features, 
such as a relatively young patient, the absence of systemic causes 
for spontaneous haemorrhage and by a haematoma in an unusual site for 
aneurysma I or spontaneous haemorrhage. The former extend to the eommon 
sites of berry aneurysms elose to the circle of Willis; anterior eom
municating aneurysms tend to involve the frontal lobes, interhemispheric 
or callosal region; middle cerebral aneurysms tend to involve the tem
poral lobes, more lateral parts of the frontal lobes and para-sylvian 
region; and distal carotid-posterior communicating aneurysms tend to 
bleed into the temporal lobes. Spontaneous haemorrhages may oeeur in 
any position but haematomas within the eentrum semi-ovale and parietal 
lobes are more usually spontaneous. Foeal haematomas immediately ad
jaeent to the ventrieular walls and bulging into the ventricular eav
ities (Fig. 3) are espeeially suggestive of avm's and a sufficient num
ber of haematomas in the thalami and subcortical regions are due to 
avm's to warrant angiography unless a systemic eause for them is evi
dent. The combined clinieal and radiologieal features suggested an avm 
in all eight of these eases presenting with subaraehnoid haemorrhage 
and a parenchymal haematoma, and detailed angiographic investigations 
showed an avm adjacent to the lesion in every case. 

Foeal Low Attenuation or Normal Scans 

In the remaining six cases (12%) the probability of an angioma could 
not have been suggested on the C.A.T. findings alone. One patient showed 
a low attenuation lesion whieh showed central enhancement indistinguish
able from an infaret prior to angiography (Fig. 4). Slight focal atrophy 
was present in another patient who was not reseanned after intravenous 
contrast. No foeal abnormality was present in the other four patients. 
Two of these had dural avm's whieh have previously been diseussed, and 
intravenous eontrast medium was not given to the other two patients. 



Mistaken Diagnosis of avm (Table 6) 

Table 6. Misdiagnosis of lesion on C.A.T. 

Reported C.A.T. diagnosis 

Glioma 
Infarct 
Glioma 
Haematoma 
Angioma or glioma 

Correct diagnosis 

a~ 

a~ 

a~ thrombosed 
Cavernous angioma 
Venous angioma 

Recent infarct (3) 
Empyema 
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During the period of the study over 4500 C.A.T. scans were performed 
and among these there were four cases in which a low density lesion 
showed a tubular pattern of partial enhaneement whieh caused us to 
make amistaken diagnosis of angiomatous malformation, though in all 
cases the appearances were atypical. Three of these were infarcts be
tween 1 and 4 weeks old, and there is no doubt that the distinction 
from an avm eould have been made by repeat scanning after an interval 
of 3 or 4 weeks. The fourth ease has already been reported in detail 
(3) i in brief, the C.A.T. sean showed a well-circumser~bed low-density 
lesion below the left side of the tentorium which showed marked mar
ginal enhancement eontinuous with the straight sinus after intravenous 
contrast medium. An avm was suspected, but this was ruled out by verte
bral angiography. After 1 month the C.A.T. demonstrated increase in 
the size of the subtentorial lesion, with marginal enhaneement of even 
thickness around a low density eentre suggesting an abseessi at sur
gery this was shown to be an infratentorial subdural empyema. In re
trospect, the only reason for confusion on the first sean was the prox
imity of the enhaneing margin of the lesion to the straight sinus which 
was naively interpreted as drainage of a vaseular mal formation into 
the sinus. No eerebral tumours were mistakenly diagnosed as avm's. It 
should be noted that none of these misdiagnosed lesions was of in
creased density prior to enhaneement, nor did any of them show the 
tubular or mottled densities of enlarged vessels after enhaneement 
whieh are so suggestive of an angiomatous malformation. 

Value of C.A.T. in Management 

C.A.T. appearanees whieh should have suggested the presence of an an
gioma were present in 64% of these eases and in a further 24% a foeal 
high-density lesion was shown which, in the elinical eontext, again 
suggested the possibility of an underlying angioma. The value of C.A.T. 
in diagnosis of these lesions is therefore apparent. If C.A.T. is neg
ative, plain film examination is of particular importance in cases 
with subaraehnoid haemorrhage, since deteetion of enlarged vaseular 
ehannels may give pre-angiographic indieation of a dural avm and the 
nature of any caleification is better assessed on plain films than on 
C.A.T. if it is visible on the former. 

C.A.T. should be performed prior to angiography beeause, by showing the 
position and extent of any abnormality, it may lead to modification of 
further diagnostic studies. Thus, if the lesion is shown to be exten
sive, for example, involving a whole hemisphere (Fig. 5) or to be sit-
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uated centrally within the brain stern, it may be considered surgically 
inaccessible and angiography, therefore, may be avoided. Again, the 
precise position of the lesion indicates which vessels s.hould be exam
ined in detail to elucidate the nature of the malformation and the 
anatomy of its arterial supply and venous drainage. Even though angio
graphy is the only means of showing these features of an angioma and 
is indicated on clinical grounds, C.A.T. should not be ommitted be
cause it shows more accurately the extent of any haemorrhage, infarc
tion or oedema and the relationship of the malformation to these changes 
and to the cerebral parenchyma and ventricular system. C.A.T. and angio
graphy are thus complementary in determining the feasibility of surgery 
and sometimes in determining the best surgical approach. 

C.A.T. is valuable in elucidating the mechanism of any clinical de
terioration occurring spontaneously or during the postoperative period. 
Thus infarction or bleeding (Fig. 2) may be distinguished from hydro
cephalus and the cause of the latter may be shown, whether it be ob
structive due, for example, to large vessels or blood clot occluding 
the aqueduct, or communicating due to previous haemorrhage. 

Summary 

C.A.T. showed typical changes due to an angioma itself in 44% of un
enhanced scans. In 20%, typical vessels were only shown after contrast 
injection. A focal or lateralising high attenuation due to bleeding, 
thrombosed vessels or calcification was present in a further 24%. C.A.T. 
failed to show any focal abnormality in 8% of this series, but in two 
of these cases (4%) C.A.T. was not repeated after intravenous contrast. 

C.A.T. shows the relationship of the malformation to the brain paren
chyma and ventricular system, and complications such as parenchymal 
and intraventricular haematoma, infarction, hydrocephalus, calcifica
tion, focal atrophy and cyst formation. It is thus of great value in 
determining the cause of a clinical state both be fore and after surgery 
and in controlling management. C.A.T. does not elicit the exact nature 
of the malformation, nor show the site of a shunt, nor the precise 
anatomy of the arterial supply and venous drainage. Thrombosed angiomas, 
which do not fill at angiography, may be recognised on C.A.T. 
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a b 

Fig. la and b. Venous angioma. (a) Plain scan. Calcification left frontal lobe with 
linear extension towards anterior horn. (b) After intravenous contrast medium. En
larged anterior caudate vein extending from mal formation 

a b c d 

Fig. 2. (a) Unenhanced s c an . Typical left parietal avrn. Curvilinear increased at
tenuation (28 Hounsfield units) suggesting enlarged vessels cut longitudinally. (b) 
and (c) adjacent cuts after intravenous contrast medium. The increased attenuation 
renders the vessels of the avrn obvious. Those cut longitudinally cause curvilinear 
densities and those cut transversely are round or oval. (d) Same patient. Sudden 
clinical deterioration after excision of avrn. Sc an after intravenous contrast medium. 
Multiple silver clips at site of completely removed avrn. Haematoma in left lateral 
ventricle and displacement of ventricular system to right 

a b 

Fig. 3. (a) Unenhanced scan. Haematoma projecting into body of right lateral ventricle. 
Moderate hydrocephalus. (b) After intravenous contrast medium. Rim enhancement. 
Linear de nsities of enlarged vessels draining avrn to subependymal veins of right 
lateral ventricle 
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Fig. 4a and b. Right parietal avm. (a) Plain scan. Slightly low attenuation R. parietal 
region. (b) After intravenous contrast medium. Non-specific small area of enhancement 
in low density region 

Fig. 5. (a) Plain scan. (b) After intravenous contrast medium. Very extensive avm in
volving most of left parietal lobe and medial part of right parietal lobe 



The Study of Cerebra! Blood Volume by C.A.T. and 
a Comparison with Other Methods 
M. Gado, 1. Eichling, C. Higgins, and M. Currie* 

Introduction 

Computerised Tomography (C.A.T.) has been utilised by some investiga
tors (7) to measure the regional cerebra 1 blood volume (rCBV). The 
method depends on obtaining the numerical attenuation values computed 
by the scanner for the cerebral tissue be fore and after intravenous 
injections of iodinated contrast material. 

The attenuation values of a medium computed by the EMI scanner are 
derived from the equation: Attenuation value (EMI number) = \lX - \lW X 500 

\lW 

where \lX and \lW are the linear attenuation coefficients of the medium 
and water respectively. Blood sampIes are taken at the time of the 
pre-contrast and post-contrast scans. These are then scanned and the 
numerical attenuation values are obtained. The increase in attenua
tion by the tissue divided by the increase in attenuation by the sy
stemic blood yields the value of the regional rCBV after correction 
for the difference between the haematocrit of the systemic and cere
bral blood. 

For the latter conclusion to be correct there are several conditions 
that have to be fulfilled. One of these is the assumption that the 
iodinated molecule is confined to the blood space. The purpose of this 
work is twofold. First, to compare the mean CBV measured by this method 
with measurements in the same animal under the same conditions by an
other method using positron emission transaxial tomography (P.E.T.T.) 
and to test the response of rCBV to PaC02 changes by both methods. 
Second, to verify the assumption that contrast material injected intra
venously remains confined to the blood space in the normal brain. 

Material and Methods 

A 13 1b. male Rhesus monkey was premedicated by sernylan and atropine, 
heparinized by 3000 I.U. initially and 2000 I.U. 2 hIater. A 17 gauge 
PE catheter was introduced into the left brachial artery for the pur
pose of obtaining arterial blood sampIes for PaC02 and systemic blood 
iodine measurements. A similar catheter was introduced into the left 
femoral vein for the purpose of administration of medication, tracer 
or iodinated contrast material. The animal was paralysed with Flaxedil, 
intubated and ventilated by a pump delivering 125 cc of 100% oxygen 
per stroke at a rate of 12 strokes/min to attain normocarbic arterial 
blood level or approximately PaC02 = 38-40 mm Hg. Moderate hypercarbia 
was produced by reducing the stroke volume and rate. Marked hypercarbia 

*Mallinckrodt Institute of Radiology, Washington University School of Medicine, 
St. Louis, Missouri. 
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was obtained by ventilating the animal with 90% oxygen and 10% carbon 
dioxide delivering 125 cc/stroke at 12 strokes/min. For low PaC0 2 , 200 
cc of 100% oxygen were delivered per stroke at 15 strokes/min. The 
measurement of rCBV by positron C.A.T. scanning was achieved with a 
positron emission transverse tomograph (P.E.T.T.) (6) subsequent to an 
intravenous infusion of "CO-haemoglobin ("C: Tl/2 = 20.3 min). The 
data collection was initiated after a 10-min blood equilibration per iod 
and serial sampIes of arterial blood were withdrawn during the 8-min 
scans in order to establish the mean blood activity. The mean CBV for 
a region of interest was computed from the equation 

rCBV (CPS/cc tissue) x 100 
(CPS/g blood) p x f 

(cc/l00cc) 

where (CPS/cc tissue) is the mean computed activity per unitvolume of 
in vive tissue comprising the region of interest. This quantity is ob
tained by correlating the response of the P.E.T.T., i.e., reconstructed 
data, to the measured activity concentrations contained in a five-cham
ber phantom. (CPS/g blood) is the mean activity per unit volume of 
sampled blood during the study, p blood is the physical density of 
blood (p b100d = 1.05-1.06 g/ml) and f is the ratio of mean cerebral 
haematocrit and large-vessel haematocrit for the region of interest, 
i.e., f = HCTc/HctLV . Although it is weIl established that the mean 
haematocrit of vascular beds is less than that of large vessels, only 
a few studies have attempted to determine this parameter. An f value 
of 0.85 was used in the present study. The area selected for computing 
mean CBV on the P.E.T.T. image was selected according to the C.T.T. 
image (see below) . 

After the P.E.T.T. measurement of rCBV was completed, the animal was 
transfered to the EMI scanner. The head was adjusted in position and a 
test image of one slice was obtained to adjust the level to a plane 
very similar to the one imaged by P.E.T.T. A C.A.T. scan of this slice 
was taken as a baseline under normocarbic conditions. The animal then 
received an intravenous injection of Meglumine Iothalamate (282 mgm of 
iodine/l cc). A dose of 1 cc/lb was injected over a 4-min period. The 
scan was started 1 min later. A 4.5-min scan was obtained. Several 
blood sampIes were taken at the beginning and during the scan to en
sure constant PaCO z level. Only one blood sampIe (3.5 cc + 0.5 cc of 
heparin) was drawn at 2 min after the beginning of the scan. Mild and 
marked hypercarbia were induced as described above and the same proce
dure was repeated. A dose of 1 cc/lb of Conray 60 was given be fore each 
of the two scans done under moderate and marked hypercarbia to maintain 
a high blood level of iodine in this particular experiment. Hyperven
tilation was induced and a scan done under hypocarbic conditions after 
the injection of 0.5 cc/lb body weight of Conray 60. Polaroid images 
and numerical printouts were obtained for each of the five images taken 
for the same brain slice under the conditions described above. A rec
tangular area of the 1eft cerebra 1 hemisphere was marked excluding the 
region of the tentorium cerebelli where the iodinated contrast material 
is not confined to the blood pool (Fig. 1). A narrow rim of parietal 
convexity cortex was also excluded to avoid reconstruction artefacts. 
The area thus mapped out corresponded to a tissue volume of 25 cc. The 
mean attenuation value was calculated for the same area in each of the 
baseline and the three post-contrast scans. The blood sampIes corre
sponded to a tissue volume of 25 cc. The mean attenuation value was 
calculated for the same area in each of the baseline and the three post
contrast scans. The blood sampIes corresponding to the five scans con
sisting each of 3.5 cc of blood + 0.5 cc Heparin were collected in a 
10-cc plastic syringe where each was diluted with normal saline to the 
volume of 7 cc necessary for imaging. Each syringe had a diameter of 
15 mm. The syringes filled with diluted blood were scanned inside a 
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plexiglass phantom full of water built for this purpose. A 4.5-min 
scan was performed at the same KV and mA settings as the head scans. 
Numerical printouts were obtained with a matrix of 160 x 160 picture 
elements. On the printout, an area of 5 x 5 picture elements within 
each syringe was outlined. This corresponded to 9 x 9 mm and excluded 
the zone of partial volume effect between the syringe wall and its 
contents. The mean of the attenuation values in the 5 x 5 picture 
elements was computed for each blood sample and multiplied by 2 to 
correct for dilution. 

It was then possible to calculate the difference between the mean at
tenuation value of the left cerebral hemisphere on the baseline scan 
and any given post-contrast scan. This difference was defined as the 
brain enhancement under the conditions of that particular scan. A sim
ilar value was calculated for enhancement of the blood drawn at the 
time of the scan. From these two values, the mean rCBV for the hemi
sphere under the circumstances of that particular scan was calculated 
from the equation: Mean Value of Enhancement of the Brain x 100 x 0.85 

Mean Value of Enhancement of the Blood 
The value 0.85 corrects for the lower mean cerebral haematocrit com
pared to large-vessel haematocrit. The value of mean rCBV calculated 
with this method is in units of cc/100 ce of brain tissue. 

In order to determine the distribution of iodinated contrast material 
in relation to the blood space in the normal brain and to compare it 
with other tissues, the following experimental procedure was under
taken. Eight adult rabbits weighing between 6.5 and 8.5 pounds were 
selected. On the day prior to the experimental procedure 3 ce of the 
animal's blood were drawn, labelled with 20 vCi of 51Cr and re-injected 
intravenously. On the next day 4 ce of Meglumine Iothalamate labelled 
with 125 1 containing 100 vCi of activity were injected into the ear 
vein. Ten minutes later the animal was sacrified, and samples of several 
tissues were taken into previously weighed and marked test tubes. The 
samples taken were from brain, dura, muscle, kidney, liver, and hepa
rinised blood. The test tubes were weighed to determine the weight of the 
sample to the nearest 0.0001 If. The weight of the samples was 0.7554 g 
(± 0.15) blood, 0.6649 (± 0.22) brain, 0.0486 (± 0.02) dura, 0.6015 
(± 0.2) muscle, 0.4987 (± 0.26) kidney, 0.5166 (± 0.19) liver. The 
activity in the samples was counted using a semiconductor detector for 
1251, window set at 26-29 KeV (Te K X-rays) and a NaI(Tl) well detector 
for 51Cr, window set at 300-340 KeV~ The background for 51Cr was counted 
over 3000 sand the background in counts/min computed. The counting 
time for 125 1 varied from 80 s in blood to 3000 s in brain. The activ
ity of 51Cr expressed as the number of counts/min/g of each sample was 
calculated. This was divided by the counts/min/g of blood to obtain the 
tissue blood ratio of 51Cr activity. Similarly the tissue/blood ratio 
of 125 1 activity was calculated. 

'Space' is defined as the apparent volume obtained by dividing the 
amount retained by the concentration of the tracer in the plasma. There-

tissue blood ratio of 125 1 . 125 
fore the tissue blood ratio of 51Cr equals the ratlo between I 
space and 51Cr space in the tissue specified. This ratio was computed 
for each of the tissuesamples in each animal. This ratio was corrected 
twice for the difference between the mean cerebral haematocrit and 
large vessel haematocrit. The reason for two fold correction is that 
the ratio is calculated between a plasma tracer (125 r) and an RBC tracer 
(51Cr) . 
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Results 

The data obtained for six P.E.T.T. determinations of the mean cerebral 
blood volume of the left hemisphere of the scanned slice as a function 
of arterial pC02 are shown in Table 1 and Figure 1. 

Table 1. 

pC02 rCBV 
(mrn Hg) (ml/l00 g) 

38 2.79 
38 2.71 
55 3.64 
53 3.50 
67 4.21 
71 4.00 

Table 2. 

Scan No. Brain Brain Blood Blood rCBV C02 
attenua- enhance- attenua- enhance-
ti on ment tion ment 

1 20.05 27.3 40 
2 21.54 1. 49 58.3 31 4.09 42.5 
3 22.26 2.21 68.3 41 4.58 53.5 
4 23.38 3.33 77 .3 50 5.66 62 
5 22.2 2.15 72.1 44.7 4.09 25 

The data obtained by transmission C.A.T. (EM1 scanner) are shown in 
Table 2. The baseline mean attenuation value for the brain was 20.05 
EM1 scale units, and for the blood 27.3 units. After contrast injection, 
and under approximately the same normocarbic condition, there was an 
observed enhancement of 1.49 and 31 EM1 units for the brain and the 
systemic blood respectively. The mean rCBV of the left hemisphere was 
thus 4.09 cc/100 cc. When PaC0 2 was elevated to 53.5 mm Hg and the 
blood enhancement boosted to 41 EM1 units, the brain enhancement rose 
to 2.21 EM1 units accounting for an increase of mean rCBV to 4.58 cc/ 
100 cc. A further increase in mean rCBV to 5.66 cc/100 cc was noted 
at PaC02 of 62 mm Hg. When PaC02 was dropped to 25 mm Hg the mean rCBV 
dropped to 4.09 cc/100 cc. 

The values of mean rCBV of the left hemisphere calculated by both the 
transmission and emission C.A.T. methods and the response of CBV to 
alterations in PaC02 by both methods, with the equations for rCBV are as 
follows: 

Transmission C.A.T. rCBV 
Emission C.A.T. rCBV 

0.049 PaC02 + 2.18 
0.042 PaC02 + 1.25 

The results of the 125 1 space to 51Cr space ratio in the tissue samples 
obtained from each of the eight experimental animals are shown in Table 
3. The tissue/blood ratio of 51Cr reflects the blood volume in the 
tissue. The ratio was 1.48% for brain. The tissue/blood ratio of 51Cr 
for the dura was high due to the small weight of the sample (less than 
0.1 g) with contamination of the surface by extravasated blood. This 
anomaly, however, was normalised when the similarly high value of the 
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Table 3. Calculation of the ratio between the 125I-space and the 51Cr space (rabbit) 

Tissue No. Tissue/blood No. Tissue/blood 1251 space/ Corrected for 
ratio of 51Cr ratio of I 51Cr space haematocrit 

Brain 5 1.48 (± 0.4) 6 2.5 (± 0.9) 1.69 1.2 
Dura 5 51.3 (±20.9) 6 152.7 (±26) 2.98 2.2 
Muscle 5 1.0 (± 0.4) 6 14.3 (± 2.9) 14.3 10.3 
Kidney 6 9.9 (± 2.4) 6 610.5 (±142) 61.67 44.4 
Liver 6 19.3 (± 6.5) 6 96.2 (±33.5) 4.98 3.7 

ratio for 125 1 was divided by the ratio for 51Cr and the resultant 
value for 1251 space to 51Cr space ratio is therefore reliable; The 
muscle had the lowest blood volume (1.0%). The highest blood volume 
was in the liver (19.3%). The value 610.5% for the tissue/blood ratio 
of 1251 in the kidney sampie reflects the concentration of 1 2 by the 
kidney. The value of the ratio between the 125 1 space and the 51Cr 
space in the brain was 1.22. In other viscera the values were much 
higher, 10.3 for muscle and 44.4 for the kidneys. 

Discussion 

The results of CBV measurement by different methods by different in
vestigators (1, 3, 4, 5) are shown in Table 4 and Figure 3. The normo
barbic CBV at PaC02 38-40 varies from 2.7 to 5.8 cc/100 cc. The varia-

Table 4. 

Method Investigator Experimental Normocarbic Equation for rCBV 
animal CBV and PaC02 

Mark IV KUHL et al. Baboon 4.7 0.049 PaC02 + 2.88 

Transit time SMITH et al. Goat 4.9 0.043 PaC02 + 3.18 (outflow) 

Transit time EICHLING et al. Rhesus monkey 3.5 0.041 PaC02 + 2.0 (residue) 

Fluorescence PHELPS et al. Rhesus monkey 5.8 0.046 PaC02 + 4.06 

Emission C.A.T. The authors Rhesus monkey 2.7 0.049 PaC02 + 2.18 

Transmission The authors Rhesus monkey 4.1 0.042 PaC02 + 1.25 C.A.T. 

tion probably reflects different parts of the blood pool 'included' by 
different methods .since the slopes of the linear relationships are in 
excellent agreement. 1t is estimated that blood volume is distributed 
in the circulatory bed in the following percentages: veins 60-70%, 
arteries 20-30% and capillaries 10%. It is therefore conceivable that 
major superficial veins excluded from the calculation by the C.A.T. 
methods and the fluorescence method (4) may account for much of the 
variation. We have to date determined the mean rCBV of the scanned 
slice for four Rhesus monkeys as a function of arterial pC02 . The data 
obtained for 15 determinations is shown in Table 5 and Figure 3. The 
values in the current experiment are consistent with previous data. 
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Table 5. 

Monkey PaC02* rCBV 
(mm Hg) (ml/l00 g) 

25 2.18 
28 2.17 

2 38 2.79 
38 2.71 
55 3.64 
53 3.50 
67 4.21 
71 4.00 

3 41 2.93 
48 3.08 
25 2.35 
20 2.20 

4 42 2.87 
42 2.98 
68 4.68 

Of interest iS the fact that the value measured for the whole hemi
sphere by transmission C.A.T. occupies a median position between the 
range of CBV values. The slope of the response of the CBV to changes 
in PaC02 shows a high degree of similarity between the different meth
ods of measurement. 

In the current work the same animal was studied by emission C.A.T. and 
transmission C.A.T. Both methods have a high regionality. The resolu
tion of emission C.A.T. is much lower (picture element = 10 mm) than 
transmission C.A.T. (picture element = 1.5 mm). Because of the small 
size of the monkey's brain it was not possible to obtain regional val
ues by emission C.A.T. This however can be obtained in human subjects. 

Although both methods utilise computer reconstruction imaging, there 
is a fundamental difference between emission and transmission C.A.T. 
in measuring CBV. The blood label in emission C.A.T. is a red cell 
label (carboxyhaemoglobin). It is therefore bound to the blood space. 
The tracer (iodine) used in CBV measurement by transmission C.A.T. is 
a plasma tracer. The second part of this experimental work was designed 
to validate its use as a blood indicator. As shown in the last column 
in Table 3, the brain differed from other organs in that the ratio be
tween 125 1 space and 51Cr space was close to unity. This finding is 
an expression of the function of the blood-brain barrier. These ob
servations are in agreement with those of PHELPS et al. (4), who found 
that similar values of CBV were obtained by iodine fluorescence in 
life and 51Cr activity measured in brain and blood when the animal was 
sacrified. ZILKHA et al. (7) described computer subtraction in conjunc
tion with C.A.T. in order to expedite the computation of rCBV in sev-
er al regions in man. They found that va lues in the frontal and temporal 
regions were lower than the mean hemisphere value (4.9 ± 0.7) and higher 
in the occipital region. The left hemisphere showed a higher CBV than 
the right. 

It seems, therefore, that CBV in the normal brain with intact function 
of the blood-brain barrier lends itself to measurement by C.A.T. The 
measurements made in pathological conditions have to be analysed with 
extreme caution due to the possible presence of iodine in the extra-
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vascular space. GADO et al. (2) have found that measurements made 
with transmission C.A.T. in patients with tumours have yielded in some 
instances values that are unrealistically high such as 130% due to 
extravascular egress of iodine. They also found similar observations 
in tumours removed surgically from patients whose blood had been tag
ged with 51Cr-labelled RBC s and in whom a plasma label R125 1SA was in
jected at the time of surgery. They found that high tissue/blood ratios 
of iodine obtained by C.A.T. in those patients corresponded more with 
the R125 1SA values than the 51Cr values, the latter being more indica
tive of the blood volume of the tumour. They concluded by drawing an 
analogy between the phenomenon of contrast enhancement on C.A.T. and 
increased uptake of radionuclide activity by lesions with defective 
blood-tissue barrier. 

The experimental model presented here is a method by which it will be 
possible to evaluate with certainty the validity of the use of iodinated 
contrast material as a blood tracer for CBV measurements by C.A.T. The 
effect of the dose of contrast material on the accuracy of the method 
can also be evaluated. 

Conclusions 

Measurements of mean rCBV of the hemisphere of Rhesus monkey brain 
were made by computerised transmission tomography (C.A.T.) using io
dinated contrast material and compared with measurements made on the 
same animal by P.E.T.T. The response of RCBV to PaC02 changes, as mea
sured by C.A.T. was in the same direction as that measured by P.E.T.T. 
The model represents a method for evaluation of the reliability of 
C.A.T. with iodinated contrast material for haemodynamic studies. 
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Measurements: Physical Considerations 

Electron Density and Atomic N umber Determination -
Methods, Limitations and a Study of Colloid Cysts 
I. Isherwood*, R. A. Rutherford**, and F. A. Strang*** 

Introduction 

EMI scanners are capable of precise measurements of the attenuation 
coefficient of small elements of tissue in vive at X-ray voltages rang
ing from 100 kVp to 140 kVp. Substances of which the densities differ 
by 1 part in 1000 can be differentiated (3, 6). 

The linear attenuation coefficient, ~, of a substance depends on 

1. Effective number of atoms per unit volume, N*. 
2. Effective atomic number, Z*. 
3. Effective energy of X-ray beam employed, E*. 

The effective number of electrons per unit volume, N*Z*, is the effec
tive electron density and is very nearly equal to the real electron 
density of the material. 

Despite the polychromatic nature of the X-ray beam, the computer al
gorithm implemented by the machine calculates attenuation values that 
relate linearly to the linear attenuation coefficient of the material 
at particular energies, i.e. 62 keV for the 100 kVp beam, 70 keV for 
the 120 kVp beam and 74 keV for the 140 kVp beam (6) (Fig. 1). 

A mathematical relationship can be obtained between ~, N* and Z* in
corporating the effective energy E*. 

Attenuation coefficients can be measured at two different beam energies 
and from such da ta it is possible to obtain separate measurements of 
electron density and effective atomic number of materials. 

The validity of the method has been checked by comparing measured ef
fective atomic number, Z*, and effective electron density, N*Z*, with 
similar values calculated from known composition of material (7) (Fig. 
2). A mean variation between actual and predicted values of atomic 
number, Z, was less than 1%. 

The feasibility of extracting mean atomic number and electron density 
in the clinical situation has previously been investigated (7). In 
order to reduce noise, values of EMI number have been obtained by aver
aging over 25 elements progressively across the scan. Electron density 
determined in this way is accurate to 0.5% and the effective atomic 
number accurate to 3%. This disparity is due to the fact that at the 
beam energies currently employed the dominant inter action is Compton 
scattering which is an interaction between X-rays and electrons and 
which therefore depends very little on the type of atom present. 

*Department of Diagnostic Radiology, University of Manchester. 
**Department of Medical Biophysics, University of Manchester. 
***Department of Neurological Surgery, University of Manchester. 
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Relevance of Electron Density and Effective Atomic Number Measurement 

Certain questions need to be considered if the measurement of Z* and 
N*Z* is to prove a worthwile application of computerised tomography. 

(A) Physical 
1. How accurately can N* and Z* be measured? 
2. With what precision can N* and Z* be measured? 

(B) Clinical. 
3. Can an accurate measurement of N* and Z* to the precision currently 
attainable detect the small chemical changes which may accompany di
sease? 
4. Will a measurement of N* and Z* affect clinical management? 

Accuracy 

Accurate measurements of Z* should be produced by accurate measurements 
of ~, the linear attenuation coefficient of the material under investi
gation at two distinct energies. It is essential, therefore, that an 
accurate correction for the fact that the X-ray beam is polychromatic 
can be made (1, 3). An accurate correction appears to have been im
plemented in the EMI brain scanner programme (7). 

Information needed to calculate Z* is to be derived from the change 
in attenuation values when X-ray beam energy is changed from 100 kVp 
to 140 kVp. This difference is small. The measurement of Z* is there
fore extremely sensitive to errors in the measurement of ~.·Such errors 
may arise due to: 

1. Artefacts 
2. Patient movement 
3. Patient position in sequential scans 
4. Position of material within the depth of a C.A.T. section 

Precision 

It has already been shown that if the 100 kVp and 140 kVp beams are 
employed, Z* may be measured to aprecision of about 3% (± 0.2) for 
a 25 element region, or 5% (± 0.1) for a 100-element region (7). 

Precision can be improved by employing beam energies that are further 
apart. Measurement of Z* to 1 part in 400 (± 0.02) for a 25 element 
region may be achieved by use of beam energies of 40 keV and 80 keV 
provided that an accurate correction for the polychromaticity of the 
beam can be made at these energies (8). 

Chemical Change in Disease 

It is important to recognise that electron density, N*Z*, and effec
tive atomic number, Z*, are measures of me an composition of material. 
This is so whether the material is contained within 1 or 25 elements. 

A number of factors may influence the effective atomic number, Z*. The 
effect of different concentrations of various atoms on Z* has been 
modelled. The assumption has been made that atoms are added to water 
and that the concentration of water molecules remains unchanged (Fig. 
3). The concentrations of those atoms which might be detected if z* 
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Table 1. The limits of detection if z* can be measured to ± 0.1 

Element 

Sodium 
Potassium 
Calcium 
Iron 
Copper 
Krypton 
Iodine 

Concentration mg/mI 

19.9 
2.6 
2.0 
0.93 
0.69 
0.42 
0.11 

could be measured to a prec~s~on of ± 0.1 are considered in Table 1. 
It is clear that concentrations of atoms below the limits considered 
would not produce a measurable change in Z*. 

Higher atomic number materials, as might be expected, are more readily 
detectable. It is known that the administration of iodine to the vas
cular system will raise the average attenuation level of blood by 12-15 
Hounsfield units per 1 mg/ml increase in iodine concentration at 120 
kVp (5). If a change in Z* is due solely to the presence of iodine or 
other high atomic number element it should be possible to estimate the 
amount of such an element in tissue with accuracy and precision. This 
is not usually the case - both normal and pathological tissue contain 
a variety of elements, many of which are of low atomic number. The 
mean Z* will be affected by the relative proportions of high and low 
atomic number elements. Subtle changes may therefore be difficult to 
detect. 

Clinical Management 

There is no doubt that C.A.T. scanning of the brain has significantly 
affected clinical management by visual demonstration of density differ
ences to be found in normal brain and pathological processes which af
fect it. 

The role of N* and z* measurement in clinical management will need 
therefore to be in the improvement of detectability of disease, the 
more accurate differentiation of disease process or the study of bio
logical pathways. 

Colloid Cysts of the Third Ventricle 

Colloid cysts comprise 0.55% of all intracranial tumours (4). Diagnosis 
by clinical and traditional neuroradiological methods may be difficult. 
Arecent series (10) describes 38 cases in most of which the diagnosis 
was made by conventional neuroradiological methods. In this series the 
most useful investigation was pneumography. 

The value of C.A.T. in the diagnosis of colloid cysts has been more 
recently appreciated (2, 7, 9). 

Colloid cysts of the third ventricle have a characteristic high density 
(Fig. 4). The high attenuation value has been shown to be due to an 
increased electron density rather than any contribution from high 
atomic number elements (7) (Fig. 5). 
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Material and Methods 

Twenty-three patients with colloid cysts have been investigated and 
treated in the Departments of Neuroradiology and Neurological Surgery 
in Manchester Royal Infirmary over the years 1940 to 1976. These pa
tients are the subject of aseparate clinical review (11). 

Fifteen patients (65%) were treated solely by bilateral Torkildsen's 
ventriculo-cisternostomies. Thirteen, i.e. 86% of this group, are alive 
and weIl (Table 2). Of these survivors, 12 have been located and 11 re
called for double energy C.A.T. In 9 of these patients it was possible 
to calculate the electron density and effective atomic number of the 
colloid cyst. Movement between successive scans made such calculation 
impracticable in two patients. 

Table 2. Colloid cysts: 23 patients 1940-1976. Three died before treatment 

Treatment 

Ventriculo-cisternostomy only 
- bilateral 
- unilateral 

Surgical removal 

Ventriculo-cisternostomy and 
removal 

Survivors of by-pass group = 13 (86%) 

Number 

14 
1 

3 

2 

Died 

o 

One patient (C.L.) died before treatment, and was also diagnosed by 
C.A.T. The colloid cyst subsequently removed at post-mortem was re
scanned at two beam energies and was also the subject of histological 
and chemical analysis. 

Results and Discussion 

The clinical details of 12 patients with ventriculo-cisternostomies 
and the 1 patient who died be fore treatment are contained in Table 3. 

Eight patients were male and the age range at the time of operation 
was from 22 to 59 years (mean 40.4 years). 

Postoperative survival periods ranged from 1-23 years which with an 
added estimation of duration of symptoms indicated a possible tumour 
age of up to 27 years. 

The definitive diagnostic radiological procedure in the present group 
of patients was myodil ventriculography in seven (Fig. 6b), air ventri
culography in one, air encephalography in one (Fig. 6a) and C.A.T. in 
four. 

Results indicating estimated size in pixels and attenuation values at 
two energies together with electron density and effective atomic number 
estimations for colloid cysts in nine survivors and one specimen tumour 
are recorded in Table 4. 
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Table 3. 

Patient Age Sex Duration of symptoms Post-operative Definitive 
( 1976) pre-operative survival radiological procedure 

(years) (years) 

J.K. 55 M 2 23 MV 

J.H. 53 M 5 22 MV 

A.B. 62 F 3 20 AV 

P.G. 56 M 10 days 17 MV 

H.D. 71 F 0.5 12 MV 

P.K. 40 M 1.5 8 MV 

J.E. 57 M 0.25 7 AEG 

S.H. 34 F 3 4 MV 

R.H. 55 F 0.25 4 MV 

V.S. 47 F 15 2 C.A.T. 

G.L. 53 M 2 2 C.A.T. 

C.C. 23 M 0.5 C.A.T. 

C.L. a 32 M 0.6 C.A.T. 

MV - Myodil ventriculogram, AV - Air ventriculogram, AEG - Air encephalogram, C.A.T. 
- Computerised axial tomography 

aExcised specimen. 

Table 4. 

Patient Size EMI No. EMI No. Mean electron Mean effecti ve 
(pixels) 100 kV 140 kV density atomic number 

mean ± S.E. mean ± S.E. (± 0.01) 1023 (z*) (± 0.1) 

J.K. 44 19.7 ± 0.6 17.9 ± 0.5 3.461 7.40 

J.H. 62 31.0 ± 0.4 26.8 ± 0.4 3.495 7.68 

A.B. 146 43.3 ± 0.7 38.3 ± 0.6 3.577 7.65 

P.G. 38 35.5 ± 1.0 31.3 ± 0.9 3.532 7.62 

H.D. 44 23.0 ± 0.6 26.3 ± 0.6 Movement 

P.K. 164 36.3 ± 0.5 33.0 ± 0.4 3.555 7.51 

J.E. 42 13.5 ± 0.4 12.0 ± 0.4 3.409 7.51 

S.H. 38 32.8 ± 0.8 30.9 ± 0.7 3.553 7.37 

V.S. 135 37.0 ± 0.6 34.5 ± 0.6 3.575 7.41 

G.L. 77 32,8 ± 0.9 28.6 ± 0.7 Movement 

C.C. 76 28.7 ± 0.6 25.3 ± 0.4 3.492 7.60 

C.L. a 60 21.2 ± 0.6 17.8 ± 0.5 3.433 7.67 

aEXcised specimen 
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Size does not appear to have any relation to estimated age of tumour. 
An attempt was made to calculate size from the original conventional 
neuroradiological investigations but this proved to be unreliable. Sub
jective impressions do not suggest any significant change in size or 
shape in any individual patient from initial diagnosis to current C.A.T. 
scan. 

Attenuation values of colloid cysts in 11 patients and 1 post-mortem 
specimen range from 13.5 to 43.3 (mean 29.56) at 100 kVp and 12.0 to 
38.3 (mean 26.89) at 140 kVp. 

Electron density of 12 colloid cysts expressed as a function of atten
uation value at 140 kVp demonstrates a consistent relationship between 
the two. Effective atomic number, however, has no relationship (Fig. 
7) • 

Chemical analysis of the excised colloid cyst specimen is given in 
Table 5. There was no evidence of high atomic number material within 
the cyst. Histological analysis confirmed the nature of the lesion. 

Table 5. Chemical analysis 

Water 88.7 % 
Carbon 5.6 % 
Nitrogen 1. 41% 
Hydrogen 0.78% 

Sodium 
Chlorine 

3-4% 
Potassium 
Oxygen 

Iodine nil 
Calcium nil 

The colloid cyst of one patient (C.C.) was not detected at the initial 
C.A.T. examination. Dilatation of the ventricular system was noted. 
The lesion was readily identified 2 weeks after bilateral Torkildsen's 
ventriculo-cisternostomy (Fig. 8). The explanation for this phenomenon 
is almost certainly that the initial sections were not sufficiently 
low to include the tumour. The colloid cyst may itself have been dis
placed inferiorly by the dilated lateral ventricles. It is important 
to emphasise, therefore, that sections must include the suprasellar 
structures and where clinical suspicion of a colloid cyst exists with 
associated hydrocephalus, a repeat scan following ventricular drainage 
may be of value. 

The long-term survival of patients treated solely by bilateral Torkild
sen's ventriculo-cisternostomies together with the evidence that col
loid cysts do not change in size or chemical character over long per iods 
suggests that this simple surgical approach to the problem is safe and 
effective (11). 

Summary 

The feasibility of extracting electron density and effective atomic 
number measurements from tissue in vitro and in vivo has previously 
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been reported. The method requires scans to be obtained at two differ
ent beam energies. Optimisation of these energies at 40 keV and 80 keV 
could enable a variation of 1 part in 400 of effective atomic number 
to be detected. The method is subject to certain limitations related 
to accuracy and sensitivity. The effect of varying the concentrations 
of certain atoms has been modelled, demonstrating the limits below 
which variation in effective atomic number is unlikely to be detectable. 

Aseries of 12 patients with colloid cysts has been considered. All 
were treated by bilateral ventriculo-cisternostomy from 1-23 years ago. 
Nine of these patients and the colloid cyst of one additional patient 
who died be fore treatment could be instituted have been subjected to 
double-energy scanning. The results suggest that the high attenuation 
values observed in colloid cysts are due to increased electron density 
and not to any increase in high atomic number elements. The cysts do 
not appear to change in size or content over long periods. 
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a b 

Fig. 6a and b. Colloid cysts demonstrated by (a) air encephalogram - sagittal tomo
gram. (b) Myodil ventriculogram 
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a b 

Fig. 8a and b . C.A.T. scan (patient C.C.). (a) Before and (b) after ventricular 
drainage 



Bone Mineral Estimation Employing Computer Assisted 
Transverse Axial Tomography - A Preliminary Study 
I. Isherwood*, B. R. Pullan**, R. A. Rutherford**, and P. H. Adams*** 

Introduction 

The skeleton is a dynamic tissue, continually reconstituted and remodel
led by bone resorption and reformation. A net loss in total bone mass 
occurs with advancing years (19) and bone loss occurs in all women 
after the menopause (2, 21). There is almost certainly great individual 
variation in the rate of such loss and the development of osteoporosis 
(21). The importance of the recognition of bone loss lies in the pre
vention of those fractures which occur at sites containing predominantly 
trabecular bone (18), namely vertebral bodies, the femoral neck and 
the wrist. 

The management of patients with metabolic bone disorders would be facil
itated if a technique capable of making serial measurements of mineral 
content in those skeletal sites containing trabecular bone with pre
cision and reproducibility were available (5). 

An ideal method would be non-invasive and allow: 

1. Separate measurement of bone mass and bone mineral in both trabecular 
and cortical bone 

2. Measurement in critical skeletal sites, in particular the vertebral 
bodies 

3. Measurement independent of individual bone shape and size variation 
and independent of extrinsic and intrinsic "soft tissue", notably fat. 

Clinical methods of evaluating patients with metabolic bone diseases 
are available ranging from external metabolic balance studies to bone 
biopsy. All provide useful information, but all have limitations. 

The application of quantitative bone measurement in the study of metab
olic bone disorders is well recognised, and many techniques are avail
able. They vary widely in accuracy and precision. 

Measurement by non-invasive technique is currently achieved by: 

1. Neutron activation analysis 

2. Interaction of bone with electro-magnetic radiation, either X- or 
garnrna-rays 

Neutron activation analysis is the only available method for the direct 
measurement of total skeletal calcium (8). 

*Department of Neuroradiology, Manchester Royal Infirmary. 
** Department of Medical Biophysics, Univesity of Manchester. 
* * * Department of Medicine, Manchester Royal Infirmary. 
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Methods employing X- or gamma-rays depend upon direct measurement of 
the linear attenuation coefficient of material during sampling at one 
or more skeletal sites. The attenuation coefficient can be related to 
bone mass and bone mineral. 

The simplest techniques require direct measurements from radiographs 
either by morphological measurement or densitometry (4, 10, 11, 14, 
20, 28). These methods have been employed extensively but may be sub
ject to considerable inter- and intra-observer error (1). 

Absorptiometrie mineral determination employing gamma rays, i.e., mono
chromatic photon radiation, together with appropriate scintillation
counting detectors, is a more sensitive technique (6, 23). This method, 
whilst free of the errors due to variation in X-ray tube output and 
film emulsion, has a reproducibility of the order of 2-5% due to sta
tistical fluctuations and repositioning errors. Precision as high as 
2% has however been claimed (27, 29). 

Techniques employing an X-ray source and crystal detection devices have 
been employed (3, 13). An additional detector to monitor the tube out
put permits tube fluctuation errors to be compensated. Radiation fluxes 
are higher than those obtained with an isotope source, with consequent 
reduction in statistical fluctuation errors. The reproducibility of 
this method is claimed to be 2%. 

The disadvantages of all these methods are twofold: 

1. They do not differentiate between cortical and trabecular bone min
eral content. 

2. They are influenced by adipose tissue both within the bone and sub
cutaneously (30, 31). 

Methods developed by GARNETT et al. (12), CLARKE and VAN DYKE (7) and 
OLKKONEN and KARJALAINEN (22) utilise the measurements of both trans
mitted and scattered photons from a gamma-ray source to obtain a measure 
of electron density within a small volume of bone at a particular loca
tion. Bone density within the trabecular space has then been determined. 
The reproducibility of in vivo measurement is uncertain. The method 
may not be a sensitive indicator of mineral content in the trabecular 
space. 

Computerised transverse axial tomography (C.A.T.) allows measurement 
of the distribution of attenuation coefficients within the cross-sec
tion of an object (15). The attenuation coefficients in a cross-section 
of known thickness are computed from a set of X-ray transmission measure
ments using an X-ray source and detector system. The method has been 
widely employed in the investigation of brain abnormalities and has 
been used in our own clinic to investigate more than 6000 patients with 
neurological disorders. Computation of the derived data from the EMI 
brain machine enables 25,600 absorption values of material to be ob
tained within each slice usually 8 mm or 13 mm in depth. The absorption 
values are presented on a 160 x 160 matrix of 25,000 picture elements 
(pixels). The numerical values of these picture elements indicate mean 
attenuation coefficient of material for a volume of tissue (voxel) of 
1.5 x 1.5 x 13 mm. 

The accuracy and precision of the measurement capability of the method 
has been investigated. Variations of density of one part in 1000 and 
variations in atomic number of.one part in 400 are just detectable for 
volumes of tissue approximately 1 cubic centimetre (24). 
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Material and Methods 

A simple modification to the EMI brain scanner has been produced which 
has enabled cross sections of the fore arm to be obtained and the re
markable precision of the reconstruction method to be exploited (16, 
17) • 

A tank was constructed in perspex (Fig. 1) and then inserted into the 
headbox assembly of the scanner. The tank contained a hand grip and 
three sampIe solutions of calcium chloride. The latter were of known 
attenuation coefficient to enable the X-ray tube characteristics to 
be monitored. The tank was filled with water, air bubbles removed and 
the subject under investigation asked to grip the perspex bar at the 
end of the tank. The forearm then rested ~long the floor of the tank. 
A marker was placed on the forearm prior to immersion in the tank. 
This marker indicated the position of the ulnar styloid and allowed 
external reference to the plane of cross-section. 

Two simultaneous contiguous cross-sectional scans were obtained of 
the fore arm 1.3 cm proximal to the ulnar styloid employing a 13-mm 
collimator at 100 kVp and 60 mA and 140 kVP and 28 mA. These energies 
were selected to enable atomic number determinations to be obtained 
in the hope that bone mineral changes could be distinguished from bone 
mass changes (25). 

Four groups of measurements were obtained: 

1. Cadaver fore arm 
2. Repeated measurements on a male volunteer 
3. Postmenopausal female volunteers 
4. Young adult male medical student volunteers 

Computational Methods 

A matrix of numbers can be printed out from which the distribution of 
attenuation coefficients can be deduced (25) (Fig. 2) or presented by 
analogue conversion as a grey-scale picture (Fig. 3). 

An important feature of analysis depends upon an accurate definition 
of bone edge. No threshold value of attenuation ooefficient can be de
termined below which bone can be excluded with certainty because of 
the partial volume effect within the voxel of tissue close to the bone 
edge. Hence a set of thresholds were determined above which values were 
known to correspond to bone, i.e. 20, 40, 60 and 80 units. The sum of 
all attenuation values above these thresholds in the region of the 
bone was then taken and a linear extrapolation carried out to determine 
the projected sum of attenuation values at zero threshold (Fig. 4). 

The sum of attenuation va lues so obtained was used as the measure of 
bone mineral content. 

A measure of trabecular bone content was determined by obtaining the 
sum of a 4 x 4 matrix of values at the centre of the trabecular space. 

Transformation and interpolation of the rectangular matrix onto apolar 
system of co-ordinates whose origin is the approximate centre of the 
bone (Fig. 5) has enabled additional parameters, including volume, 
thickness of bone cortex and mean radius of bone, to be obtained. If 
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h is a maximum absorption value at a particular region of the cortex, 
the inner boundary of the cortex was defined as the contour of values 
equal to 3 h/4 which was always above values corresponding to trabe
cular space. The outer boundary of the cortex was defined as the con
tour of values equal to h/2. The thickness of cortex was then the mean 
distance between these two contours. Volume was defined as the number 
of voxels contained within a cylinder enclosed by the two contours. 
The radius of bone was defined as the mean distance in matrix units 
of the contours from the origin. 

Results 

The results from the four groups of measurements are given in Tables 
1-4. 

Table 1. Repeat bone measurements on a cadaver arm 

Scan No. Sum of EMI No. Volume of cortex Thickness of cortex Radius of bone 
within bone (voxels) (matrix units) (matrix units) 

1 41440 54.44 2.65 3.22 
2 41378 54.78 2.64 3.23 
3 41430 54.70 2.64 3.24 
4 41247 54.49 2.58 3.32 

Mean 41374 ± 91 54.60 ± 0.2 2.63 ± 0.03 3.25 ± 0.04 

Table 2a. Repeat bone measurements on a volunteer with a peak tube voltage of 100 kV 

Scan No. Sum of EMI No. Volume of cortex Thickness of cortex Radius of bone 
within bone (voxels) (matrix units) (matrix units) 

25990 54.49 3.29 2.61 
2 26900 54.36 3.32 2.60 
3 26890 59.62 3.53 2.68 
4 26335 48.01 4.79 2.06 
5 27300 62.32 3.73 2.67 

Mean 26683 ± 518 55.76 ± 5.5 3.73 ± 0.62 2.52 ± 0.26 

Table 2b. Repeat bone measurements on a volunteer with a peak tube voltage of 140 kV 

Scan No. Sum of EMI No. Volume of cortex Thickness of cortex Radius of bone 
within bone (voxels) (matrix units) (matrix units) 

1 19815 54.61 3.26 2.65 
2 19815 56.18 3.57 2.49 
3 20225 65.46 3.65 2.83 
4 19885 53.92 3.27 2.59 
5 20535 59.93 3.67 2.64 

Mean 20055 ± 317 58.02 ± 4.8 3.48 ± 0.21 2.64 ± 0.12 

The reproducibility of the measurement of bone mass in the cadaver arm 
is about 0.2%. This represents the reproducibility of the technique for 
a situation in which the bone is in exactly the same position for each 
scan. 
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Table 3. Bane measurements on a group of post-menopausal females 

Subject Age Sum of EMI No. within bane Mean EMI No. within a region 
of trabecular bane 

100 kV 140 kV 100 kV 140 kV 

H.W. 63 15930 13600 4.7 -20.1 
W. 70 12209 10878 8.5 9.4 
P. 68 12273 10155 36.3 25.8 
M.W. 65 13201 13433 61.9 57.2 
Q. 69 15555 12139 15.6 2.3 

Mean 67 13834 ± 801 12041 ± 681 25.4 ± 10.6 14.9 ± 12.9 

Table 4. Bane measurements on a group of young male students 

Subject Age Sum of EMI No. within bane Mean EMI No. within a region 
of trabecular bane 

100 kV 140 kV 100 kV 140 kV 

M.J. 20 15608 15033 89.8 67.5 
M.S. 20 18083 13865 57.2 44.4 
R.C. 21 28180 21394 36.3 24.0 
P.B. 21 14789 12367 84.1 57.9 
R.P. 21 25394 19406 94.3 70.1 

Mean 20.6 20411 ± 2695 16413 ± 1711 72.3 ± 11.1 52.8 ± 8.5 

Repositioning introduces the most significant error, as illustrated 
in Tables 2a and b. Five scans on a volunteer obtained over aperiod 
of 7 days show a reproducibility at 100 kV of about 2% and at 140 kV 
of 1.4%. The difference between these reproducibilities is not statis
tically significant. The reproducibilities of the other parameters, 
namely cortical volume, cortical thickness and bone radius are approx
imately 7%, 5% and 4% respectively. The usefulness of these parameters 
is uncertain at present. 

The results shown in Tables 3 and 4 are illustrated in Figures 6a and 
b. The difference between the means of the 'total bone' measurement of 
each group is significant at p = 0.03 for both 100 kV and 140 kV. The 
difference between the means of the trabecular bone measurement is 
significant at p = 0.01 at 100 kV and p = 0.02 at 140 kV. 

Discussion 

Preliminary studies obtained by C.A.T. suggest that the method has 
not only the capability to produce a cross-section of trabecular struc
ture in the distal radius but has notably increased precision of measure
ment compared with other methods. Trabecular bone changes much more 
rapidly with age than total or cortical bone. The EMI scanning approach 
to bone densitometry has therefore the dual advantages of very high 
precision and an ability to measure that part of the bone which will 
change most rapidly with age or disease. Potential reproducibility 
within the limitations of this preliminary study was good and it was 
certainly possible to demonstrate a significant difference between 
mineral content of trabecular bone in a group of elderly ladies and 
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young male students. The positioning technique was simple but not ideal 
and improvements in this aspect should lead to reproducibilities close 
to those obtained in cadaver arm. 

The mineral content of distal radius and ulna even when obtained with 
accuracy and precision may not necessarily reflect the bone mineral 
content of those skeletal sites with higher proportions of trabecular 
bone, notably the vertebral bodies (9, 26). Now that C.A.T. is avail
able for the whole body it may be possible to employ the accuracy and 
precision of the technique not only to shed further light on this sub
ject but also for the first time directly to make observations con
cerning trabecular bone in the vertebral bodies. 

Summary 

By minor modification of an EMI brain scanner C.A.T. has been utilised 
to determine measurements of bone mineral content in distal radius and 
ulna. Such measurements are possible, independent of subcutaneous adi
pose tissue and irrespective of bone contour. 

Preliminary studies suggest that the accuracy and precision justify 
further longitudinal studies in the exploration of trabecular bone with
in vertebral bodies by whole body C.A.T. 
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Fig. l a and b . A perspex wat er ta nk for i nse r tion i n t o t he EMI head box assernbly 
enabling c r os s sec t ions of the f or ea r m t o be ob t a ined 
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The Physical Performance of a Prototype CT5000 EMI Body 
Scanner 
R. A. Rutherford*, B. R. Pullan*, and I. Isherwood** 

Introduction 

It has been pointed out by various authors (1, 2, 4) that there exists 
a trade-off between three of the parameters usually used to describe 
the diagnostic quality of a C.A.T. scan. 

These are: 

1. The radiation dose 
2. The spatial resolution 
3. The noise levels in the reconstructed picture. 

The relationship between these parameters can be described crudely as: 

Dose Cl 
(Signal to noise)2 

(Resolution) 3 

The term 'resolution', referred to in the above trade-off equation, 
is the smallest possible resolution achievable for objects of high 
contrast. This is normally set by the size of the matrix element (pixel) 
for which values of absorption coefficient are calculated. 

Measurements of radiation dose, spatial resolution and noise levels 
have been made for a prototype EMI CT5000 scanner, currently installed 
in the Department of Diagnostic Radiology at the University of Manches
ter, to determine the type of trade-off that has been implemented. It 
is important to be clear that these results are for a particular proto
type machine and may not reflect the performance of production machines 
or other prototype machines. 

In addition to these measurements, an assessment has been made of: 

4. The long-term reliability of the EMI numbers calculated by the al
gorithm 

5. The efficacy of carrying out C.A.T. brain scans on the CT5000 body 
machine rather than on the CT1000 brain machine 

*Department of Medical Biophysics, University of Manchester. 
**Department of Diagnostic Radiology, University of Manchester. 
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Dose 

Material and Methods 

The CT5000 can be used to scan objects of 13 in. or 10 in. diameter 
depending on the mode of scanning chosen. The dose to the skin admin
istered by these two modes was assessed using a Vibron Electrometer 
with a 0.6 cc thimble chamber. The chamber was positioned at the cir
cumference of a cylindrical container of water (13 in. or 10 in. dia
meter) which was placed in the patient support. The chamber was ir
radiated by allowing the X-ray tube to traverse and index around the 
water cylinder as it would in anormal scan of 20 s duration. The mea
surement was repeated by scanning in the reverse direction. The whole 
procedure was repeated for a variety of positions of the chamber around 
the circumference of the cylinder. 

The effect of taking multiple slices was investigated using a thermo
luminescent powder, lithium fluoride. Small capsules of the powder 
were positioned at 1-centimetre intervals along a thin perspex rod 
which was attached at right angles to one end of and along the axis 
of the 13 in. cylinder. 

The cylinder was positioned in the patient support so that the first 
capsule was at the centre of the X-ray beam. Without changing the posi
tion of the cylinder, 50 slow scans were carried out. The equipment 
that was available for processing the LiF sampIes necessitated this 
number of scans. The scans were carried out without being processed 
by the computer. 

Results 

Figures 1 and 2 show the variation of skin dose as a function of posi
tion around the circumference of the water cylinders. The distance of 
a point from the origin represents the dose in these polar diagrams. 
The maximum skin doses measured were 2.7 rads (13 in. scan) and 4.2 
rads (10 in. scan). 

These values were obtained for: 

Fast Scan (20 s) 

A slow scan (approximately 80 s) will produce doses that are approx
imately four times higher. 

A Single Slice 

Multiple slice studies, discussed below, can give rise to larger doses. 

Figure 3 is a graph of the dose along the axis of the 13 in. cylinder 
as a function of the distance from the centre of the section and shows 
how the irradiation of a slice affects neighbouring areas of tissue. 

It can easily be shown that if a set of nine scans is carried out at 
one centimetre intervals, then the dose to the central slice is about 
4.8 times the dose of a single slice. 

A slight difference in the doses measured for clockwise and anti-clock
wise scans was observed. 
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Discussion 

The scanning motion of the X-ray tube results in maximum skin doses 
on the side of a patient which faces the X-ray tube. The opposite side 
receives less dose because of the shielding effect of the patien~s own 
body. If mechanical problems can be overcome, it would seem advisable 
to ar range for the X-ray tube to index underneath the patient so that 
the radiation dose can be minimised to critical areas such as the or
bits and gonads. The alternative to this is to scan certain patients 
in a prone position but this is obviously undersirable from the pa
tient's point of view. 

The pile-up factor of 4.8 for nine scans is large and is probably due 
to poor design of the collimator that is currently installed. The pile
up can probably be reduced by a factor of two by better collimator 
design. 

It should still be noted, however, that aseries of slow 10 in. scans 
on a suitably modified machine could build up X-ray doses of up to 80 
rads if scans are repeated with contrast medium present. Such aseries 
of scans should therefore be carried out with caution and after some 
assessment of the likely benefits. 

Spatial Resolution 

Materials and Methods 

The spatial resolution was assessed by scanning wires at different po
sitions within the phantom. Precautions were taken to ensure that the 
wires were perpendicular to the plane of the section. The size of the 
wires was such that they occupied only a fraction of one pixel. 

The method for extracting the impulse response of the scanner was sim
ilar to that described previously (5) except that the position of the 
wire was assessed by taking the 'centre of gravity' of the 3 x 3 matrix 
of numbers surrounding the highest value. 

The response along the axis of the scanner was measured using a method 
described previously (5). 

Results 

Figure 4a shows the averaged impulse responses for the 13 in. and 10 
in. scanning modes. The EMI value of a particular pixel is plotted as 
a function of its distance from the wire. 

Figure 4b shows the response along the axis of the scanner at both the 
centre and edge of the field of view. 

Discussion 

The spatial resolution measured in this way is, within experimental 
error, equal to that expected from the size of the matrix. Changing 
from the 13 in. to the 10 in. scanning mode definitely results in an 
improvement in high contrast resolution. 



To avoid regions of reduced sensitivity Figure 4b indicates that scans 
should be spaced at approximately 1 cm intervals. 

Noise 

Methods and Results 

Fast and slow scans were carried out on the 13 in. and 10 in. water 
cylinders. The noise level was taken to be the standard deviation of 
the EMI numbers within a 20 x 20 box at the centre of the matrix. 

The results are given in Table 1: 

Table 1. 

Scan type Standard deviation 

13 in. normal 9.12 ± 0.33 
13 in. slow 4.83 ± 0.17 
10 in. normal 5.81 ± 0.21 
10 in. slow 3.10 ± 0.11 

Discussion 

The results in Table 1 show the noise levels obtained with each scan
ning mode. 

A slow scan takes 4 times longer than a fast scan (3.5 times if the 
slow scan is reduced to 70 s as on current production machines) . The 
number of photons contributing to a particular transmission measure
ment therefore increases by a factor of four and one would expect from 
the theory of three-dimensional reconstruction that the noise in a slow 
scan would be reduced by a factor of two. 

The experimental results support this theory and suggest that most of 
the noise in the reconstructed picture is due to the random fluctuations 
in the number of detected photons. 

Long-Term Reliability of the EMI Numbers 

Method and Results 

The radiographers operating the CT5000 machine were asked to include 
in as many sections as they could, a small bottle containing distilled 
water. A numerical print out was obtained for the region containing the 
bottle and the mean EMI number calculated for a 10 x 10 box at the 
centre of the water sample. 

The variation of EMI number obtained for water is shown in Figure 5. 
The numbers labelling the X-axis indicate the patient code number and 
the date of the scan. 
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Discussion 

The variation in the EMI value is clearly larger than one would expect 
from the random fluctuations in the imaging process. 

The errors could be due to a nurnber of factors: 

1. The patient may be larger than the 13 in. for which the computer 
calculates values. 

2. Over-ranging saturates the detectors and leads to the inaccurate 
measurement of projection values. 

3. The polychromatic correction may be inadequate. 

4. Assorted errors too numerous tö mention. 

Unless the reliability of the EMI nurnbers can be increased, precise 
quantitative work such as that described by RUTHERFORD et al. (6) will 
not be possible. 

Brain Scans on the CT5000 

Materials and Methods 

The phantom used to assess the quality of brain scans on the body ma
chine is illustrated in Figure 6. The five cylindrical samples had 
densities ranging from 2 parts in 1000 less than water to 2 parts in 
1000 greater than water. The phantom 'skull' consisted of three layers 
of simulated skull of thicknesses 3 rnrn, 8 rnrn and 11 mm and was filled 
with water. 

This phantom was scanned by the CT5000 (slow and fast scan modes) and 
also by the CT1000 brain machine currently installed in the Department 
of Neuroradiology at Manchester Royal Infirmary. 

The phantom was scanned at each skull thickness and a numerical print
out obtained for each scan. 

The accuracy of the polychromatic correction was assessed and a value 
for the signal to noise ratio obtained for each scan type. The latter 
was defined as the difference between the EMI nurnber of the most dense 
and least dense cylinder divided by the uncertainty in that difference. 

Results 

Figures 7, 8, 9 show the scans obtained. Each picture has been photo
graphed at the same settings, namely: window level = 9 units, window 
width = 50 units. 

Figures 10 and 11 demonstrate the distortion in the reconstructed values 
due to the presence of skull. The EMI values for the water are plotted 
as a function of distance from the skull edge. Clearly the CT1000 
(with water box) achieves a better 'spectral' correction. 

The signal to noise levels for each scan type are given in Table 2: 
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Table 2. 

Scan type 

Brain machine 

Body machine normal 
10 in. 

Body machine slow 
10 in. 

Skull 

3mm 
8 mm 

llmm 

3mm 
8mm 

11 mm 

3mm 
8 mm 

llmm 

thickness Signal to noise 

18.6 
13.2 
12.4 

10.9 
8.6 
6.8 

17.0 
12.6 
15.8 

It can be seen that the signal to noise levels for the brain machine 
can only be matched by the 10 in. slow scan on the CT5000. 

Discussion 

If a comprehensive theory of visual detection and recognition were 
available, it would be possible to describe the quality of an image 
purely in physical terms such as resolution and noise levels and to 
use these to assess the relative quality of two image forming methods. 
Even though such a theory does not exist, it is possible to compare 
the CT5000 and the CT1000 by generating ROC curves by means of a psycho
physical experiment (3). 

This study has not yet been carried out, but certain points can al
ready be made. 

There is little evidence at present to suggest that abnormalities in 
the soft tissue of the brain can be seen more clearly on the 320 x 320 
matrix. GODFREY HOUNSFIELD himself has suggested that 160 x 160 may 
be the ideal matrix size for scanning the head (1). 

The sample cylinders may seem more sharply defined on the CT5000 scans 
than on the CT1000 scans due to the increased resolution, but tumours 
and other soft-tissue abnormalities do not have sharp edges and so the 
ability to detect them is not likely to be enhanced by high resolution 
studies. 

The penalty for higher resolution is, according to the trade-off equa
tion, either a higher patient dose or a lower signal-to-noise ratio 
or both. A slow 10 in. scan produced on the CT5000 has a signal-to
noise ratio comparable to that of the CT1000 brain machine, but at a 
cost of an eightfold increase in patient dose. Figures 12 and 13 show 
examples of comparable brain sections taken with these two scanning 
modes to show that even this eightfold increase in patient dose may 
not produce pictures of as good diagnostic quality as those of the 
CT1000. 

Until 160 x 160 brain sections can be produced optimallyon the CT5000, 
it would seem inadvisable to use the machine for scanning heads. The 
diagnostic·quality per unit radiation dose seem too low. 

This highlights the need for a CT scanner which is sufficiently flexible 
to allow optimum scanning modes to be chosen for particular clinical 
situations. 
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Conclusion 

The trade-off equation is fundamental to the design of C.A.T. scanners. 

The higher resolution scans obtained by the CT5000 are formed at the 
expense of higher radiation dose and lower signal to noise ratios, 
and for slow 10 in. scans of the head the radiation dose may be in
tolerably high. 

It remains to be seen whether the diagnostic quality of the images 
produced by the CT5000 justifies the higher radiation dose to the pa
tient. 

An improved collimator, recently intalled on the Manchester CT5000 
scanner, has resulted in significantly lower skin doses for single 
slice scans and also significantly smaller pile-up factors for multiple 
slice scans. 
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The Body Scanner in N eurological Disease 

The Total Body Scanner in N eurological Disease 
M. Gado, 1. Eichling, and M. Currie* 

Computerised tomography of the brain was developed in 1973. A consider
able volume of experience has accumulated during this time to allow 
evaluation of the technique in the investigation of patients with in
tracranial disease. On the other hand, total body scanning is a more 
re cent development and the experience with the technique is much more 
limited. The purpose of this communication is to su~marise our experi
ence with a prototype EMI total body scanner installed at the Mallinck
rodt Institute of Radiology for the investigation of neurological di
sease. The subject will be dealt with in two parts: (1) versatility of 
the total body scanner and its value in clinical practice and (2) a 
comparison between the prototype total body scanner and the dedicated 
head scanner in brain imaging, including analyses of the difference 
in performance of the two scanners and its effect on the brain image. 

Versatility of the Total Body Scanner 

There are two main features that distinguish the total body scanner 
from the dedicated head scanner. These are the removal of the water 
bag and the larger size of the aperture of the body scanner which can 
accomodate the torso of an adult patient. The aperture measures 17 in. 
in diameter compared to 12 in. in the dedicated head unit. As a result, 
the body scanner acquired the ability to examine parts of the body 
below the base of the skull. In patients with neurological disease, 
these parts are particularly the facial bones, the neck and the spine. 

Patients with Large Head Size 

Out of the first 8000 patients requlrlng C.A.T. of the brain in our 
institution, there were 7 whose heads were too large to fit into the 
aperture of the head scanner. There were 2 patients with Paget's disease, 
1 with aqueduct stenosis presenting in late adult life and 3 with no 
evidence of cranial or intracranial abnormality. The 7th patient had 
bilateral herniation from two craniotomy defects for subdural haematoma 
followed by brain swelling. 

Other Projections oi the Brain 

The large diameter of the aperture of the body scanner allows imaging 
of the brain with the neck hyperextended while the patient lies in the 
prone or supine position. A CT scan in a plane near to the coronal plane 
can be obtained (Fig. 1). Because of the fixed vertical position of 
the gantry of the scanner, the degree ofhyperextension necessary for 
obtaining an image in the true coronal' plane may be too uncomfortable 

*Mallinckrodt Institute of Radiology, Washington University School of Medicine, 
St. Louis, Missouri. 
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for a patient with a short of stiff neck. In these cases, a 'sub-coro
nal' scan is obtained. 

The coronal CT image pr6vides another projection of the relationship 
between alesion and the ventricular system. We believe that this pro
jection has a potential in the visualisation of lesions in the supra
sellar region although we have not had the opportunity to test it in 
alesion smaller than 3 cm in diameter. 

FaaiaZ Bones and Base 01 the SkuZZ 

We have exarnined the facial bones and the base of the skull in coronal 
and horizontal CT scans of 12 patients. In 5 of them there was no evi
dence of disease in this region and in the remaining 10 patients the 
histologically proven diagnoses were as follows: 

Nasopharyngeal angiofibroma 1 
Maxillary sinus carcinoma 2 
Nasopharyngeal carcinoma 1 
Mucocoele of the sphenoid sinus 3 

Each of the patients who had pathological lesions was examined also 
by polytomography. The facial bones were well visualised by CT (Fig. 
2) as well as by polytomography and bone destruction was equally well 
demonstrated by both techniques. The CT images were much clearer in 
delineating the tumour outline. The contrast between the soft-tissue 
shadow of the lesion and air was not as well demonstrated by polytomo
graphy. 

The SpinaZ CanaZ 

We examined the lurnbar spine in seven patients be fore myelography. The 
final diagnoses were: 

Herniated lurnbar disc 2 
Stenosis of the lurnbar spinal canal 2 
Intraspinal lipoma 1 
Cervical cord swelling 2 

We also examined the lurnbar spine in 25 CT scans done for the lower 
abdomen in patients in whom there was no evidence of compression of 
the lurnbar nerve roots. 

In none of the cases was it possible to visualise the nerve roots of 
the cauda equina. It was impossible to see any evidence of the herniated 
disc material inside the spinal canal in either of the two patients 
who showed large disc herniation with significant defects on positive 
contrast conventional myelography. In the patient with the intraspinal 
lipoma of the lurnbosacral region, the nature of the lesion was identi
fied on the C.A.T. image by the very low density of fat compared with 
the other contents of the spinal canal (Fig. 3). 

In order to evaluate the value of C.A.T. in the diagnosis of stenosis 
of the lurnbar spinal canal, we measured the sagittal and the widest 
transverse diameters of the spinal canal on the C.A.T. image. We also 
measured the area of the spinal canal using a loop calibrated to 0.1 
rnrn. Measurements of the same parameters were taken for the vertebral 
body on the same image to account for variations in patient's size. We 
then calculated the ratio between the areas of the spinal canal and 
the vertebral body and we compared these data with measurements of the 
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Table 1. C.A.T. and radiographie measurements in four patients with baekaehe and 
seiatiea 

Case No. 2 3 4 
Diagnosis Dise Herniation Narrow Canal 

a-p diameter: of eanal (mm) C.A.'r. 3 3.5 2.5 2.5 
X-ray 19 21 18 19 

Transverse diameter of canal (mm) 

C.A.T. 5.5 5.5 4.5 5.5 
X-ray 30 29 29 35 

Area of eanal (mm2 ) C.A.T. 10.5 12.5 5.5 8.5 

Area of vertebral body (mm2 ) C.A.T. 67 65 66 72.6 

Canal/body ratio (%) C.A.T. 15.7% 19% 8.3% 11.7% 

sagittal and interpedicular diameters on the plain radiographs. The 
results are shown in Table 1. The measurements of the sagittal and the 
widest transverse diameters of the spinal canal on the C.A.T. image 
corresponded to those taken from the radiographs with a minification 
factor of 6:1 on the C.A.T. image. In both patients with narrow canals 
these diameters were slightly smaller, but they were still at the lower 
limit of the normal variants. In both patients however, there was a 
significant decrease in the canal to body ratio on the C.A.T. image 
compared to the patients with disc herniation. In the 25 patients in
cluded as controls, the canal to body ratio varied from 14.2 to 22.3%. 
The mean was 17% with a standard deviation of ± 2.5. 

Disaussion 

Although the number of patients included in this series is small, the 
analysis of the data shows thatthe total body scanner has addressed 
computerised tomography to two new major areas of neuroradiological 
application: 1. The skull base and the nose and throat 2. the spinal 
canal. It has also demonstrated the potential of scanning the brain in 
different projections. 

With the use of transaxial CT alone amental process on the part of the 
vi ewer is required in order to appreciate the spatial relationships 
between anatomical structures and/or lesions in the vertical plane. 
The actual visualisation of images of the same structures in both the 
horizontal and vertical planes may facilitate the process and increase 
the level of confidence in localisation. This may prove particularly 
useful in mapping a craniotomy flap or in radiotherapy planning. 

Lesions at the base of the brain, lesions of the the skull base and 
those extending intracranially are best suited for accurate localisa
tion by the combined trans axial and vertrcal approach. 

Lesions in the region of the seI la generally fall in this category. We 
did not have the opportunity to test the value of coronal CT in small 
suprasellar lesions. We have noticed however, in the small number of 
patients examined in the coronal plane for other reasons, that the re
solution of the suprasellar cistern is impaired by reconstruction arte
facts at the interface between bone and air in the sphenoid sinus. 

The quality of the C.A.T. images of the base of the skull and the facial 
bones by the total body scanner are superior. This is due to the cap
ability of the C.A.T. body scan system to handle a wide range of varia-
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tions in X-ray attenuation and the high inherent contrast in the struc
tured examined. Polytomography has been extremely useful in the study 
of this region. In the comparison between the two techniques in this 
small number of patients, both methods yielded the same result. The 
clarity of soft tissue visualisation on the C.A.T. image, is due to the 
absence of blur from any overlying structures as the X-ray beam 'views' 
only the structures included in the image. In this small number of pa
tients we did not recognize any compromise in the information on C.A.T. 
image as a result of the limitations on resolution imposed by the thick
ness of the slice (13 mm) and the size of the picture element (0.7 mm) 
compared to polytomography. A study including a larger number of pa
tients is und er way, and the results will be the subject of aseparate 
communication. 

The data on the spinal canal indicate that the resolution and contrast 
capabilities (resolving power) of the system are not yet sufficient 
for visualisation of the spinal cord, the cauda equina, the nerve roots 
or herniated disc material. The imaging of these structures remains 
within the field of conventional myelography with positive or air con
trast. Structures of high inherent contrast such as fat can be visual
ized on C.A.T. and their nature can be identified. This was the ca se 
in the one patient with intraspinal lipoma in our small series. 

The evaluation of the bony spinal canal itself by trans axial CT seems 
to be promising. It has been shown in the past that the typical appear
ance of a narrow spinal canal on myelography may be present in the 
face of normal measurements on plain radiography. It has been well re
cognised that encroachment by the laminae rather than shortness of the 
sagittal diameter is the offending cause in these cases. It has not 
been possible to obtain this information preoperatively by conventional 
radiography. Polytomography in the trans axial plane has been tried but 
there are serious limitations in regard to dose, technique and image 
quality. 

With the use of trans axial CT the area of the spinal canal can be eval
uated regardless of the measurements of the sagittal or interpedicular 
diameter. We recommend the use of the ratio between the area of the 
spinal canal and the area of the vertebral body at the same level is 
used rather than the absolute value of the canal area. This allows for 
variations in patient's size and for any fluctuation in the minifica
tion factor on the display or on the polaroid copy. In our two patients 
with the syndrome of narrow canal, the canal-to-body ratio was signif
icantly different from the ratio in the two patients with herniated 
disc and the 25 controls. Both patients underwent extensive lumbar 
laminectomy with good clinical result. Further work is required to 
determine the minimum canal-to-body ratio in patients with no clinical 
symptoms. 

The Brain Image by the Total Body Scanner: the Performance of the Scan
ner 

Material 

In order to compare the performance of the total body scanner with the 
dedicated head scanner in brain imaging we examined six patients by 
both scanners within 2 days. We also reviewed 15 scans on different 
patients studied by the body scanner and a similar number studied by 
the head scanner. A total of 36 C.A.T. brain scans constitute the mate
rial of this comparison. 
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In order to compare objectively the performance of the two scanners, 
and for the purpose of correct interpretation of the observations, we 
constructed three phantoms. The first phantom consisted of plastic 
syringes 11 cm in diameter filled with different dilutions of Conray 
60 and surrounded with water in a plexiglass container. The iodine con
centrations varied from 105 to 1408 mg/100 cc. The second phantom con
sisted of 3 and 15 mm diameter rods of four plastics: nylon, poly
styrene, H.O. polyethylene and L.O. polyethylene. The rods were sur
rounded with water in the plexiglass container. The 3-mm rods were in
tended to test resolution. The 15-mm rods were intended to obtain the 
true EMI number reconstructed by each scanner from the numerical print
out. The third phantom contained eight syringes filled with calcium 
acetate solutions in water with different concentrations containing 
from 0.25 to 5.0 g of calcium/100 cc. The syringes were surrounded 
with water in the plexiglass container. Each phantom was scanned by 
the two scanners respectively in the same day. Scans at 100 kV and 
120 kV were obtained in each instance. The slice thickness was 13 mm. 
Polaroid copies were taken at comparable window settings to compare 
the images. When necessary, window settings were changed to obtain the 
same image quality and the settings were then compared. A numerical 
printout was obtained foreach scan (160 x 160 for head scanner, 320 x 
320 for body scanner). The EMI numbers of water, plastics and solutions 
of Conray and calcium were obtained by calculating the mean and standard 
deviation (S.O.) of 25 numerical values from the centre of the syringe 
of the rod, avoiding the peripheral partial volume effect of the syringe 
material in the case of the solutions and the surrounding water in the 
case of the rods. These values were then compared for evaluation of 
noise (S.O.), spatial uniformity, linearity and alteration with kV 
change. 

Results 

1. Brain images: There were two patients who were uncooperative and 
were included in the study for evaluation of motion artefacts. They 
showed less on the images taken by the total body scanner (20 s scan
ning time) than with the head scanner (4.5 min scanning time). 

There was one patient who had surgical metallic clips inserted intra
cranially at a previous craniotomy. The images obtained from both scan
ners showed the typical star-like linear arte facts radiating from the 
site of the metallic object. There was one patient who had droplets 
of Pantopaque (Myodil) in the intracranial subarachnoid space from a 
previous myelogram. The images from both scanners showed the opacities 
of the iodized oil, but no linear arte facts were seen in either image. 

There were two patients who were cooperative and did not show undue 
movements during the scanning time. No motion artefacts were seen in 
either scan. There was sharper delineation of the margins of the intra
cranial structures in the images of the body scanner (matrix size 320 
x 320). There was, however, some degree of non-uniformity of the con
trast in the same slice on the images of the body scanner in more than 
50% of the cases (Fig. 4). This took several forms. In some images it 
appeared as a broad halo of decreased density deep to the inner table 
of the skull. In other patients it appeared as unilateral decreased 
density. In others it appeared as a slight increased density towards 
the centre of the slice. The images of the body scanner were grainy 
overall and there was a tendency to show a flatter tone indicating a 
generalised decrease of contrast. 

2. Phantom images. Table 2 shows the mean and S.O. of the attenuation 
values of water obtained by the head and body scanners at nine positions 
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Table 2. Comparison of EMI head and body scanners: uniformity and noise (S.D.) 

Position Water attenuation (S.D. at 120 kV) 
Head scanner Body scanner 

1 0.1 (2.9) 15.0 (3.8) 
2 0.4 (3.4) 20.0 (4.5) 
3 0.6 (2.1 ) 9.2 (3.9) 
4 0.3 (2.8) 15.6 (3.3) 
5 0.9 (3.1 ) 27.5 (3.4) 
6 0.8 ( 1.6) 12.1 (3.2) 
7 1.3 (3.3) 7.6 (4.7) 
8 1.8 (2.1 ) 9.0 (5.1) 
9 2.2 (3.9) 5.0 (3.9) 

within the 10 in. scans of the head and body scanners. The mean values 
from the numerical printout of the head scanner varied from -2.2 to 
0.1. The S.D. varied from 1.6 to 3.9. The corresponding mean values 
for the body scanner ranged from 5.0 to 27.5 and the standard devia
tion ranged from 3.2 to 5.1. 

The attenuation of the Conray solutions showed a linear relationship 
with the iodine content (Fig. 5) on the head scanner at 120 kV. The 
values at 100 kV showed also a linear relationship and a shift upwards. 
The shift of the attenuation values was also linearly related to the 
iodine content (Table 3). 

Table 3. The relationship between the shift of attenuation values with kV and the 
iodine content head unit 

I (mg %) kV Shift (100-120) 

105 2.7 
176 6.5 
211 6.4 
352 8.6 
423 13.6 
564 16.2 
704 17.6 
846 23.1 

1408 40.3 

On the body scanner there was also a linear relationship between the 
attenuation values and the iodine content although the scatter was much 
more marked than with the head scanner. For iodine concentrations below 
625 mg % the body scanner attenuation values at 120 kV were higher than 
the head scanner values (Fig. 5). The opposite was true for iodine con
centrations above 625 mg. Moreover, when the graph was extrapolated, 
the attenuation value from the head scanner at 0 concentration of iodine 
was 0 but the value from the body scanner was 21 EMI units. The altera
tion of attenuation values with shift of kV in the case of the body 
scanner showed also an unexpected pattern. When kV was changed from 
120 to 100 the attenuation values dropped for iodine concentrations be
low 790 mg %. The expected increase was only observed when the iodine 
concentrations were more than 790 mg %. When the graph was extrapolated 
the attenuation value at 0 concentration of iodine at 100 kV was 3 EMI 
units. 
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We were able to correct the discrepancies shown in the attenuation 
values computed by the body scanner by a two step manoeuvre. First 
step: the scale was displaced by 21 units for the 120 kV to correct 
for the attenuation value of water = o. The second step: the slope 
of the line was corrected by multiplying each value by 1.3. A similar 
correction was required for 120 kV values with one difference, namely 
the scale had to be displaced by 3 units only to correct for water = 
o. 

Similar observations were found with the phantom containing the calcium 
acetate solutions and the phantom containing the plastic rods (Fig. 6). 
In the latter case scans were obtained at 120 kV only. 

Discussion 

Three conclusions were drawn from the experimental data of the iodine 
solution scans and may be used to explain some of the findings described 
in the brain scans: (1) The body scanner in its prototype available 
to us is not programmed for scanning the same object at different kV 
setting. (2) The percent contrast scale of the body scanner is 30% 
larger than that of the head scanner. Two more conclusions were drawn 
from the water scans described above: (1) The body scanner images have 
a higher noise level (S.D.) (2) The body scanner images have less uni
formity. 

The analysis of the images of the six patients who each had a C.A.T. 
scan of the brain by both the head scanner and the body scanner indi
cates that there are some favourable and some unfavourable features 
of the body scanner performance, reflected in the brain image produced. 

The short scanning time eliminates to a great extent motion arte facts 
and therefore eliminates the need for heavy patient sedation. To our 
experience this has been a serious problem with the head scanner in 
infants, particularly the group with perinatal intracranial haemorrhage 
who required repeated C.A.T. scans for evaluation of ventricular size. 

The larger matrix of the body scanner image allows sharper delineation 
of anatomical structures. 

The undesirable features of performance of the body scanner include the 
high noise level, lack of uniformity, and the higher per cent contrast 
scale. The noise level is reflected in the graininess of the image. 

Lack of uniformity was demonstrated in our experimental data using the 
water-filled phantom. These data serve as the basis for explaining the 
asymmetry of brain density in apparently normal patients examined by 
the prototype body scanner. These experimental and in vive observations 
were not seen in the images of the head scanner with the water bag 
filling the space between the surface of the head and the limits of the 
field of the reconstructed image. We are currently testing the efficacy 
of various methods of reducing the effect of the large air gap caused 
by the smaller size of the head, particularly in the transverse diame
ter. 

For an overall assessment of the performance of the body scanner in 
brain imaging, one has to consider both the favourable and unfavour
able features discussed above. A thorough evaluation requires a larger 
number of patients of different age groups and disease conditions. It 
also requires a double blind study with independent observers. However, 
a general statement can be made based upon this small series, that for 
most clinical purposes of C.A.T. brain imaging the body scanner can 
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serve as an alternative to the dedicated head scanner, widely used at 
the present time. On the other hand, the dedicated head scanner is 
superior in situations where quantitative analysis is required. This 
is particularly the case in dynamic studies with contrast material, 
comparative assays of water content, demyelination etc. In these cases 
the accuracy, low noise and the capability to scan the same object 
with different kV settings are indispensable even if sedation is re
quired for proper imaging. 

Dose Considerations 

The absorbed doses delivered to selected points of a Rando-Alderson 
human phantom were evaluated employing thermoluminescent dosimeters 
(TLD). Surface-absorbed dose measurements utilised small teflon LiF 
TLD discs (5 mm diameter) while internal measurements were made with 
small cylinders composed of tissue equivalent material (4 mm diameter 
x 9 mm) and containing LiF powder. Several dosimeters of each type 
were calibrated with (1) 140 kVp + 1.0 cm Al added filtration and (2) 
140 kVp + 1.0 Al and 3.0 cm water added filtration by concurrent mea
surement of the radiation exposure response of the dosimeters and a 
Victoreen 651 thimble ionization chamber. A rad-to-roentgen ratio of 
0.94 was used. 

Absorbed doses were obtained subsequent to EMI scans of both the head 
and torso. For a typical brain study of three scans providing six tomo
graphic reconstructions the maximum skin-absorbed dose is approximately 
1 rad. For the same study the absorbed dose imparted to a central re
gion of the brain was found to be approximately 80 millirads. Thus, 
the data indicate a total energy deposition, i.e., integral dose, for 
the brain comparable to that delivered by a single skull film. 

However, absorbed doses obtained subsequent to EMI scans of the torso 
are significantly higher. The maximum skin-absorbed dose to a slice 
due to a scan of that slice is of the order of 4 rads for a standard 
scan 20 s duration through 1800 with 140 kV and 28 mA. Furthermore, 
contributions to the same slice from other tomographic cuts are such 
that a set of five slices will increase the maximum skin-absorbed dose 
to about 6 rads. Similarly, the interior-absorbed doses within a central 
slice of tissue will vary from a minimum of some 2 rads to the maximum 
of 6 rads. This corresponds to an integral dose for the central slice 
of a five-slice set of some 1700 g-rads. As a comparison, a typical 
chest film will deliver an entrant skin absorbed dose of approximately 
0.040 rads and an integral dose of about 13 g-rads per centimeter slice. 
Similarly, image-intensifier fluoroscopy will typically impart about 
5-10 rads/min to the skin and deliver an integral dose of about 1500-
3000 g-rads/min per centimeter slice. Thus, the total energy deposition 
subsequent to a C.A.T. study is approximately that incurred from a 
minute of fluoroscopy for similar imaged areas of the subject. 

The measured gonadal absorbed doses are cause of even greater concern. 
The measured gonadal doses were 90 millirads due to a single scan of 
the upper chest and 270 millirads due to a single scan of the lower 
abdomen. Hence, a C.A.T. study consisting of five slices delivers an 
absorbed dose to the gonads in the range of 0.5-1 rad depending on the 
anatomy scanned. This value compares unfavourably with gonadal-absorbed 
doses from conventional X-ray procedures. 

Thus, it appears that the radiation absorbed dose imparted to subjects 
undergoing C.A.T. studies with a body scanner is of such magnitude to 
preclude its use as a widespread diagnostic screening tool of the torso. 
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a 

Fig. 1. Normal coronal CT scan of the brain and fa
cial bones 

b 

Fig. 2a and b. pyocoele of the sphenoid sinus (al Coronal CT (bl Transaxial CT. 
There is expansion and opacity of the sphenoid sinus with erosion of the roof and 
posterior wall 

Fig. 3. Intraspinal lipoma. Lesion is distin
guished on the image by low density of fat 
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a b 

Fig. 4a and b. C.A.T. of same patient (a) Dedicated head unit (b) Body scanning unit 
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Fig. 5. Attenuation values obtained by head and body scanners for the same phantom 
containing several dilutions of Conray 60 in distilled water 

Fig. 6. Attenuation values of four different plastics, obtained by the body scanner 
plotted against those obtained by the head scanner (solid line). Dotted line shows 
the correction introduced by displacing scale of body scanner. Dashed line is the 
meridian 



Computer Tomography of the Spine 
A Preliminary Report 
1. Isherwood*, R. A. Fawcitt*, J. R. L. Nettle*, J. W. Spencer*, and B. R. Pullan** 

Introduction 

The unique advantages of computer tomography so successfully exploited 
in the cranial cavity are now, with the advent of the Whole Body Scan
ner, available for the investigation of the spine and neural axis. 
Cross-sectional anatomical studies together with detection of tissue 
attenuation differences will, it is anticipated, enable not only the 
morphology of the bony spine, the intervertebral articulation system, 
the spinal canal, the neural axis and associated structures to be in
vestigated but also the physiology of the CSF circulation in the spinal 
subarachnoid space. 

Evaluation of spinal morphology and pathology is of course available 
against a detailed background of adjacent body organs including major 
vessels and muscles. 

Studies of the axial anatomy of the spine including its articulation 
system have previously, in vivo, been carried out by conventional trans
verse axial tomography (4, 10, 15). The possible advantages of computer 
tomography in the bony spine have only recently been outlined (11). 

Estimation of bone mass and mineral in vertebral trabecular bone will 
also be possible. Adaptation of the EMI Brain Scanner to obtain cross
sections of the fore arm have clearly demonstrated the ability of the 
method to determine with accuracy and reproducibility bone mass and 
mineral estimation in the appendicular skeleton (9). 

The availability of Metrizamide, the water soluble, non-ionic, iodine
containing contrast medium of low osmolality for examination of the 
CSF pathways has, in conjunction with whole body scanning, added a 
further dimension to the investigation of the spine and neural axis 
(2) • 

Material and Methods 

All investigations have been carried out on the EMI CT 5000 which has 
been operational in the Department of Diagnostic Radiology in the Stop
ford Medical School, University of Manchester, since June 1976. All 
C.A.T. sections are 13 rnrn in depth and presented on a 320 x 320 matrix 
with an alternative 160 x 160 matrix quadrant display. 

1. Two hundred patients have been investigated. A variety of clinico
radiological protocols are at present under study. The majority of pa-

*Department of Diagnostic Radiology, University of Manchester. 
**Department of Medical Biophysics, University of Manchester. 
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tients so examined reveal coincidental information concerning the spine 
and related structures. 

2. Computer tomographie study of a reconstructed, disarticulated pair 
of lumbar spinal segments has been undertaken to determine the normal 
anatomical features in an 'ideal' horizontal transverse axial plane. 
Two disarticulated segments were sealed together with plasticine con
taining metal markers at the disc margins. Cross-sectional views were 
obtained by both computed tomography and hypocycloidal tomography. 

3. Computer tomographie study of a cadaver lumbar spine has been under
taken to determine the effect of postural and positional variations 
on sectional anatomy. An articulated spine with covering soft tissue 
was investigated by computer tomography in the longitudinal, transverse 
and a variety of inclined planes, to simulate anteroposterior and lat
eral spinal tilts. 

4. Ten patients have been the subject of a special protocol related 
to the study of the movement and absorption of Metrizamide in the spinal 
canal. 

10 ml of Metrizamide at a concentration of 170 mg iodine per ml have 
been injected by lumbar puncture prior to conventional lumbar myelo
graphy in the Department of Neuroradiology. The patients have been 
transported in the sitting position and subsequently allowed to remain 
in a horizontal supine position with a standard pillow. Computer tomo
graphie scans have been obtained at levels corresponding to the basal 
cisterns, C3, T6, T12 and L3 at 1, 2, 3, and 6 h after injection. 

5. To determine the effect of spectral filtering by surrounding high
density material on the attenuation values within the spinal cord, a 
phantom of the spinal cord and surrounding subarachnoid space has been 
constructed (Fig. 1). The concentric cavities of the phantom were filled 
with water, varying concentrations of Metrizamide and varying concen
trat ions of calcium chloride. The attenuation value of the central water 
has been studied as a function of varying concentrations of Metrizamide. 

Results and Discussion 

C.A.T. of the spine provides not only an additional radiographie pro
jection capable of demonstrating topographical anatomy and bone pathol
ogy in the vertebral body and neural ar eh but also a detailed display 
of paravertebral structures (Fig. 2). Identification of the position 
and articular margins of the apophyseal joints together with their re
lationship to spinal canal contents enables a more detailed analysis 
of spinal canal narrowing (Fig. 3). An assessment of the influence of 
such joint disease on nerve entrapment syndromes should then be pos~ 
sible. 

Constraints 

Despite the obvious advantages afforded by computer tomography of the 
spine and its associated structures, there are significant constraints 
limiting its full exploitation: 
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Anatomiaat 

Spinal curvature may occur in either a-p or lateral planes. Such cur
vature may be a normal feature or due to posture or pathological 
change (Fig. 4). 

Radio Zogiaa t 

(a) Accurate registration of a section 13 mm in depth in different pa
tients or re-registration in the same patient despite clinical and con
ventional radiological identification of level is a significant dif
ficulty. Anatomical, postural and positional reproducibility compound 
this particular problem. (b) Accurate identification of a structural 
margin is extremely difficult due to the 'partial volume' effect, i.e., 
an interface passing obliquely through a computed volume ('voxel') of 
tissue. 

Physiaat 

Spatial resolution and sensitivity with existing radiation dose levels 
of the EMI CT 5000 are such that significant statistical fluctuations 
occur in the quantitative data relating to bone and spinal canal con
tents (13). Identification of neural tissue, in particular, without 
recourse to contrast material in the subarachnoid space, is unreliable. 
(b) Sensitive quality control is impeded by the computing time of 200 
seconds per section and a disc capacity of 8 sections. 

Disarticulated Reconstructed Lumbar Spine Segments 

C.A.T. sections of conventional depth, i.e. 13 mm through a disarticu
lated bony specimen in an 'ideal' position, i.e., without spinal cur
vature, have demonstrated appearances which may be related to the level 
of section (Fig. 5). 

Upper Segment o[ Vertebrat Body 

The lumbar spinal canal at this level has a continuous bony contour 
formed by the concave posterior margin of the vertebral body, the ver
tically orientated pedicles, the caudally convergent laminae and the 
base of the spinous process. The spinal canal is triangular in shape 
with an inter laminar notch at the apex. The transverse processes are 
well seen. The cortico-medullary boundary zone in the vertebral body 
is indistinct. 

Centre o[ Vertebrat Body 

The lumbar spinal canal may retain its bony continuity, but the inter
vertebral foramina play an increasingly prominent part in the lateral 
margins. The dorsolateral walls are formed by the inferior articular 
process and the pars interarticularis. The spinal canal is triangular. 
The section is usually below the transverse processes. The cortico
medullary boundary zone is clearly identifiable together with a dense 
cortical anterior margin to the vertebral body. Trabecular bone is most 
accessible at this level. 
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Lower Segment oi VertebraZ Body 

The bony ring of the spinal canal is discontinuous due to the inter
vertebral foramina forming the lateral walls. The superior articular 
facets of the adjacent caudal segment form the dorsal margins of the 
intervertebral foramina and are therefore ventrally situated at the 
apophyseal jOints. The upper aspect of the apophyseal joints, situated 
at an approximate angle of 500 to the coronal plane, the inferior ar
ticular facets and the laminae form the dorsal margin of the spinal 
canal. The spinal canal appears at its most capacious but is clearly 
influenced by the articular segments. The lower margin of the vertebral 
body may be ill-defined at the disc margin. 

IntervertebraZ Dise 

The intervertebral foramina form the lateral wall of the spinal canal 
which therefore appears discontinuous. The apophyseal joints and the 
laminae form the dorsal margins. A section through and in the same 
plane as the intervertebral disc incorporates the bony margins of the 
adjacent vertebral bodies which therefore appear indistinct, especially 
anteriorly. 

Cadaver Lumbar Spine 

Computer tomography of the cadaveric specimen in the sagittal plane 
(Fig. 6) together with the schematic illustrations of a scoliotic spine 
(Fig. 4) demonstrate the problems introduced by spinal curvature in 
accurate transverse axial reconstruction. 

Upward and downward tilt of the specimens simulating lordosis and ky
phosis (Fig. 7) demonstrate the apparently changing relationships be
tween vertebral body, intervertebral disc and neural arch when repre
sented in a transverse axial section of finite depth. 

Ten-degree angulation of the long axis of the specimen to right and 
left simulating scoliosis (Fig. 8) demonstrates the apparently chang
ing shape and contour of the vertebral segment as the section traverses 
structures obliquely. Some bony features, e.g., transverse process or 
lateral aspect of the posterior neural arch, may in these circumstances 
be ill-defined and their margins appear to be eroded. Correlation with 
several adjacent sections in addition to conventional radiology is es
sential. 

Computer Assisted Myelography 

The contour of the spinal canal though subject to the physical con
straints discussed earlier is normally identifiable. Isodensity of 
structures within the spinal canal together with statistical fluctua
tion in attenuation values makes differentiation between both normal 
and abnormal contents difficult. It is necessary therefore to intro
duce a suitable contrast material into the subarachnoid space. 

Metrizamide, a non-ionic glucose-amide with a molecular weight of 789.1, 
is a water soluble coptrast medium containing 3 iodine atoms. It has 
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a low osmolality and in a concentration of 170 mg iodine per ml is 
isotonic with CSF. 

Metrizamide has been extensively studied as a myelographic agent (7, 
12, 14), and also employed in conjunction with computer tomography as 
a means of studying the cerebrospinal fluid flow and intracranial ab
sorption pathways (5). Metrizamide introduced by the lumbar route for 
myelographic purposes appears in the intracranial cerebrospinal fluid 
spaces in 1 to 2 hand over the hemispheres in 24 h (5, 6, 8). Because 
of the much increased sensitivity of computer tomography the contrast 
medium is detectable in much lower concentrations than would be pos
sible by conventional radiology at these sites. In CSF 1 mg of iodine 
per ml is sufficient to raise the attenuation value as measured by the 
EMI scanner by 12.5 Hounsfield units (6). The study of Metrizamide in 
the spinal subarachnoid space has been referred to by DI CHIRO as com
puter assisted myelography (2). 

Metrizamide was identifiable in this present series of patients at all 
levels - in the thoraco-lumbar spine at 1 h, and in the cervical and 
intracranial subarachnoid spaces at 1-2 h (Fig. 9). No untoward reac
tions have occurred. Identification of anatomical features together 
with heterogeneity of composition of tumour is possible, as in the brain 
(Fig. 10a and b) . 

The pattern of movement and diffusion of Metrizamide introduced by the 
lumbar route is related to: 

1. Circulation of CSF, i.e., the 'third' circulation (1) 

2. Dilution of contrast medium in the total CSF volume (say 150 ml) 

3. Initial layering of dense contrast medium 

4. Posture 

5. Variation in intrathoracic and intra-abdominal pressure transmitted 
by the epidural venous plexus 

6. Diffusion into neural tissue 

Typical results of 4 of the 10 patients studied are presented in Table 
1. Attenuation values in the cord have been increased uniformly by 20 
units to ensure that negative values were not obtained. All values 
have been normalised to unity at the first measurement in the accom
panying graphs (Fig. 11). The levels of unity for Metrizamide in the 
CSF space and for cord (+20) are stated at each base line. 

The following features are worthy of comment: 

1. Metrizamide has a density of 1.184 at a concentration of 170 mg of 
iodine per ml (7) which is responsible for initial layering. Variation 
in posture or intra-body cavity pressure may result in contrast being 
directed to a region in the spinal canal distant to the injection site, 
e.g. cervical spine (Fig. 11b). 

Several patterns of behaviour which can only be related to a combina
tion of posture, density of contrast and gravity occur in the first 
2 h. Following this, an overall dilution pattern occurs which is ac
companied by an anticipated reduction in iodine level within the CSF. 
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2. The dorsal spinal cord is anteriorly located during computer assisted 
myelography supporting the belief (7) that this situation is the true 
one under physiological conditions (Fig. 9b). 

3. Attenuation values of spinal cord fall consistently from 1-6 h, sug
gesting that Metrizamide has entered the spinal cord within the 1st 
hour. The dilution pattern of Metrizamide in the cord follows that in 
the CSF space. Entry is presumably effected along perivascular channels 
into the extracellular space of the spinal cord. 

4. A secondary rise of attenuation values within the spinal cord at 
3-6 h observed in some patients, e.g. Fig. 11d, leads to speculation 
that a second compartment, possibly intracellular, may be concentrating 
iodine. Problems of cord margin identification, lack of knowledge con
cerning attenuation levels of cord before intraduction of Metrizamide 
together with variable noise levels make such observations no more than 
speculative. Further studies are currently being undertaken to inves
tigate the pattern of behaviour of Metrizamide in the 1st hour after 
injection. 

5. Dependence of the attenuation values of simulated 'spinal cord' 
on the circumferential concentrations of Metrizamide suggest that the 
results observed in the living could only be effected at high Metri
zamide concentrations (Fig. 12). If the volume of CSF in the spinal 
canal were only 100 ml, then the effective concentration in clinical 
circumstances would be 1.70 mg of iodine per ml. At this level spectral 
filtering does not appear to be influencing reconstruction values. 

Problems of registration and of obliquity in the plane of CT section 
make it necessary to interpret bony landmarks with caution. 

Water-soluble contrast, e.g. Metrizamide, in the subarachnoid space 
is necessary to demonstrate neural tissue with certainty. 

It is weIl known that changes in the blood-spinal cord barrier are a 
result of osmotic factors - the degree of capillary permeability rising 
with hypertonicity and any resultant damage probably compounded by 
hypotension or gravitational effect (3). High molecular weight sub
stances, e.g. Metrizamide, injected into the subarachnoid space have 
been demonstrated (6) to be excreted primarily by the arachnoidal villi 
intracranially. Some nevertheless is almost certainly excreted via the 
meningeal membranes of the spinal canal, and there seems little doubt 
from the present study that an initial partition with the extracellular 
space in the cord occurs. 

Whilst the toxicity of Metrizamide is very low (7) CT of the spinal 
canal is beginning to provide the opportunity to study not only the 
movement and absorption of this contrast medium in the CSF pathways but 
also its behaviour in neural tissue. 

Summary 

Two hundred patients have been examined on the EMI CT 5000 Whole Body 
Scanner. 

Studies have been made of disarticulated and cadaver spine to identify 
(1) normal anatomical features in cross-sectional slices of 13 mm depth 
and (2) the effect of normal and abnormal curvature of the spine on 
these features. 
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Patients have been studied by CT following lumbar injection of Metri
zamide. The distribution, flow pattern and dilution of Metrizamide 
have been investigated in detail in 10 patients. This preliminary study 
suggests that Metrizamide is (1) necessary in the spinal canal to visu
alise the neural axis and pathological processes which affect iti (2) 
may appear in the subarachnoid space of the head and upper cervical 
spine in 1 hi (3) enter the extra-cellular space of the spinal cord 
in the 1st houri (4) achieve a uniform diffusion and dilution pattern 
in the subarachnoid space and spinal cord from 3-6 hi (5) may concen
trate in a second compartment, possibly intracellular, from 3-6 h. 

The effect of spectral filtering by Metrizamide on the attenuation 
values of the spinal cord has been modelled and shown not to be sig
nificant at the anticipated dilution of contrast medium in the CSF 
space of the spinal canal. 
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~. Phantom employed to determine effect of spectral 
filtering. Concentric tubes represent spinal cord, sub
arac hnoid space and bone 

Fig. 2a and b. CT sections demonstrating: (a ) Pedicular and vertebral bone erosion 
in paravertebral lymphoma . (b) Staphylococcal psoas abscess (note calcified aorta) 

a b 

Fig. 3a and b . CT section demonstrating spinal canal narrowing: (a) Paget's disease . 
(b ) Achondroplasia 
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a 

b 

b 

Fig. 4a and b. Effect of spinal curva
ture on CT sections of lumbar spine. 
(a) Lateral. (b) Anteroposterior 

Fig. 5a and b. Horizontal CT sections of disarticulated spine. (a) Upper segments 
of vertebral body. (b) Intervertebral disc level 

Fig. 6. Sagittal CT section of cadaver lumbar spine 

a b 

Fig. 7a and b. Horizontal CT sections of cadaver lumbar spine. (a) Upward tilt. (b) 
Downward tilt 
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a b 

Fig. Ba and b. Horizontal CT sections of cadaver lumbar spine with 100 angulations. 
(a) To the left. (b) To the right 

a 

c 

a 

b 

Fig. ga-co Computer assisted myelography at 1 h 
demonstrating: (a) Cauda Equina at L3. (b) Anterior 
location of spinal cord at T6. (c) Central location 
of spinal cord at Tl 

b 

Fig. 10a and b. Computer assisted myelography. Postoperative scan in spinal dysra
phism. Residual lipoma within a tethered spinal cord at L5 
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Fig. 12. Phantom study of attenuation values of 
'spinal cord' as a function of Metrizamide concen
trat ion in the "subarachnoid space" 
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Anatomy 

Some Anatomical Problems of Computerised Axial 
Tomography 
L. Kreel* 

The study of anatomy has been inherent in medical training for centuries 
if not millenia. This knowledge has become part and parcel of diagnosis 
and anatomical fluency is almost aprerequisite for radiology. These 
detailed studies must neither be forgotten nor ignored if there is to 
be a correct appreciation of C.A.T. displays ofaxial anatomy. By 1850, 
anatomical texts had not only reached present day standards of accuracy 
but were far superior in their presentation and beauty. Modern illus
trations cannot compare with the hand-tinted lithographs of, say, 
Quain's anatomical atlas (6), which even contains occasional axial 
views. 

Answers to very specific points related to computerised tomography may 
on occasion also be found. The clear view of muscle bundles given by 
C.A.T. scanning means, of course, that sooner or later radiologists 
will be required to know them by name. This in itself is no particular 
problem, except at the shoulder and upper arm. In this region, con
ventional anatomical texts provide descriptions and illustrations with 
the upper limbs lying alongside the body. However, in examining a pa
tient on the scanner the arms are extended, lying near the head. Ana
tomical texts for artists and some older anatomy books (1) do provide 
the necessary illustrations which allow a correct interpretation of 
C.A.T. views of these muscles. 

Even without an alteration in the conventional position of the body 
the knowledge of muscle relationships can be important. In the lower 
part of the neck, the sterno-cleido mastoid and sterno-thyroid produce 
two ovoid shadows above the sternum which can easily be taken for ves
sels. However, at this level the common carotid and subclavian arteries 
and the internal jugular veins lie much more posteriorly near the pos
terior margin of the soft-tissue density of the thyroid. Anatomy illus
trations show these relationships clearly enough for correct interpre
tation of C.A.T. scans. 

One difficulty encountered with conventional axial anatomy books is 
that they view the body from above, so that the heart appears on the 
viewer's right and the liver on the viewer's left (2, 4). A mirror image 
of these pictures is therefore needed to relate them to the appearances 
of C.A.T. and ultrasound scans. Fortunately, TAKAHASHI'S beautiful book 
(5) on axial tomography, produced for conventional radiographic axial 
tomograms, views the body from below and can easily be related to the 
pictures of C.A.T. The idealised diagrams are extremely detailed and 
show many structures not normally visible by C.A.T. scanning. This is 
hardly a defect but, on the contrary, can be important, as in placing 
the phrenic nerve in relationship to mediastinal pathology. 

One drawback of all anatomical texts is the impossibility of showing 
the numerous variations encountered in radiological practice and par-

*Division of Radiology, Clinical Research Centre and Northwick Park Hospital, 
Harrow. 
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ticularly in axial anatomy when based on sections of a single body. As 
an example, the raised right hemidiaphragm will change the alignment 
of the liver. The right kidney and gall bladder are then often at a 
higher level as weIl as the colon. When this occurs, axial sections 
rnay be misinterpreted as showing atrophy or absence of the left lobe 
of the liver. 

There are, however, at least two aspects of anatomical displays which 
are unique to computerised tomography. Firstly, if there is no adipose 
tissue and this applies to subcutaneous, retroperitoneal, mediastinal 
and mesenteric regions, the various structures will not be demarcated 
(Fig. 1). In computerised tomography the fat planes are essential for 
defining boundary lines between organs, unless their tissue density 
is such that they can be distinguished. Even in the absence of fat 
planes the liver can usually be delineated because it is of greater 
density then neighbouring organs and within the confines of the liver 
margin the gall bladder is visible because bile has a much lower radio
graphie density. 

Movement artefacts will, of course, also blur outlines of various or
gans making their definition difficult or impossible. At present, this 
also applies to the heart where ventricles and atria merge into an 
area of uniform tissue density (Fig. 2b). 

The other aspect of C.A.T. sections is that it is not possible to dis
play the full range of tissue densities on one picture (Fig. 2). If 
the pulmonary blood vessels are shown then the soft tissues cannot be 
seen and conversely, if the soft tissues are displayed, then the lungs 
appear black. At the other extreme, the detail of vertebral bodies can
not be shown together with soft tissues of lung fields. One can, of 
course, overcome this difficulty by photographie or electronic tech
niques or by displaying these sections at differing window levels side 
by side. 

The various organs will be recognised by their size, shape and position. 
This applies equally to conventional radiographs and even in anatomical 
dissections. But with computerised tomography the bowel and especially 
the small bowel can present a very real problem in recognition. The 
small bowel is mobile and when filled with its normal fluid conte nt has 
a tissue density similar to major abdominal blood vessels, pancreas and 
lymph nodes. Small bowel can therefore look like pancreas, and partic
ularly the tail of the pancreas, or like lymph nodes lying on the aorta. 
It can also mimic a tumour, especially if dilated by effects of an anti
cholinergic given to stop movements. It rnay then have a diameter of 
up to 4 cm. 

Axial sections are localised according to their spinal level because 
of the varying position of organs within the body with respiration and 
with changes from the erect to horizontal. The use of the preliminary 
'scanogram' radiograph, as previously described (3), allows this to be 
done but it must be recognised that at any one vertebral level the sec
tions can appear very different. An axial section taken through 03 may 
show the aortic arch or be weIl above it, and quite clearly in these 
circurnstances the two axial sections of 03 will look quite unlike each 
other. This applies even more so to the levels between 09 and 11 where 
there is such a variable position of the diaphragm. 

Four particular aspects ofaxial anatomy, namely the mediastinum, liver, 
pancreas and spine, will be considered in this paper because these have 
produced problems in interpretation. 
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The Mediastinum 

The anatomy of the mediastinum is relatively unfamiliar to radiologists 
as this cannot be shown except by contrast examination. Intravascular 
contrast tends to display the venous or arterial system separately 
and their three dimensional relationships are not obvious, nor usually 
relevant to particular clinical problems. Pneumo-mediastinography on 
the other hand tends to distort the tissue planes and, in the anterior 
mediastinum, alters the position of the thymus. C.A.T. sections of the 
lower cervical region and mediastinum may therefore initially present 
something of a problem. 

In the lower part of the neck and superior mediastinum the tissues are 
disposed along the coronal plane but at the level of the aorta the 
mediastinum is aligned sagittally. As the apex of the lungs appear on 
the sections they lie posteriorly and the mediastinum between becomes 
triangular in shape. The left subclavian artery is the most posterior 
of the major aortic branches and can produce a bulge on the mediastinal 
border lateral to the oesophagotracheal approximation or to the oeso
phagus itself. The left common carotid lies anterior to the subclavian 
artery and the brachiocephalic (innominate) artery is to the right of 
the left common carotid. However, the internal jugular, at the level 
of the thyroid is lying postero-laterally in its relation to the common 
carotid but just below the thyroid it curves forward as the brachio
cephalic vein to take up an immediately retrosternal position. 

It is important to be able to identify these vascular structures be
cause they appear circular or ovoid and therefore resemble lymph nodes 
which are not normally visible at these levels. 

The central trachea and oesophagus are approximately midway between 
the sternum and spine. The oesophagus frequently contains air, making 
it clearly visible. At higher window levels the adjacent walls of the 
trachea and oesophagus are not visible, so that the central air space 
has an elongated shape made up of the oesophagus posteriorly and trachea 
anteriorly. The fact that the oesophagus so frequently contains air is 
surprising and may be related to the administration of anticholinergics 
in those patients who also have an abdominal scan. 

Just above the aortic arch the anterior mediastinum is usually rectan
gular with the superior vena cava bulging its right margin anterolateral 
to the trachea. 

The aortic arch usually lies at the level of 04 taking up an exclusive 
position in the mediastinum and curving around the trachea. The right 
lung is then in close apposition to the lateral wall of the trachea. 
Lying anterior to the aortic arch is a small triangular or slit-like 
portion of areolar tissue which contains the thymus or thymic remnant 
and is attached anteriorly to the posterior sternal margin. 

At the bifurcation of the trachea (approximately 05 level) the pulmonary 
artery trunk lies slightly anterior and to the left of the circular 
ascending aorta. The posterior and rightward sweep of the pulmonary 
artery appears just caudal to this level and proceeds in front of the 
right main bronchus (Fig. 3). The descending aorta is the most poste
rior structure being closely applied to the left anterior aspect of 
the vertebral body. On the right side, the lungs appear to indent the 
mediastinum behind the right main bronchus and pulmonary artery where 
it often reaches to the midline. The lateral bulge of the superior vena 
cava is still a prominent feature on the lateral wall of the media
stinum slightly behind the ascending aorta. 
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As the heart chambers come into view, the mediastinum appears globular 
or ovoid, being of course more prominent towards the left anterior 
quadrant. At present the heart chambers cannot be seen separately from 
each other and their positions must be surmised rather than identified. 

There is, however, one "chamber" which is consistently delineated lying 
on the right posterior margin of the heart contour at about the level 
of 09/010 (Fig. 4). On conventional radiographs, especially on tomo
graphy, a faint curved density is seen overlying or just to the right 
of the spine and has been described as the pulmonary venous inflow 
chamber. However, axial anatomy texts, particularly that of TAKAHASHI, 
show this as the inflow of the inferior vena cava into the right atrium. 
It appears that the inflow tract of the pulmonary veins lies just cra
ni al to the inflow of the inferior vena cava and both produce a some
what similar appearance on the C.A.T. scan. The level at which the cut 
is taken is the main distinguishing feature with pulmonary venous in
flow chamber appearing at a more cranial level than the inferior vena 
cava inflow tract. 

The Liver 

The partial volume effect is weIl illustrated in the most cranial sec
tions through the liver and cupola of the right hemidiaphragm. The 
peripheral base of the right lung decreases until it forms a posterior 
crescent between the diaphragmatic cupola and its retroperitoneal at
tachment. The peripheral diaphragm is seen as a thin band curving over 
and enclosing the aorta. 

The true tissue density of the liver becomes apparent only as the sec
tions lie below the lung base and particularly when the upper poles of 
the kidneys appear. It is then obvious that normal liver density (circa 
35 Hounsfield units) is considerably higher than that of kidney, muscles 
or pancreas (circa 25 H. units), but similar to that of the spleen. 

The liver encloses the inferior vena cava, which appears as a lesser 
density ovoid just to the right of the aorta and behind the quadrate 
lobe of the liver. The portal vein at the hilum is of similar density 
to the inferior vena cava and its branches appear as it proceeds to
wards the periphery of the liver (Fig. 5). At cuts above and below this 
level the portal vein branches appear in cross section as small round 
areas of about 0.5-0.75 cm in diameter. The major hepatic ducts lie 
anterior to the portal vein in the hilum and cannot be distinguished 
unless contrast medium is used (Fig. 6). 

On the more cranial sections the right lobe of the liver and spleen 
are seen but proceeding caudally the left lobe occupies the anterior 
aspect of the abdomen. The outer curved margin is closely applied to 
the inner margin of the abdominal wall. It becomes obvious that even 
small peritoneal effusions are visible as acrescent of low density 
(circa 1 H. unit) interposed between the liver and inner margin of the 
abdominal wall. 

The falciform and gastrohepatic ligaments can normally be identified 
and frequently the coeliac axis, branching into the hepatic and splenic 
arteries. The hepatic vein mayaIso be identified as it merges with 
the inferior vena cava, but normal bile ducts have not been seen. How
ever, dilated bile ducts appear as low-density branching or well-de
fined round areas and the normal gall bladder is shown as a low density 
round area surrounded by the denser liver parenchyma. Between the vis-
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ible vascular structures the liver substance is homogeneous, except 
for the occasional band artefact of 'lower density' which lies along 
the line of the posterior intercostal spaces. 

In the more caudal cuts the left lobe is smaller, and finally only 
Reidel's lobe remains visible. 

The Pancreas 

It takes at least two and frequently four to six sections at 1-cm in
tervals to show the pancreas (Fig. 7). Before starting the C.A.T. scan, 
the pancreas is localised by reference to the position of the duodenal 
loop or the common bile duct on conventional radiographs. If these are 
not available, localisation of the gastric antrum and duodenum is at
tempted on the 'scanogram' using contained gas as the marker. 

In most cases some form of contrast medium is needed to separate duo
denum and jejunum from pancreas. The head of the pancreas tends to be 
ovoid and is seen alongside the superior mesentric artery. The body 
of the pancreas curves over the proximal part of the superior mesen
teric artery. The inferior margin of this shadow can often be shown 
to be the splenic vein. 

The tail of the pancreas runs towards the angle between the left kidney 
and the spleen, behind the gastric fundus and in front of the left 
suprarenal. Its margin may be either smooth or undulating and is fre
quently closely approximated to the jejunum which, without contrast 
medium in it, can make the tail of the pancreas appear enlarged or 
tumorous. 

The pancreas is clearly seen when surrounded by retroperitoneal fatty 
tissue, but if these fat planes are 16st, the pancreas cannot be seen 
separately from surrounding structures. 

The Spine 

The wealth of detail that has become manifest in soft tissues with 
computerised tomography is matched by that found in bone and partic
ularly in the spine. The bony limits of the spinal canal and the apo
physeal joints are clearly visible, and cortex is weil demarcated from 
medulla (Figs. 8, 9). 

To locate an axial section accurately it is often not suffucient to 
know just the level with reference to a particular vertebral body, but 
also to know whether it is in the upper, middle or lower thirds or at 
an intervertebral disc space. The axial anatomy of the vertebral body 
is recognisably different at thse different levels, and allows for more 
accurate localisation. 

When a section is taken through the upper or lower third of the verte
bral body or through an intervertebral disc space, there is little or 
no compact bone with no real distinction between cortex and medulla 
of the vertebral body (Fig. 9). In the middle third of a verte~ral body 
a clear, well-defined cortex is present and is clearly disting~ished 
from medulla (Fig. 8). Similarly, the pedicles are attached to the upper 
half of the vertebral body with the vertebral foramina in its lower 
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half. In the dorsal region the costovertebral jOints are in line with 
the upper third of the vertebra, the proximal oblique part of the rib 
lies opposite the upper intervertebral disc and the posterior horizontal 
part of the rib lies at the level of the lower third of the vertebral 
body above. 

In the lumbar region, where the spinous process lies more horizontally 
than in the dorsal region, its appearance is also very helpful in lo
calisation. The thin, well-corticated compact part of the spinous pro
cess is at the middle third of the body, while the broad, poorly cor
ticated part of the spinous process is at the lower third or inter
vertebral disc space. This, of course, presupposes that there is no 
tilt of the vertebral body and is by and large true for the L2/3 region, 
but fails when the axis of the vertebra is changed due to a lordosis 
or kyphosis. 

Similarly, the shape of the spinal canal varies and is largest at the 
level of the intervertebral disc with a dome-shaped posterior part as 
it lies caudal to the neural arch, but is smallest at the upper third 
appearing triangular anterior to the neural arch. This again will to 
a certain extent depend on the tilt of the spine. 

The change in alignment of the apophyse al joints from the coronal plane 
in the upper dorsal region to almost a sagittal lie in the lower lumbar 
region, is also clearly visible. The densest or most compact bone lies 
in the region of the apophyseal joints and laminae. 

Summary and Conclusions 

Our knowledge ofaxial anatomy is based by and large on a transposition 
from the frontolateral plane. True axial anatomical studies are rel
atively infrequent and te nd not to cover the many inherent variations. 
Our knowledge of the anatomy on eomputerised tomography re fleets this, 
but the appearanees specific to this mode of presentation must be re
eognised. 

Special consideration has been given to the mediastinum, liver, pan
ereas and spine because of the problems associated with clinieal prac
tice in the interpretation of C.A.T. sections. 
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Fig. 1. Section through tail of pancreas from a patient with chronic calcific pan
creatitis and malabsorption. Lack of fat planes makes it difficult to demarcate 
the various organs. The liver (arrow) is defined because it has a slightly higher 
density than adjacent tissue 

Fig . 2a 
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Fig. 2 b 

Fig. 2c 

Fig. 2a-c. Sections taken though 08, (a) to show lung fields (W.W. 400; W.H. -415), 
(b) soft tissues (W.W. 150; W.H. -015) and (c) bone (W.W. 400; W.H. +065), which 
cannot all be shown on one picture because of the different tissue densities 
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Fig. 3. Section through D5 at the tracheal bifurcation (AA - Ascending Aorta, PA -
Pulmonary Artery, RPA - Right Pulmonary Artery, LPA - Left Pulmonary Artery, RB -
Right Bronchus, LB - Left Bronchus, SVC - Superior Vena Cava) 

Fig. 4. The protrusion of the right posterior margin of the heart (arrow) is the 
inflow of pulmonary veins, which lies just cranial to the inflow of inferior vena 
cava into right atrium 
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Fig. 5. Liver section through hilum showing portal vein and branches. Branches appear 
as round 'defects' in liver substance 

Fig. 6. Same patient after calcium ipodate (Solubiloptin) given orally. Hepatic duct 
forms the most anterior part of the lesser density hilum of liver which cannot be 
distinguished without contrast medium 
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Fig . 7a 

Fig. 7b 



351 

Fig . 7c 

Fig. 7 d 

Fig. 7a-d. Four sections at 1 cm intervals showing the pancreas (P). (a) head, (b) 
body, (c) tail, (d) tail. (L - liver, D - duodenum, K - kidney, A - aorta, I - in
ferior vena cava, St - stornach) 
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Fig. 8. L4 vertebral body, section through middle third showing thin well-defined 
cortex and transverse processes 

Fig. 9. Section through upper third of LS showing ill-defined cortex, intervertebral 
foramina and apophyseal joints 



Computerised Tomography of Abdominal Blood Vessels 
H. C. Redman* 

The advent of whole body computerised tomography presents a new method 
for evaluation of the abdominal vasculature. For years, angiography 
has been the only technique for studying blood vessels and it still 
gives the most detailed information. Grey-scale and real time ultra
sound are also used in the evaluation of the aorta, inferior vena cava 
and the splenic, hepatic and portal veins. Abdominal C.A.T. scanning 
routinely visualises the abdominal aorta (1, 3) and inferior vena cava. 
Branch arteries including the coeliac, superior mesenteric and iliac 
arteries are generally demonstrated. The renal arteries and veins are 
regularly seen, but are not always separable. The splenic, superior 
mesenteric and portal veins can also be demonstrated occasionally. 
Identification of these abdominal vessels helps in localisation of 
other intra-abdominal structures. Abnormalities of vessels are also 
seen and occasionally can be seen only at C.A.T. scanning. 

The aorta normally lies anterior to the spine, to the left of midline 
(Fig. 1). It is usually clearly distinguishable at all levels, though 
it is more difficult to define in very thin patients, or in the pre
sence of adjacent inflammation or infiltrating neoplasm (Fig. 2). The 
diameter of the aorta can be measured, and is seen to diminish as the 
major visceral arteries arise. Calcification in the aortic wall may 
be seen which is not demonstrated on abdominal radiographs. Such cal
cification is generally discontinuous and is often adjacent to arterial 
origins. Elongation of the abdominal aorta can be detected. 

The coeliac artery arises from the anterior surface of the aorta, usual
ly at the level of vertebral bodies T12 to L1 (Fig. 3). When the xyphoid 
is used as a marker, the coeliac artery will generally be seen on one 
or more cuts done 1 to 4 cm caudad to the tip of the xyphoid. It courses 
in a ventral direction for 1 to 4 or 5 centimetres and then branches 
into the common hepatic and splenic arteries which may be seen coursing 
to the right and left respectively. We have not yet demonstrated· the 
left gastric artery, which has a small diameter. The frequency of de
monstration of splenic and hepatic arteries is increased by overlap
ping the scanning sections, but is largely dependent on the course of 
each artery, the amount of surrounding fat and the presence of calcif
ication. Incidence of visualisation should increase when E.C.G. gating 
is possible. 

The superior mesenteric artery also arises from the anterior surface 
of the aorta 1 to 3 centimetres caudad to the coeliac artery (Fig. 4). 
It arises dorsal to the pancreas and is most frequently visualised on 
cuts made between 3 and 7 centimetres distal to the xyphoid tip (2). 
Its ventral course is variable and generally shorter than that of the 
coeliac artery. It may simply be seen in cross-section dorsal to the 
pancreas or ventral to the third portion of the duodenum. Its branches 
are not often identified. 

*Mt. Zion Hospital and Medical Center, San Francisco, University of California, 
School of Medicine, and Stanford University School of Medicine. 
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The renal arteries arise laterally from the aorta at, or slightly 
caudad to, the origin of the superior mesenteric artery (Fig. 5). 
When a renal vessel can clearly be seen to arise from the aorta, it 
can be definitely identified as a renal artery. Frequently, however, 
both the renal artery and vein are seen on the same cut and cannot be 
completely separated. The renal veins, of course, enter the inferior 
vena cava and the left passes anterior to the aorta, factors which 
help to identify the veins. 

The inferior mesenteric artery generally arises from the anterior sur
face of the aorta at the level of the third lumbar vertebral body. It 
is normally quite small, measuring less than 5 mm in diameter in most 
patients. It is not often identified at C.A.T. scanning. The iliac 
arteries are seen anterior to the spine, generally arising about verte
bral body L4. They then course laterally into the pelvis. 

It should be remembered that arterial vascular anatomy is highly vari
able so that examinations made to demonstrate specific vascular struc
tures must be tailored to the patient, rather than relying on a routine 
approach. 

The inferior vena cava lies to the right of the aorta against the spine 
for much of its course through the abdomen (Fig. 6), but moves ventral
ly as it becomes intrahepatic. Unless contrast material is infused, 
it becomes difficult to distinguish within the liver. In the supine 
patient it usually has a flat-oval configuration. When the patient is 
prone, it may become more rounded. 

The iliac veins can sometimes be identified on high pelvic scans as 
they course medially to form the inferior vena cava. The junction gen
erally occurs 1 to 3 cm distal to the aortic bifurcation. 

The renal veins can be identified when they are seen to enter the in
ferior vena cava or when the left renal vein is seen anterior to the 
aorta. Their course is generally not exactly parallel to that of the 
corresponding renal artery. They are larger in diameter and they are 
frequently located cephalad to the renal arteries. However, it is not 
always possible to separate renal arteries and veins at C.A.T. scanning. 

The splenic, superior mesenteric and portal veins can occasionally be 
identified (Fig. 7). The straighter course and larger calibre of these 
veins aids in distinguishing them from arteries. 

At present, angiography still provides the most detailed information 
about vascular structures and has a much finer resolution than C.A.T. 
scanning. However, position and size of the major abdominal vessels 
can be determined by C.A.T. scanning and patency can be judged by use 
of a contrast medium infusion. Calcifications can also be detected 
which are below the resolution of conventional radiographs. Future 
technological developments will undoubtedly increase the vascular de
tail obtainable at C.A.T. scanning. The current state of the art can 
define some pathology such as aneurysms and calcification. Contrast 
medium enhancement, E.C.G. gating or very fast scan times and variable 
section thicknesses should all increase the information available. 
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a 

b c 

Fig. la-co Aorta. (a) Aorta at the xyphoid. It is to the left of midline . Splenic 
artery (arrows) is seen many times as it enters and leaves the plane of the section. 
(b) Aorta at 4 cm caudad to the xyphoid. Patchy aortic calcification is seen at origin 
of the superior mesenteric artery. (c) Aorta at level of origin of renal arteries in 
a thin patient 

Fig. 2a and b. Metastatic ovarian carcinoma obscuring aorta and inferior vena cava. 
(a) Section at the umbilicus reveals a retroperitoneal mass engulfing inferior vena 
cava. Aorta is identified (arrow). (b) Section 3 cm cephalad to the umbilicus. Retro
peritoneal mass is more extensive and has almost completely obscured the aorta ' 
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Fig. 3. Coeliac artery. Two cuts made at 3 cm below the xyphoid. Coeliac artery (ar
rows) arises from anterior surface of aorta. It runs ventral and then divides into 
common hepatic and splenic arteries 

a b 

Fig. 4a and b. Superior mesenteric artery. (a) Superior mesenteric artery (arrow) 
is seen immediately ventral to the aorta and dorsal to the pancreas. Left renal ar
tery is seen. (b) Cut performed 3 cm caudad shows superior mesenteric artery (arrow) 
ventral to fourth portion of duodenum 

Fig. 5. Left renal artery. Left renal artery (arrow) is seen arising from aorta at 
the same level as superior mesenteric artery. Right renal artery arose at a lower 
level 
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Fig. 6a and b. Inferior vena cava. (a) Supine. Inferior vena cava (arrow) is seen 
to the right of aorta. It has a typical oval shape. Superior mesenteric artery is 
seen arising from aorta. (b) Prone. Inferior vena cava (arrow) often assumes a rounded 
shape when patient is prone. Right renal cyst is seen 

a 

b 

Fig. 7. (al Superior mesenteric vein (arrowl is seen dorsal to pancreas. It generally 
lies to the right of superior mesenteric artery and is larger in diameter. (bl Splenic 
vein (arrowsl is seen coursing dorsal to pancreas and entering portal vein 



C.A.T. in the Pelvis 
H. C. Redman* 

Pelvic masses, whether in the female or male, are not easy to evaluate 
fully by palpation, and ultrasound has proved invaluable in this sit
uation, since it can readily distinguish solid from cystic masses and 
can demonstrate free fluid. Often, the specific nature of the mass can 
be suggested. Ultrasound also has the advantage of not being ionising, 
a feature especially important in the child-bearing age. There are some 
limitations to pelvic ultrasound, however. First, unless the bladder 
can be adequately distended, evaluation of the pelvis is generally 
quite limited. Neurological problems, radiation cystitis and large 
masses pressing on the urinary bladder all may make filling difficult. 
Patients who may not take fluids by mouth are sometimes difficult to 
hydrate enough to distend the bladder fully. Also, since ultrasound 
does not penetrate either bowel gas or bone, the ultrasonic evaluation 
of the side walls of the pelvis is limited. Finally, smaller struc
tures such as the ureters cannot be identified at ultrasound. There
fore, there is a place for C.A.T. in certain patients, to study the 
pelvic structures not demonstrable by ultrasound or other methods. 

The bladder can be evaluated by C.A.T., although the indications for 
such a study are few (2). Demonstration of the bladder is improved 
by intravenous injection of 10-20 ce of 60% iodine-containing contrast 
material. Both prone and supine scanning ensure complete demonstration 
of the bladder walls. If the position of the ureters is of primary im
portance, an infusion of 300 ce of 30% contrast material will make per
sistent ureteric filling likely. However, such a large amount of con
trast material obscures detail of the bladder and, with progressive 
bladder distension, leads to obscuration of structures adjacent to 
the bladder, such as the prostate, uterus and ovaries. Bladder wall 
neoplasm can be demonstrated as a mass or thickening of the bladder 
wall (Fig. 1). More importantly, since the primary tumour is usually 
known to be present, extension beyond the bladder wall can also be de
tected, aiding in the staging of these neoplasms. Direct tumour exten
sion can be demonstrated and nodal metastases are seen if enlargement 
has occurred. Intrinsic nodal abnormalities are not yet routinely de
tectable. Since staging of bladder carcinomas is difficult, C.A.T. may 
have a significant contribution to make in these patients. 

The uterus is seen as a homogeneous soft-tissue mass dorsal to the 
bladder. Its position and configuration are variable, depending on 
the degree of bladder distension and on whether anteversion or retro
version is present. Angulation of the gantry may permit scanning of 
the uterus in cross-section, if desired. Uterine masses can be identi
fied by distortion of uterine shape and size (Fig. 2) and masses sur
rounding the uterus can often be identified as such, but the information 
derived is rarely more, and often less than that derived from pelvic 
ultrasound, when this can be successfully accomplished. 

*Mt. Zion Hospital and Medical Center, San Francisco, University of California 
School of Medicne, and Stanford University School of Medicine. 
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The ovaries are often not distinguished from other pelvie soft tissues 
when they are normal, although they are oeeasionally seen laterally, 
adjaeent to the bladder (Fig. 3). When abnormally enlarged, a eystie 
or solid mass is seen (Fig. 4). Onee again, ultrasound provides this 
information without radiation risk when the bladder ean be distended, 
and should therefore be attempted first. 

The prostate ean be identified between the bladder and the rectum. In 
older men, ealeifieations are sometimes seen and enlargement ean be 
deteeted (Fig. 5). An over-opaeified bladder will obseure the prostate 
and 10-20 ce of 60% eontrast material should be used in these patients. 

Evaluation of the lateral pelvie soft tissues is better aeeomplished 
by C.A.T. seanning than by any other noninvasive teehnique (1), sinee 
the museles and lymph nodes ean easily be demonstrated. Node masses are 
easily identified and ean be followed during therapy (Fig. 6). If a 
lymphogram has been performed, C.A.T. will show residual nodal eontrast 
when it is no longer deteetable by radiography. While enlargement of 
nodes is the primary abnormality deteetable at C.A.T., nodes whieh have 
been opaeified previously may have an identifiable filling defeet whieh 
is seen as a bizarre eonfiguration. 

An important applieation of C.A.T. in the pelvis is the demonstration 
of the position of the ureters in a eomplex pelvie mass or in the post
operative patient. An infusion of about 300 ce of 30% eontrast medium, 
prior to and during the seanning, will generally lead to eonsistent 
filling of the ureters. The ureters are demonstrated running antero
lateral to the psoas museles and then running laterally at the pelvie 
brim and finally eonverging towards the trigone. In the presenee of 
endometriosis or extensive inflammation or neoplasm, ineorporation of 
a ureter into the lesion is sometimes seen, or it may be simply dis
plaeed or eompressed by the mass (Fig. 7). This information is valuable 
to the surgeon and eannot be obtained in any other fashion. 

Summary 

The uses of C.A.T. in the pelvis are still being defined. At present, 
ultrasound remains the primary diagnostie tool in the pelvis, both be
eause it does not require ionising radiation and beeause the informa
tion it provides is equal to or better than C.A.T. in most situations. 
There are, however, several eireumstanees in whieh C.A.T. should be 
eonsidered. These inelude: patients who eannot adequately distend the 
urinary bladder, thus limiting the ultrasound; staging or follow-up 
of lateral pelvie masses whieh are not well demonstrated at ultrasound, 
and the need to demonstrate the position of the ureters relative to a 
eomplex pelvie mass. 
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Fig . Fig . 2 

Fig. 1. Bladder tumour. Two C.A.T. sections demonstrate intraluminal tumour (arrow) 
as well as tumour extension to right lateral pelvic sidewall 

Fig. 2. Uterine leiomyomata. uterus is enlarged and has a distorted contour. Uterine 
cavity (arrow) is demonstrated, a somewhat unusual occurrence due to the multiple 
leiomyomata 

• 

a b 

Fig. 3a and b. Ovaries. (a) C.A.T. scan performed 5 cm cephalad to the symphysis 
demonstrates both ovaries (arrows) lateral to the bladder. Uterus is largely obscured 
by contrast material in bladder. (b) Transverse ultrasound in same patient 5 cm 
cephalad to symphysis demonstrates uterus better. Only one ovary is seen (arrow) 
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Fig. 4a-c. Ovarian carcinoma. (a) Soft tissue mass is seen involving entire pelvis 
on a section 5 cm cephalad to the symphysis. Both cystic and solid components are 
seen. Bowel is intimately related to mass. (b) Transverse ultrasound at same level 
also reveals complex nature of mass. At surgery, massive bilateral cystadenocarcinoma 
of ovaries was found which was unresectable. (c) C.A.T. section 8 cm cephalad to the 
symphysis demonstrates right hydroureter (arrow). Tumour mass extended cephalad at 
least 3 more centimetres 

Fig. 5 Fig . 6 

Fig. 5. Prostatic enlargement. Enlarged prostate is seen impressing dorsal surface 
of bladder (arrow) on a section 1 cm cephalad to the symphysis. Regions of the seminal 
vesicles and rectum are also demonstrated 

Fig. 6. Recurrent ovarian carcinoma, 5 months following resection and radiation. 
Patient was unable to distend her bladder for ultrasound. C.A.T. demonstrates re
current tumour mass (arrow) along pelvic sidewall. Adjacent enlarged nodes are seen. 
Scans done in the lower abdomen revealed tumour involvement of para-aortic chain 
bilaterally 
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e f 

Fig. 7a-f. Ureters. (a) Large uterine leiomyoma is demonstrated to displace but 
not involve bothureters (arrows). (b) Ultrasound at same level reveals more about 
internal architecture of mass but does not demonstrate ureters. (c) C.A.T. section 
9 cm cephalad to the symphysis in a patient with extensive endometriosis, reveals 
that right ureter (arrow) has been incorporated in the wall of a large cystic rnass. 
(d) Ultrasound of cyst. (e) C.A.T. 3 cm above the symphysis dernonstrates a smaller 
cyst as well as a soft tissue mass e ngulfing uterus and impressing bladder. (f) Ultra
sound at this level shows both cystic and solid cornponents but does not suggest the 
extensiveness of the abnorrnality quite as fully 



C.A.T. ofthe Soft Tissues 
H. C. Redman* 

The ability of C.A.T. scanners to detect slight differences in tissue 
density allows the radiologist to evaluate the various soft tissues 
of the body, an opportunity never be fore available. Not only does this 
present new diagnostic possibilities for most radiologists, it means 
relearning soft tissue anatomy in cross-section. The variety of lesions 
which can theoretically be evaluated is legion. 

The soft tissues of the lower extremities are easily studied and pro
vide their own internal control. The upper extremities present a slight
ly greater technical problem and often must be studied positioned lat
eral to the torso. An alternative is to place them fully extended above 
the head, a position difficult to maintain for many people. The muscle 
masses within the extremities are well demonstrated, and diffuse swel
ling can be distinguished from a discrete mass or haematoma (Fig. 1). 
Lipomas can be identified (Fig. 2) but it is unlikely that the histo
logical nature of other soft tissue masses will be specifically de
termined with current technology since there is significant overlap 
in the tissue densities of the various lesions. 

The thoracic and abdominal wall musculature and that of the retro
peritoneum and pelvis are also well seen at C.A.T. scanning. Tumour 
occurring in a scar can generally be distinguished from exuberant scar 
tissue or inflammation (Fig. 3). Neoplastic invasion of the psoas mus
cles and other muscles of the retroperitoneum and pelvis is seen as 
asymmetrical enlargement (Fig. 4). Extent of tumour involvement can be 
defined, aiding in radiation therapy planning, since the configuration 
of the tumour can be determined in three dimensions. 

In summary, C.A.T. scanning has the capability of evaluating soft tis
sues never be fore accessible to diagnostic radiology. The information 
available can be used to determine surgical and radiation treatment 
plans. 

*Mt. Zion Hospital and Medical Center, San Francisco, University of California 
School of Medicine, and Stanford University School of Medicine. 
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Fig. 1. (a) Diffuse swelling right thigh following total hip prosthesis. Comparison 
with opposite thigh shows that each muscle belly is enlarged and no discrete haematoma 
is demonstrated. (b) Haematoma following total hip prosthesis. Muscle bellies are 
displaced and distorted by an extensive haematoma which involved much of the thigh 

Fig. 2. Lipoma of the thigh. Low density lesion (arrows) is seen lateral to the 
museies of right thigh. A smaller lipoma is present dorsallyon the left thigh 

a b 

Fig. 3a and b. Anterior abdominal wall pathology. (a) Scarin anterior abdominal 
wall following surgery and radiation therapy for neoplasm. Palpation had raised the 
question of tumour recurrence near incision. (b) Tumour recurrence in anterior ab
dominal wall. A nodule is seen in the soft tissues and there is involvement of mus
cular wall, which is irregular and distorted 
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Fig. 4a and b. Retroperitoneal xanthosarcoma. (a) Section 9 cm caudad to the xyphoid 
reveals a large left retroperitoneal mass displacing left kidney laterally. Aorta 
is completely obscured. (b) Section 3 cm caudad to umbilicus. The mass, though smal
ler, is distorting left psoas muscle 



The Liver and Pancreas 

Imaging the Liver and Pancreas - A Clinician's View 
P. B. Cotton* 

When considering the potential role for computed tomography of the ab
domen, it is appropriate to consider the extent to which current diag
nostic techniques satisfy clinical demands. Any review must have a 
strong personal bias. With so many possible techniques and refinements, 
a comprehensive and objective assessment is impossible. The literature 
is full of contradiction and confusion, largely because many results 
depend as much upon the workman as on his tools. 

In the context of hepatic and pancreatic disease there are several 
cornrnon questions: 

1. Jaundice - medical or surgical? 
2. Does the liver contain metastases? 
3. Is the pancreas normal or abnormal? 
4. Pancreatic disease - is it cancer or pancreatitis? 
5. Relapsing pancreatitis - is there a local lesion which may require 
surgery? 

Jaundice 

The clinician's main concern is to detect those patients with extra
hepatic obstruction, who need surgery, and those without, who must be 
protected from surgery. In many patients this distinction between med
ical and surgical jaundice is difficult. The critical discriminating 
test is a cholangiogram, for which many routes are now available. How
ever, precedence is usually given to non-invasive methods including 
plain radiography, barium studies and isotopic liver scanning. Unfor
tunately, these are rarely helpful. Radio-opaque gallstones and pan
creatic calcification may be apparent on a plain radiograph, but do 
not absolutely define the cause of jaundice. Demonstration of varices 
on a barium meal is obviously of relevance, and adefinite abnormality 
of the duodenal loop suggests that a pancreatic lesion is present. 
Finer abnormalities of the duodenal loop and the papillary region are 
more difficult to interpret. Hypotonie duodenography is more accurate, 
but this technique is being superseded by fibreoptic duodenoscopy, at 
which specimens can be taken for histology or cytology. One disadvantage 
of a barium meal is that residual barium in the intestine may delay 
further radiology. Standard isotopic liver scanning has proved rather 
disappointing. Demonstration of a small liver and enlarged spleen is 
good evidence for chronic liver disease, and large filling defects in 
the liver are obviously relevant. However, clinical experience dictates 
that reports of less definite abnormalities should be interpreted with 
caution. In particular, attempts to diagnose large duct obstruction 
from a hilar scan defect are liable to observer variation and error. 

*Gastrointestinal Unit, The Middlesex Hospital, London. 
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Dynamic isotopic scans are of more interest and potential value. Radio
actively labelled BSP, Rose Bengal, and experimental pharmaceuticals 
can be followed by sequential scanning through the liver, gallbladder, 
bile duct and intestine, and an isotopic cholangiogram can be con
structed (11). A high degree of accuracy has been claimed for this 
technique in the differential diagnosis of jaundice, and further eval
uation is awaited. 

In many centres the diagnostic approach to obscure jaundice has con
sisted mainly of prolonged observation and eventual laparotomy. This 
expensive and potentially hazardous method is no longer appropriate 
or necessary. Cholangiograms can be obtained by many routes: percutane
ous transhepatic (PTC), transjugular, transumbilical, or laparoscopic. 
Recently it has become possible to cannulate the bile duct via the 
papilla of Vater under direct vision using a fibreoptic duodenoscope 
(ERCP) (3). We have provided a definitive diagnosis in 89 of our last 
100 jaundiced patients, without any complications. However, ERCP is 
not an easy technique to learn, and its use in jaundice has recently 
been challenged by the increasing popularity of fine needle PTC. 
In expert hands this technique has high success rates for both dilated 
and normal duct systems, and it also provides a method for preoperative 
biliary decompression which may improve surgical results. One randomised 
comparison showed that fine needle PTC was most effective when ducts 
were dilated, and ERCP more accurate when they were not (6). A method 
for pre-selection would be helpful; this is precisely the potential 
role for computed tomography, and indeed for grey-scale ultrasonography 
(13). An imaging technique which can demonstrate dilated intrahepatic 
ducts with or without a dilated gallbladder would short-cut the diag
nostic process. 

Does the Liver Contain Metastases? 

This question arises in two main contexts - preoperative assessment of 
patients with primary malignancy, particularly in the gastrointestinal 
tract, and as part of the diagnostic process in patients with general 
malaise and disturbed liver function. Diagnosis or exclusion of hepatic 
metastases is often a crucial factor in patient management and clini
cians need reliable information. In practice this usually means liver 
histology, taken by needle puncture, or during laparoscopy or open 
operation. British use of angiography in this context is strictly lim
ited. An accurate non-invasive technique would be preferable. Isotopic 
liver scans can demonstrate space-occupying lesions, but resolution 
is not sufficient to allow clinical reassurance from anormal scan re
port. Preliminary assessments of grey-scale ultrasonography (13) and 
computed tomography are of considerable interest, and new studies are 
awaited. 

Pancreatic Imaging and Diagnosis 

The assessment of diagnostic tests in patients with liver disease and 
jaundice is relatively simple, since most patients come quickly to an 
independent diagnostic conclusion. This is not so in pancreatic disease, 
particularly chronic pancreatitis. A diagnosis based on histology is 
available only in patients with disease severe enough to require sur
gery. Pancreatic calcification is an excellent marker, but is also a 
late phenomenon. Thus the efficiency of diagnosis of chronic pancre-' 
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atitis in any institution can be expressed as the reciprocal of the 
percentage of such patients who have calcification. Any assessment of 
the accuracy of a diagnostic method (scanning or function testing) 
based on the clear end-point of pancreatic calcification is clinically 
totally irrelevant. At this stage the diagnosis is already established 
and diagnostic tests are unnecessary. They are needed in the grey area 
of clinical doubt, in less severe disease, where there may be no im
mediate and independent diagnostic arbiter. Indeed sometimes the test 
being assessed is even used as one of the criteria for the final diag
nosis. The literature on pancreatic diagnostic tests is further con
fused by the important factor of individual skill. The results of pan
creatic function testing, isotope scanning, ultrasonography, arterio
graphy and pancreatography all depend as much upon the experience and 
diligence of the investigator as upon the technique used. The author 
uses the same golf clubs as Jack Nicklaus but does not always achieve 
the same results. 

Tests must be assessed in the clinical context. In patients with obscure 
pain, the clinician needs a method which will document pancreatic nor
mality or abnormality; either ability is useful, and both are rare. 
When a patient is known to have pancreatic disease (a mass, or pain 
with raised serum amylases) the question is different: is it cancer 
or pancreatitis? Thirdly, in patients with relapsing pancreatitis the 
question concerns the demonstration or exclusion of a local lesion such 
as duct obstruction or a pseudocyst for which surgery might be appro
priate. Different tests may be relevant to different questions. 

An abnormal result from a carefully performed pancreatic function study 
indicates pancreatic disease, but cannot separate pancreatitis from 
cancer, unless cytology is added. Anormal result does not exclude 
painful pancreatitis or distal cancer. In relapsing acute pancreatitis 
a low bicarbonate output suggests duct obstruction. 

Pancreatic isotope scanning is easy for patients and generally avail
able, but overall results have been disappointing. An abnormal scan 
is meaningless. Most proponents of isotope scanning rest their case on 
the contention that a perfectly normal isotopic image virtually excludes 
chronic pancreatic disease. This was certainly true in one British 
study (12), but other large surveys have found false negatives in up 
to 21% of scans (1). Our most recent assessment of pancreatic isotope 
scanning has led us to discontinue its use. Amongst 30 patients with 
an unequivocally normal scan, there were 14 with definite pancreatic 
disease. 

Arteriography is one field where the effect of individual expertise is 
apparent. Some individuals achieve results of high accuracy (7), but 
these are available in few British centres. Vascular alterations in
dicate advanced pancreatic disease, and give guidance concerning the 
surgical approach. However, anormal arteriogram does not exclude 
chronic pancreatitis or carcinoma and their radiographic distinction 
may be difficult. 

The author confesses a bias towards pancreatography, of which he has 
the most experience. An individual offering a particular technique 
will often see the worst results of other techniques - not only because 
he wishes to do so, but also because the failure of other techniques 
may have led to the patient's referral. Pancreatography is only part 
of endoscopic retrograde cholangio-pancreatography (ERCP) (3). A method 
which allows a complete survey of the stomach, duodenal loop, papilla, 
biliary and pancreatic duct systems is a powerful tool in the investiga
tion of obscure abdominal pain. In experienced hands a pancreatogram 
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can be obtained in over 90% of patients - failures usually being at
tributable to local disease or surgery. 

Pancreatitis is a condition with a spectrum of severity, from a single 
acute attack with complete histological and functional recovery to 
end-stage disease with a destroyed and calcified gland. The incidence 
of abnormal pancreatograms (as well as arteriograms and scans) depends 
where chronic pancreatitis is defined within this spectrum. In many 
patients with relapsing acute pancreatitis the pancreatogram is normal. 
In late disease with abnormal function, all pancreatograms are abnormal. 
Between these extremes lie the majority of patients with relapsing 
pancreatitis. Pancreatograms usually show duct abnormalities such as 
strictures or complete obstruction, and provide a vital map on which 
to plan surgical triumphs. In this context anormal pancreatogram is 
not misleading. Indeed it is helpful in guiding patients and clini
cians away from surgery. When a pancreatogram is normal and the diag
nosis of pancreatitis remains in doubt, pure pancreatic juice can be 
collected from within the duct system at ERCP. This technique has 
considerable diagnostic and research potential (4). 

Most pancreatic cancers are advanced and incurable at the time of clin
ical presentation. ERCP provides an accurate method of diagnosis, par
ticularly of tumours of the papilla which may have a good prognosis. 
ERCP has allowed a firm diagnosis in 82% of our last 55 cases of pan
creatic cancer. Failures included 3 patients with equivocal radiology, 
and 7 where cannulation failed. In 1 patient the main pancreatic duct 
system was normal. When a pancreatogram shows complete obstruction, 
the distinction between chronic pancreatitis and carcinoma may be dif
ficult on the radiographic appearances alone. Endoscopic histology or 
cytology (9) may be diagnostic, but in some cases the clinical history 
is the major discriminator. 

Patients with subacute pancreatitis or chronic problems following an 
acute attack may have a pseudocyst. Pancreatography is not an appro
priate diagnostic method; cysts are rarely visualised, since less than 
half connect with the duct system. When contrast enters the cyst, there 
is a significant risk of sepsis. 

Ultrasound scanning has been used for many years for the detection of 
pancreatic psuedocysts. The newer grey-scale technique allows more 
detailed pictures and should be a routine procedure in all patients 
with recurrent pancreatitis. In the hands of experts high accuracy is 
now also claimed for the diagnosis of cancer and chronic pancreatitis 
(2, 5, 10). A striking development is percutaneous pancreatic biopsy 
using ultrasonic guidance (8). 

For clinicians interested in pancreatic diagnosis, the main interest 
over the next few years will be the developing interface between grey
scale ultrasonography and computed tomography. Both must be judged in 
the clinical context, and in their answers the specific clinical ques
tions. The final test for any technique is not its performance in the 
hands of pioneer experts, but its everyday results in routine depart
ments; its success can then be judged by the number of requests. No 
technique can claim to be of clinical value unless it is actually avail
able to the patient. 
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C.A. T. of the Pancreas 
1. Husband and L. Kreel * 

Introduction 

Computerised tomography is a new development in the non-invasive imaging 
of intra-abdominal disease. Anatomical structures are displayed in a 
way which has not been possible previously. 

The normal pancreas is clearly shown in the majority of patients. This 
is a study of 82 patients with suspected pancreatic disease examined 
by computerised tomography using the EMI whole body scanner. The aims 
of the study were to define the radiological signs of pancreatic disease 
and to assess the accuracy of this technique in the demonstration of 
pancreatic lesions. 

Material and Methods 

Eighty two patients with suspected pancreatic disease were examined 
by computerised tomography using the EMI whole body scanner. 

All patients reveived a low residue diet for 3 days prior to the exam
ination to reduce the amount of bowel gas and received oral calcium 
phosphate (400 mg t.d.s.) for a similar per iod to show the position 
of the colon. Propantheline (30 mg i.m.i.) was given 10 min be fore the 
examination to overcome streak artefacts caused by gas in moving bowel. 

A slit beam radiograph of the chest and abdomen was taken in the supine 
position. This film is known as the 'scanogram'. Lead markers were 
placed on the skin of the patient so that the level of each tomographic 
slice could be related to the exact anatomical site of the 'scanogram'. 
The position of the pancreas was determined by review of previous 
radiological studies. Gas in the duodenal loop on the 'scanogram' was 
also a helpful localising sign. Scans were taken at l-cm intervals 
through the pancreas and at 1.5-cm intervals through the liver. 

Results 

Table 1 shows the final diagnosis achieved by laparotomy, post-mortem 
or biochemical analysis in 76 patients with suspected pancreatic disease. 
In 4 patients the lesion demonstrated remains unconfirmed and in 2 
artefacts obscured the pancreas. 

*Division of Radiology, Clinical Research Centre and Northwick Park Hospital, 
Harrow. 



Table 1. Suspected pancreatic disease final diagnosis in 76 patients 

Normal 26 
Pancreatitisa 25 
Tumours a 26 

aOne patient included in two groups. 

Normal Pancreas - 26 Patients 
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Anormal pancreas was clearly shown by computerised tomography in 26 
patients. In one of these patients the head showed a scalloped contour 
subsequently shown to be a separate ventral head of pancreas. 

Table 2. False positive examinations 

Clinical diagnosis 

1. ? Tumour in tail 
2. ? Tumour in tail 
3. Chronic pancreatitis 
4. ? Pancreatitis 

C.A.T. 

Mass in tail 
Mass in tail 
Enlarged body and tail 
Irregular pancreas 
Chronic pancreatitis 

Final diagnosis 

Laparotomy normal 
Laparotomy normal 
Laparotomy normal 
No laparotomy 
u/s normal 

In 3 patients the C.A.T. scan was incorrectly interpreted and in 1 
patient the interpretation was probably incorrect (Table 2). Three of 
these false positive examinations were due to incorrect diagnosis in 
the region of the tail of the pancreas. 

Pancreatitis - 25 Patients (Table 3) 

Table 3. Signs of pancreatitis - 25 patients 

No. of patients 

Pancreas enlarged 'Mass l (1) 8 
Localised (6) 
Diffuse ( 1) 

Inflammatory change 8 

Calcification 6 

Pseudocyst Well defined (2) 6 
III defined ( 1) 

Extra pancreatic 
effusion ( 3) 

Normal scan 

Radiological signs of pancreatitis were demonstrated by computerised 
tomography in 24 patients. In one patient the C.A.T. scan was normal 
hut laparotomy revealed histological evidence of pancreatitis. Eight 
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patients showed more than one sign of pancreatitis. Enlargement of the 
pancreas was seen in 8 patients. One patient presented with obstructive 
jaundice due to a 'mass' in the head of the pancreas. This was clearly 
shown by computerised tomography and also by ultrasound, but it was 
impossible to exclude a tumour. Follow-up examination 4 weeks later 
showed complete resolution of the mass. Localised enlargement was seen 
in a further 6 patients. Diffuse enlargement of the whole pancreas was 
shown in 1 patient (Fig. 1). 

Inflammatory change was demonstrated in eight patients. Signs of in
flammation included irregularity of the borders of the pancreas, in
filtration of surrounding fat by strands of tissue and thickening of 
the mesentery, diaphragm and peritoneum. 

Severe loss of body fat was shown in four patients. All these patients 
showed other signs of pancreatitis. These included pancreatic calcifi
cation, localised enlargement and fat replacement in the head. Although 
chronic calcific pancreatitis was suspected in seven patients (Table 
4), in two the calcification, demonstrated by conventional radiography, 

Table 4. Calcification - 8 patients 

Pancreatic 

1. Early calcific pancreatitis 
2. Dense calcific pancreatitis 5 

Extra-pancreatic 

In lymph nodes 2 

was shown by C.A.T. to be extra-pancreatic. In both these cases the 
calcification was shown to be in lymph nodes and in one calcification 
was also present in a large gastric ulcer. In one patient calcifica
tion was demonstrated by computerised tomography but this had not been 
shown on the plain abdominal film. 

In five patients dense calcification was present in the pancreas which 
was clearly visible by conventional techniques. In one further patient 
fine calcification was demonstrated in the head of the pancreas which 
was not visible on the plain films of the abdomen (Fig. 2). In addition 
to calcification other signs of pancreatitis were also shown in this 
group of patients. These signs included loss of body fat, fat replace
ment in the head surrounding the calcification, localised enlargement, 
inflammatory change and dilatation of the pancreatic duct (Fig. 3). 

'Pseudocysts' were shown in 6 patients. These have been divided into 
three types for descriptive purposes. 

2Ype I. Circumscribed cysts with a well-defined wall were shown in two 
patients. One was in the head of the pancreas and one in the tail (Fig. 
4). There was no difficulty in distinguishing these low-density lesions 
from tumours. 

2Ype II. A large ill-defined cyst with an irregular outline was demon
strated in one patient who had presented with acute pancreatitis. The 
C.A.T. also showed moderate ascites. 

2Ype III. Extra-pancreatic collections of fluid were shown in three pa
tients. In two of these the fluid collections were situated in the ab
domen adjacent to the psoas muscle. An unsuspected mediastinal effusion 
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was demonstrated in the third patient, who also had a loculated right
sided pleural effusion. 

Tumours - 26 Patients 

Tumours of the pancreas were composed of carcinomas and endocrine tu
mours. One patient had a mucoid adenocarcinoma of the colon with dif
fuse peritoneal infiltration (Table 5). Carcinoma of the pancreas was 
unequivocally demonstrated by computerised tomography in all 19 pa
tients. In 17 patients the lesion was in the head of the pancreas and 

Table 5. Tumours - 26 patients 

Carcinoma 

Endocrine 

Head - 17 
Body - 2 

Gastrinoma - 3 
Insulinoma - 2 
Glucagonoma -

Mucoid adenocarcinoma of colon 

No. of patients 

19 

6 

in 2 it was situated in the body. In one patient a carcinoma in the 
head of the pancreas was shown to be associated with dilatation of the 
gall bladder and intrahepatic bile ducts (Fig. 5). The stomach was also 
dilated due to partial obstruction of the duodenum. 

Carcinomas were shown to have only a very slightly higher density than 
normal pancreatic tissue. The smallest carcinoma demonstrated in this 
series was 4 cm in diameter (Fig. 6). 

Endocrine tumours were diagnosed in six patients on clinical and bio
chemical grounds. There were three gastrinomas, two insulinomas and 
one glucagonoma. Computerised tomography failed to demonstrate the 
primary lesion in five patients. However, two of these patients were 
shown to have possible secondary deposits in the liver after contrast 
enhancement. In one patient a large cystic glucagonoma in the head of 
the pancreas was demonstrated, as well as chronic calcific pancreatitis 
in the tail. 

Miscellaneous Group - Five Patients 

1. Secondary deposits were demonstrated in two patients. One had small 
peripheral deposits in the lungs and the other large deposits in the 
liver. 

2. A final diagnosis of primary biliary cirrhosis was made in two pa
tients, and in both of these patients the C.A.T. scans showed marked 
diffuse enlargement of the pancreas. These findings are unconfirmed. 

3. Artefacts obscured the pancreas in two patients but no gross lesion 
was visible. 
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Comments 

The results of computerised tomography in this study of 82 patients 
are shown in Table 6. The correct diagnosis was made in 66 patients. 
There were four false positive examinations (Table 2). The lesion was 
not demonstrated in 6 patients, of whom 5 had endocrine turnours. The 
diagnosis remains unconfirmed in 4. 

Table 6. Results - computerised tomography of the pancreas 

Total Correct False + ve False - ve Lesion Technical 
diagnosis unconfirmed failures 

82 66 4 6 4 2 

Discussion 

The normal pancreas is clearly shown by computerised tomography in the 
majority of patients. A layer of fat surrounds the pancreas and helps 
to differentiate it from adjacent small bowel, which has the same den
sity as pancreatic tissue. However, in some patients difficulty does 
arise in distinguishing the head of the pancreas from the duodenum and 
the tail from the jejunum. In our series of 82 patients three false 
positive examinations were due to misinterpretation of appearances of 
the tail of the pancreas which appeared to be enlarged because of ad
jacent jejunum. In an attempt to overcome this important problem a 
positive contrast medium is being routinely used to act as a marker 
in the duodenum and jejunurn. Ten minutes be fore the examination, 2.5 
ml sodiurn/meglumine diatrizoate (Gastrografin) diluted in 500 ml water 
is given orally. Although our experience is limited, we have already 
found this preparation most valuable. 

The radiological signs of pancreatitis are well shown by computerised 
tomography. Although there is little difficulty in making the diagnosis 
of chronic calcific pancreatitis by conventional techniques, computer
ised tomography has revealed additional signs of disease not shown by 
other methods of investigation. These include inflarnrnatory change around 
the pancreas, loss of body fat, fat replacement in the head of the 
pancreas and dilation of the pancreatic duct. Fine calcification, not 
demonstrated by ultrasound or conventional radiology, was shown in the 
head of the pancreas in one patient (Fig. 2). Chronic calcific pan
creatitis had been diagnosed in two patients who showed evidence of 
calcification on plain films of the abdomen. However, computerised 
tomography showed that the calcification was extra-pancreatici the 
pancreas in both patients was unequivocally normal. This information 
was extremely valuable in further management of these patients. 

The diagnosis of pseudocyst is important as surgery is indicated. For 
descriptive purposes we have divided pseudocysts into three types. Type 
I is the well-defined circumscribed lesion with a definite wall. Type 
11 is an ill-defined irregular cyst. This type of lesion was seen in 
one patient who also had moderate ascites. A possible explanation of 
these appearances is that the cyst had ruptured, producing ascites, and 
leaving an incompletely filled cavity in the pancreas. Extra-pancreatic 
collections of fluid (Type 111) were demonstrated in three patients. 
One patient was known to have a right-sided pleural effusion. Computer
ised tomography demonstrated a large unsuspected mediastinal effusion 
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surrounding the oesophagus. Collections of fluid adjacent to the psoas 
museie were demonstrated in two further patients. 

Evidence of pancreatitis without cyst formation or calcification was 
demonstrated in 13 patients. The diagnosis was confirmed by abnormal 
pancreatic function tests and laparotomy. Computerised tomography was 
valuable in these patients because pseudocyst formation and calcifica
tion were reliably excluded. 

The C.A.T. scan may certainly be normal in the presence of pancreatitis 
as was shown by one patient with histological evidence of disease. How
ever, C.A.T. scanning in these cases is concerned with excluding pseu
docysts, calcification and tumours. 

Large tumours of the head of the pancreas present no difficulty in 
diagnosis by conventional techniques. Computerised tomography not only 
shows the exact size and site of the primary mass but also demonstrates 
secondary changes in other organs (Fig. 5). These include metastases 
in the liver, dilatation of the gall bladder and intrahepatic bile 
ducts. It is important to note that all this information is gained from 
a single non-invasive examination by computerised tomography. 

It has been reported that the density of carcinoma of the pancreas does 
not differ significantly from normal pancreatic tissue (1). However, 
we have found that tumours do appear a little denser than the normal 
pancreas, but the recognition of tumours depends largely on the abnormal 
contour of the gland produced by these lesions. The smallest carcinoma 
diagnosed in this series was 4 cm in diameter. The lesion was situated 
in the body of the pancreas and projected posteriorly, overlying the 
superior mesenteric artery. 

Endocrine tumours are usually very small and do not alter the contour 
of the pancreas. We have been unableto demonstrate the majority of these 
lesions up to the present time, but it is hoped that future develop
ments in the use of contrast media or in computerised tomography may 
overcome this problem. 

Primary biliary cirrhosis was diagnosed in two patients by the demon
stration of mitochondrial antibodies and other confirmatory clinical 
evidence. Both ultrasound and computerised tomography demonstrated a 
diffusely enlarged pancreas in each of these patients. The significance 
of these findings is not clear and further investigation of patients 
with biliary cirrhosis is necessary before adefinite conclusion can 
be made from these observations. 

Preparation of the patient is important in reducing the incidence of 
arte facts caused by bowel movement and includes the reduction of bowel 
gas and the use of anticholinergics. Artefacts, particularly those due 
to movement, obscure the pancreas and the examination is therefore of 
little value. 

At the present time, it therefore seems likely that computerised tomo
graphy will have an important role in the demonstration and diagnosis 
of pancreatic disease. 

Summary 

Eighty two patients with suspected pancreatic disease have been examined 
by C.A.T. using the EMI whole body scanner. The patients were divided 
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into three main groups according to the final diagnosis obtained by 
laparotomy, post-mortem or biochemical analysis. The aims of the study 
were to determine the radiological signs of pancreatic disease shown 
by computerised tomography and to assess the accuracy of this technique 
in the demonstration of pancreatic lesions. Results demonstrate that 
pancreatic lesions are clearly shown in the majority of patients. There 
were six false negative examinations, of which five were in patients 
with endocrine tumours; these tumours are usually too small to be re
cognised by computerised tomography. Three of the four false positive 
examinations were due to misinterpretation of appearances in the region 
of the tail of the pancreas. 

It is hoped that these errors will be considerably reduced in the future 
as further experience in computerised tomography is gained. 
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~ Pancreatitis - dif
fuse enlargement of the pan
creas (arros) 

Fig. 2. Chronic pancreatitis -
calcification in the head of 
the pancreas (arrows) 
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Fig. 3. Chronic calcific 
pancreatitis. Calcifica
tion and fat replacement 
in head of pancreas 
(arrows); loss of intra
abdominal fat 

Fig. 4. Pseudocyst in 
tail of pancreas (arrows) 
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Fig. 5. Carcinoma of 
head of pancreas (short 
arrows) . Dilated intra
hepatic bile ducts 
(long arrow). G.B.: 
gall bladder 

Fig. 6. Carcinoma of 
bOdy of pancreas 
(arrows) 



C.A. T. in Aeute and Chronie Panereatitis 
A. L. Baert, E. Ponette, 1. Pringot, G. Marchal, A. Dardenne, and Y. Coenen* 

Introduction 

Not longer than 15 years aga the only available morphological inför.ma
tion about the pancreas was given by radiographs of the abdomen, the 
stomaeh, the duodenum and the biliary system. 

From about 1960 onwards several other methods were developed: pancreatic 
scanning with 75Se- (selenomethionine) arteriography, ultrasound and 
endoscopic retrograde cholangiopancreaticography (E.R.C.P.). 

However, arteriography and E.R.C.P. pose technical problems, and the 
quality of the image obtained by pancreas scanning with isotopes and 
by ultrasound has the intrinsic limits of these mebhods (4). 

With respect to C.A.T. we will try to answer two questions: 

1. Is C.A.T. able to visualise the pancreas? 
2. What is the value of C.A.T. in the diagnosis of pancreatitis? 

Patients 

From May 1976 onwards we examined the pancreas in 81 patients; in 3 
of them a follow-up examination was performed. 

The criteria for the final diagnosis were either the findings from 
surgical intervention or from a combination of clinical and biochemical 
data, conventional X-ray examination, ultrasound, E.R.C.P. and anterio
graphy. 

The pancreas was considered to be normal according to these criteria 
in 31 of the patients examined. In 28 patients the diagnosis was pan
creatitis; 11 had acute and 17 chronic pancreatitis. In 8 patients 
with chronic pancreatitis, calcifications were present. It should be 
pointed out that the patients with pseudocysts have been included in 
these numbers. Three of these pseudocysts were complications of acute 
pancreatitis whereas the 2 remaining developed in the context of a 
chronic pancreatitis (Table 1). 

*Dept. of Radiology K.U.L. (Dir. Prof. A. Baert) and Dept. of Radiology U.C.L. (Dir. 
Prof. P. Bodart). 



Table 1. Final diagnosis in patients referred for C.A.T. of the pancreas 

Number of patients 

Normal pancreas 

Pancreatitis 

31 

- acute 11 
- chronic: calcified 8 

non-calcified 9 
- with pseudocyst (5) 

Tumour 7 

Miscellaneous 3 

Inconclusive 12 

Methods 

81 
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The patients were routinely examined in a fasting state of at least 
12 hours. 

The exarnination was begun in the supine position. One mg. Glucagon was 
injected intravenously in order to decrease bowel movements. Initially, 
this was followed by intravenous administration of an uro-angiographic 
contrast medium, in order to improve the X-ray absorption by visceral 
organs. It is, however, our experience that the ga in in intra-abdominal 
contrast differences obtained by this method was not very impressive. 
Moreover, scattering arte facts due to excessive contrast in the renal 
pelvicalyceal system frequently reduced the quality of the limage. 

The display of the head, body and tail of the pancreas in a single 
plane was obtained more easily by tilting the scanner 10-150 in the 
cranio-caudal direction, as foreseen by HAAGA (1). 

A second series of scans was performed after turning the patient on 
the right side and after oral ingestion of a 5% solution of Gastro
grafin. 

This technique, also described by HAAGA (1), offers the following ad
vantages: 

1. A decrease of the respiratory movements of the right diaphragm and 
consequently of the liver and the pancreatic head. 

2. The Gastrografin solution opacifies the gastric and duodenal lumen, 
distinguishing them from the pancreatic parenchyma so that a very 
satisfactory outline of the pancreas is obtained. 

In this way arte facts due to air in the stomach, disturbing the anterior 
margin of the pancreas can be avoided. However, it is important that 
a sufficient quantity of Gastrografin should be ingested. Otherwise, 
the intragastric air-fluid level is not situated sufficiently high, 
so that the image of the tail of the pancreas is disturbed. 

3. The relationship between stomach, duodenum, liver and pancreas 
changes, decreasing the artefacts due to superimposition of these or
gans. 



384 

Pseudotumoral images caused by small intestinal loops adjacent to the 
pancreas in the supine position can disappear in the right decubitus 
position. 

In some instances we performed C.A.T. of the pancreas combined with 
intravenous cholangiography. It was then possible to assess the spatial 
relationship between the common bile duct, the head of the pancreas 
and the medial border of the descending duodenum, which is opacified 
by the presence of the cholangiographic contrast medium in some patients. 

The analysis of the results of our technique demonstrates that the 
pancreas was more frequently visualised in right decubitus in associa
tion with Gastrografin then in dorsal decubitus. The best results have, 
however, been obtained with a combination of both techniques. In this 
way the success rate was 85% (Table 2). 

Table 2. Success ratio in visualising the pancreas by C.A.T. 

(1) Dorsal decubitus 

49% 

Results 

(2) Right decubitus 
with Gastrografin 

59% 

Morphological Anomalies 

Combination of 
(1) and (2) 

85% 

In the analysis of the C.A.T. images of the pancreas the following 
parameters have been studied: 

1. We measured the antero-posterior diameter of the head, body and 
tail of the pancreas in relation to the transverse diameter of the 
vertebral body, as proposed by HAAGA (1). In addition, his criteria 
of the dimensions of the normal pancreas have been used. 

2. An obvious irregularity of the contour of the pancreas was considered 
as a pathological sign. 

3. An obliteration of the fat plane which separates the dorsal surface 
of the pancreas from the mesenteric vessels, aorta and vena cava was 
also considered to be pathologieal. 

4. A non-homogenous density in the pancreas was considered to be patho
logical in so far as it was caused either by calcifications or by a 
visible area of hypodensity, confirmed by numerical densitometry. 

Acute PanaPeatitis 

In biochemically proven cases of acute pancreatitis, enlargement of 
the pancreatic gland was the most frequently observed pathological 
sign. 

This enlargement can be diffuse or localised (Fig. 1). 

However, we found that anormal volume of the gland can be present in 
patients with acute pancreatitis. Two other features can occur in acute 



pancreatitis: (1) irregularity of the pancreatic borders (2) andjor 
disappearance of the surrounding peripancreatic fat planes. 

Chronic Pancreatitis 
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It is well known from histopathological studies that the volume and 
general configuration of the pancreas can vary in relation to the de
gree of fibrosis and oedema (2). 

When the dorsal fat plane completely disappears and the great vessels 
are no longer visible in a pancreas with enlarged head and irregular 
contour, the preferential diagnosis should be a malignant tumour. How
ever, C.A.T. is unable to distinguish localised enlargement due to 
chronic pancreatitis from a neoplasm which has not invaded the sur
rounding structures. 

On the other hand, we found that a decrease of the dorsal pancreatic 
fat plane is not necessarily caused by a tumour but can also occur in 
pancreatitis. 

A decrease in the size of the gland can occur in chronic pancreatitis. 

Hitherto we did not observe proven pancreatic calcifications on C.A.T. 
which were not visible on conventional radiographs. 

In the presence of calcifications of larger size, considerable increase 
in artefacts may occur (Fig. 2). 

However, it is obvious that C.A.T. will be very helpful to prove the 
exact intra- or extrapancreatic location of upper abdominal calcifica
tions observed in conventional radiographs. 

Pseudocysts 

Due to the obvious differences in density in comparison with the sur
rounding tissues, pseudocysts can be demonstrated very easily by C.A.T. 
(3) • 

The pseudocyst can be so large that residual gland tissue is no longer 
seen (Fig. 3). In other cases the transition between the cyst and the 
gland can easily be seen. 

The wall of the pseudocyst is rather thick and its lining is very 
regular. 

A fluid-filled stomach can mimic a cyst, but the study of the relation
ship with the pancreas will prevent that error. 

We were surprised by the fact that the density values in these pseudo
cysts were always in the range of 15 to 35 delta units, which is dis
tinctly higher than in renal cysts. This can be explained by the fact 
that no clear liquid is present but a mixture of liquid, necrotic ma
terial and fibrin. 

It should be pointed out that a pseudocyst may also develop in the 
pancreatic area, proximal to a neoplastic process. 
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Statistical Analysis 

In a total number of 31 examinations in patients with pancreatitis, 
C.A.T. scan demonstrated pathological findings in 68%. All cases with 
pseudocysts were correctly diagnosed. There were no false positive 
examinations and the rate of false negatives was 16% (Table 3). 

Table 3. Diagnostic value of C.A.T. in pancreatitis 

Number of examinations: 62 - normal: 31 
- pancreatitis: 31 

False positive 

Agreement - normal: 
- pancrea ti tis 

(pseudocyst: 6/6) 

False negative 

Inconclusive 

0/31 

23/31 
21/31 

5/31 

12/62 

0% 

74% 
68% 

16% 

21~ 

Table 4. Comparative diagnostic value of C.A.T. and upper gastrointestinal X-ray 
series in pancreatitis 

Number of examinations: 45 - normal 21 
- pancreatitis: 24 

C.A.T. Upper gastro-
intestinal 

False posi ti ve 0/21 3/21 

Agreemen t - normal 16/21 18/21 
- pancreatitis 17/24 16/24 

False negative 3/21 6/24 

Inconclusive 9/45 2/45 

Table 5. Comparative diagnostic value of C.A.T. and ultrasound in pancreatitis 

Number of examinations: 36 - normal: 17 
- pancreatitis: 19 

(1) C.A.T. (2) Ultrasound Combination ( 1) and (2) 

False posi ti ve 0/17 1/17 1/17 

Agreement - normal 13/17 11/17 15/17 
- pancreatitis 14/19 12/19 17/19 

False negative 2/19 5/19 1/19 

Inconclusive 7/36 7/36 1/36 

On the basis of our limited sample the comparison between C.A.T. and 
the upper gastrointestinal X-ray series points toward a larger number 
of incorrect diagnoses with the latter method (Table 4). 

With ultrasound, we also found somewhat more false negatives and false 
positives than with C.A.T. A combination of both methods enabled us to 
increase the rate of correct diagnosis (Table 5). 
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Conelusions 

C.A.T. is a good teehnique for visualisation of the panereas! The 
sueeess rate in our series was 85%. We eneountered no false positive 
results. 

In deteeting pseudoeysts the results were exeellent. 

Similar results to those of eonventional X-ray teehnique were obtained 
in the diagnosis of ehronie ealeified panereatitis. In the non-ealei
fied form the method permits the visualisation of a deerease of the 
volume of the panereatie gland, but in eases of loeal enlargement the 
differentiation from a neoplastie proeess is diffieult. 

In aeute panereatitis a diffuse or loeal enlargement is generally ob
served. 
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a b 

Fig. la and b. Acute pancreatitis. Right lateral decubitus position. Note diffuse 
enlargement of head, body and tail of the pancreas 

Fig. 2 Fig . 3 

Fig. 2. Chronic pancreatitis. Right lateral decubitus position. Presence of multiple 
calcifications in enlarged head of pancreas 

Fig. 3. Pancreatitis with pseudocyst. Presence of a large rounded low density (delta 
numbers 20-25) mass in left hemiabdomen, situated anterior to left kidney. Note linear 
streak at dorsal side running through the retroperitoneal fat tissue in direction 
of left psoas muscle which may be due to enzymatic fat dissection along prexisting 
anatomical fascial planes 



Oncology 

The Whole Body C.A.T. Scanner and the Oncologist 
s. Dische* 

My task is not to talk of the interesting new shapes, all in shades of 
grey, revealed by the whole body scanner, but to give some impression 
of the effect of its presence upon patient management in oncology. 

The clinician looks to the radiologist for aid with regard to: 

1. Initial diagnosis of malignant disease 

2. The extent of 

a) the primary tumour 
b) the immediate spread 
c) regional metastases 
d) distant metastases 

3. The response to treatment, particularly after radiotherapy and cyto
toxic chemotherapy 

4. The detection of recurrence or metastasis in follow-up 

Will the body scanner significantly increase the information which the 
radiologist can give us? 

During the past 12 months, Dr. Kreel has detailed his findings using 
the Northwick Park C.A.T. scanner in our patients with malignant disease, 
and I shall be quoting extensively from his reports. Patients presenting 
certain tumours or problems were referred to Dr. Kreel at Northwick 
Park and we have attempted to compare the contribution of the body 
scanner in association with and in comparison to other methods of in
vestigation. We determined not to be too easily swayed by an exciting 
new piece of equipment, but to be cautious in modifying management be
cause of the findings in these early days when experience is being 
gained. 

The body scanner seemed likely to contribute knowledge in patients with 
testicular tumour, and all eight newly presenting cases seen in a 9-
month period were studied at Northwick Park by the scanner as well as 
by lymphography. 

The first patient presented in August 1975 with a history of a swelling 
of the left testis of 5 months duration. He was otherwise a fit man of 
38 years. An orchidectomy was performed and the histology was seminoma. 
The lymphogram showed some abnormalities, but no definite evidence for 
the presence of deposits in para-aortic nodes; but the body scan showed 
evidence for nodes extending from L4 up to D12. In addition to this 
valuable information, there were changes in the seventh and eight dor-

*Regional Radiotherapy Centre, Mount Vernon Hospital, Northwood, Middlesex, and 
Northwick Park Hospital, Harrow, Middx. 
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sal vertebrae arousing the suspicion of metastasis. Conventional radio
graphs of this area showed normal texture of the bones. He was given 
radiotherapy to all the nodes from the left inguinal region up to the 
left supraclavicular fossa. He was perfectly weIl in follow-up and at 
the beginning of June 1976 repeat C.A.T. was performed. There was now 
no evidence of enlarged nodes in the para-aortic region, but the bony 
abnormalities seen previously were even more clearly seen. Shortly 
after this the patient complained of pain across the lower neck and 
in the right shoulder, and an isotope bone scan gave dIT.amatic evidence 
for multiple bony deposits. Conventional radiographie examination of 
the ,skeleton still showed no abnormality. His condition rapidly de
teriorated and he was admitted to hospital for intensive chemotherapy, 
but died. A post-mortem showed multiple small metastases throughout 
the vertebral column. 

In this case the body scanner showed at presentation secondary nodes 
in the para-aortic region not defined in the lymphogram. There was at 
that time no change in the X-rays of the dorsal spine to suggest any 
metastases being present. It took 9 months for symptoms to develop and 
for confirmation of the diagnosis. It might have been possible in his 
case to have commenced cytotoxic chemotherapy at a much earlier stage, 
but we were at the time sceptical as to the true significance of the 
body scanner findings in the spine. 

The second patient with testicular tumour actually presented with pain 
in the back going down the right leg and the only positive finding 
initially was anode above the left clavicle. Histological examination 
of this showed an anaplastic tumour compatible with testicular origin. 
On questioning he did report an alteration in the relative size of his 
testes. There was much resistance in the epigastrium and although a 
mass could not be defined because of this we feIt that there were many 
nodes in the para-aortic region infiltrating the lumbar nerve roots 
on the right side to give the pain in the leg. Lymphogram and intra
venous pyelogram gave clear evidence of metastatic disease in the aortic 
nodes, but the true extent was dramatically shown using the body scan
ner. The scanner also showed bony deposits at a time when conventional 
X-rays and isotope bone scan showed no abnormality and also a number 
of small subpleural rounded lesions which were thought to be metastatic 
deposits. The patient was treated with cytotoxic chemotherapy and 
radiotherapy. The two follow-up scans were performed at 3 and 7 months. 
They showed resolution of the pulmonary lesions and considerable re
gression of the para-aortic nodes. 

Here the scanner gave fuller information about the extent of massive 
para-aortic node involvement. It revealed small bony and pulmonary 
deposits not shown in any other way. The radiotherapy was planned with 
greater precision because of the knowledge revealed, and regression 
of tumour was monitored in follow-up studies. 

In another case where lymphogram and body scan showed para-aortic nodes, 
the scan also revealed anode high in that region beneath the crura of 
the diaphragm at the level of D10, a most inaccessible position for 
any other type of investigation. It is, however, an important level 
for the radiotherapist, for he tends to make this the juncture of the 
fields of treatment for ehest and abdomen - there is always risk of a 
gap or a low dose area just at this site. 

The findings in the eight patients presenting testicular tumours are 
summarised in Table 1. With regard to para-aortic node involvement, 
it can be seen that in four cases information gained by lymphography 
and by body scan was similar. In two cases (3 and 8) no abnormal nodes 
were demonstrated by either test; in case 7 both revealed the presence 
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Table 1. Detection of metastasis in testicular tumours 

Case Histology Para-aortic nodes Lung and mediastinum Bone 
No. Pyelogram Body Radiographs Body Radiographs Body 

Lympho- scanner Tomograms scanner Isotope scanner 
gram Lymphogram bone scan 

Seminoma ? + + 

2 Anaplastic 
teratoma ++ +++ + + 

3 Meso-
thelioma + 

4 Anaplastic 
teratoma + ++ + ++ 

5 Seminoma 
and ana-
plastic 
teratoma ? ? 

6 Anaplastic 
teratoma + ++ + 

7 Seminoma + + + 

8 Anaplastic 
teratoma ? + + 

of secondary nodes while in case 5, both showed some nodal abnormality, 
thought not to be of significance. In the remaining four cases consider
ably greater information was gained with the body scan. In one the 
lymphogram result was equivocal, whereas the scan clearly showed in
volved nodes - our first patient, already described. In the remaining 
three, a greater impression of the full extent of secondary tumour in 
the para-aortic nodes was gained. It is important to note with regard 
to the para-aortic nodes that in no case did the lymphogram give us 
information that was not demonstrated by the scan, while the scan in 
half the cases gave greater information than was revealed by the lympho
gram. 

Looking at the lung or mediastinum, there was no sign by any method 
of examination of disease in this area in five of the eight cases. In 
one, our second case described, there was evidence of small lung de
posits on the scan not revealed by other radiological techniques. In 
case 4 both radiographs and body scan showed pulmonary deposits, but 
these were revealed in greater number and with greater clarity by the 
scan. In case 8 there was equivocal evidence for nodes in the media
stinum by lymphogram but clear evidence for their presence by body 
scan. 

If we turn to bony deposits, we find that in no case was there any 
evidence at initial presentation for bony metastases by conventional 
radiography. However, in five the body scanner has given evidence sug
gesting their presence. With the first two patients, the clinical course 
has fully confirmed the correctness of this diagnosis. We are closely 
following the other three patients, who have been rather more recently 
studied. 

The body scanner appears to be making a major contribution to the in
vestigation and management of our patients with testicular tumour. 



392 

The body scanner seemed likely to make a contribution in the investiga
tion of the malignant lymphomas. The Regional Centre for Radiotherapy 
and Oncology at Mount Vernon gathers a large number of such cases from 
the 2 million population it serves. Over 50 cases presenting to my 
colleagues and myself have been studied by Dr. Kreel at Northwick Park 
and the results are at present being analysed. Some individual case 
histories can illustrate the contribution which the scanner appears 
to be making. 

A boy, 8 years old, presented in January 1976 with a 6-week history 
of a lump in the left groin. A large mass of femoral and inguinal nodes 
was found and biopsy excision of one performed. A malignant histiocy
tosis - a highly malignant form of non-Hodgkin's lymphoma - was the 
final histological diagnosis. When we saw hirn, examination showed a 
fit boy with arecent scar in the left groin. There was an obvious 
mass above and below the scar, tumour appearing to extend into the 
left iliac fossa. Apart from a slight upper abdominal distension, no 
other abnormality could be found. Blood studies gave results within 
no~mal limits. Right iliac bone trephine showed no sign of tumour. 

A lymphogram showed lymphocyst in the upper part of the left thigh 
with an obstruction above considered to be due to the recent surgery. 
Some altered pattern was no ted in the right external iliac lymph nodes, 
but this was considered of dubious significance. No evidence of aortic 
node invasion was seen. 

Displacement of the left ureter in the pyelogram showed that the mass 
in the left pelvis was extending higher than could be palpated. The 
scan showed the nodes in the left pelvis that were palpable clinically, 
but also aortic lymph node involvement at the level of L1 and L2. A 
surprise finding was an enlargement of the medial aspect of the spleen 
which in fact compressed the left kidney. Metastases in bone were also 
demonstrated. We decided that in view of the widespread disease cyto
toxic chemotherapy was the first line of treatment. He has now completed 
six courses of combination chemotherapy, the agents including cylo
phosphomide, adriamycin, vincristine and prednisone. Clinically, all 
disease has regressed - none can be detected by examination in the 
clinic or by routine radiography. A scan, however, repeated six months 
after the original, gave a mixed picture. Certainly the nodes in the 
left pelvis appeared to have completely regressed but there was evi
dence for r~sidual disease in the para-aortic area and although the 
spleen was smaller it remained considerably enlarged. The bony metas
tases were again demonstrated. In the light of this information it was 
decided to pursue further chemotherapy and five more cycles are planned 
after which we will repeat the body scan, as an important part of the 
review of management. Determination of the extent of disease and the 
monitoring of the response to treatment have been much aided by the 
body scanner in the case of this small boy. 

Detection of recurrence of Hodgkin's disease often presents consider
able problems as, or course, does its management once further disease 
is proven. A girl of 23 years first received radiotherapy to the nodes 
in the upper half of her body and later to those in the lower half 
when disease was proven there 2 years later. All went well, but in the 
following year she complained of pain high in the epigastrium. The only 
clinical abnormality was some resistance in this area. When a patient 
has been treated in this fashion we take great care not to over- or 
underlap our fields of treatment for fear on the one hand of radiation 
damage in spinal cord or bowel, or on the other of leaving an area un
treated. This is the same problem we have considered with testicular tu
mour. If symptoms and signs develop later on related to this borderline 
area it is vitally important to determine whether post-radiation change 
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or recurrence is responsible. It is an extremely difficult area to 
visualise by any radiographic technique and even at laparotomy it may 
not be possible to see all that is going on up to the level of the 
diaphragm. The girl has already undergone laparotomy and splenectomy 
prior to the irradiation of the lower-half nodes. The scan however 
showed clearly the presence of recurrence of Hodgkin's disease. We have 
been able to bring this girl through six courses of intensive chemo
therapy and now a repeat scan shows no evidence for disease. 

A case of recurrence presenting different problems was that of a girl 
of 21 who presented in May 1974 with a 2.5-year history of a lump in 
the right neck. The histology was nodular sclerotic Hodgkin's disease. 
Radiographic examination of the chest showed an anterior mediastinal 
group of nodes and lymphography revealed nodal invasion in all the 
areas from inguinal to para-aortic region. Laparotomy and splenectomy 
was performed. The spleen was histologically involved, but the liver 
and bone marrow were free. 

It was decided to treat by chemotherapy using nitrogen mustard, pro
carbazine, vincristine and prednisone. After six courses there was 
still radiologically some residual disease in the chest and para-aortic 
areas, as weIl as clinically the right neck, so four more were given. 
When these were finally completed in October 1975 there was no evidence 
of disease. We were pleased with her progress and no further chemo
therapy was planned. 

In May 1976, however, anode become palpable in the left lower neck, 
and a chest X-ray showed evidence for mediastinal and hilar gland en
largement. A lymphogram was performed at Northwick Park and showed no 
evidence for pelvic or para-aortic node enlargement at this time, but 
a body scan showed enlarged nodes not filled with contrast media in 
the para-aortic region from D11 to L3. Several vertebral bodies showed 
areas of increased density which were thought possibly to represent 
deposits. The enlarged mediastinal hilar nodes observed in the chest 
X-ray were clearly seen. It was decided that now we should use radio
therapy to all areas involved and that intially we should treat the 
upper half of her body. Because of the extensive mediastinal disease, 
the amount of lung shielding possible was limited. It was decided to 
give half of her radiotherapy and then wait an interval for regression 
to occur, per form another scan, and with its aid restrict the volume 
for further treatment. This plan has been pursued and good regression 
was obtained, enabling us to reduce the field for treatment. In this 
case of recurrence there was by lymphography no evidence for para
aortic nodes but clear evidence from the scan. This has also been of 
great value in clearly defining the mediastinal disease and enabling 
us to carefully define the volume to be irradiated and to restrict the 
volume for the final phase of her treatment to the mediastinum and 
spare a considerable volume of her lung. 

We have begun to explore the use of the scanner in the staging of gynae
cological tumours, in particular carcinoma of the cervix. It has been 
interesting to correlate the findings at examination under anaesthesia 
with those seen on the body scanner in the pelvis. In those studies so 
far there has been a good correlation. More important perhaps in an 
area beyond palpation were the demonstration of common iliac nodes 
and even more so the infiltration of the psoas muscle from them. AI
though the nodes were shown by lymphography, such extension was of 
course not revealed. Gross invasion of para-aortic nodes was seen in 
one patient treated 2 years previously for a stage 111 carcinoma of 
cervix. Invasion of the underlying lumbar spine was dramatically shown, 
but this was also by the time of this examination revealed by simple 
radiography. We are exploring the relative merits of lymphography and 
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body scanner in the detection of para-aortic nodes in carcinoma of the 
cervix. 

Turning to other tumours, we have investigated two patients presenting 
similar problems who have both been treated previously for carcinoma 
of the bladder, by radiotherapy and then by cystectomy. 

After aperiod of 2 years when all was going weIl, the patient first 
reported haematuria, some swelling of the right leg, which later sub
sided and left loin pain. The pyelogram showed a curious irregularity 
of the left ureter. Under anaesthesia there was some resistance in the 
left para-aortic area and we suspected the presence of secondary nodes. 
A body scan initially showed no definite evidence for recurrence.·At 
laparotomy however, after division of considerable adhesions, an en
larged para-aortic node was found on the left side adherent to the 
ureter and left kidney. Biopsy showed a fairly undifferentiated car
cinoma compatible with bladder origin. When Dr. Kreel re-examined the 
scan he did demonstrate an opacity smaller than expected but at the 
site of the nodes. 

In the second case, where the interval after surgery was 18 months, the 
patient returned with swelling of both legs and some disturbance of 
bowel function. Examination under anaesthesia showed a resistance in 
the lower para-aortic area possibly due to nodes and some diffuse pel
vic induration. An inferior vena cavagram performed at Northwick Park 
showed evidence of obstruction at the lower end of the inferior vena 
c~xa with a gross collateral circulation. The scan showed that this 
WA~ due to large masses of secondary tumour. The findings were con
firmed by laparotomy and biopsy. With courses of radiotherapy, in both 
cases some palliation has been achieved. 

Dur knowledge as to tumour involvement of the posterior abdomen in all 
types of malignant disease will surely be furthered as experience is 
gained. 

In malignant disease a strong clinical SUsp1c1on for recurrence is 
usually followed by confirmation but in a considerable number of cases 
when investigations are complete recurrence of tumour is not respons
ible for new symptoms and the prognosis is, of course, much altered .. 

A man, aged 73, underwentan abdominoperineal resection for carcinoma of 
the rectum 3 years previously. It was a poorly differentiated adeno
carcinoma, penetrating the muscle coat, and when he presented in Feb
ruary 1976 complaining of severe pelvic pain of 4 months dura ti on a 
local recurrence in the pelvis seemed more than likely. Clinical exam
ination, however, showed a fit man and no masses could be found even 
under anaesthesia. An intravenous pyelogram showed bilateral hydro
nephrosis with the site of obstruction on the pelvic brim. In the body 
scan no evidence for any mass in the pelvis could be found. In these 
circumstances exploration seemed justified. At laparotomy there was 
only fibrosis in the pelvis to ac count for the ureteric compression. 
Unfortunately, as yet symptomless hepatic deposits were discovered. 
At least in his case he was saved a needless and useless course of 
radiotherapy to the pelvis in the treatment of a local recurrence which 
had not apparently occurred. 

Looking once again at the list of ways in which we ask for help from 
the radiologist, we can see that the whole body scanner is showing 
great promise as an investigation of value in patients with malignant 
disease. The scanner has proved most helpful in determining the extent 
of primary tumours and of their immediate and regional metastatic 
spread. Distant metastases, small in size, have been demonstrated in 
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lung, lymph nodes and bone where other investigations have yielded 
normal results. Of special importance is the'discovery of bony deposits 
at a time when radiographs of the skeleton and the isotope bone scan 
yield normal results, and this may well have fundamental influence upon 
the approach to treatment in many patients. We have already seen this 
in patients with testicular tumour and with lymphomas i full investiga
tion of other types of malignant disease may reveal similar findings. 

Much help has been given in the careful planning of treatment and 
valuable data as to tumour response has been obtained. In oncology, 
it may well be that with the whole body scanner more information will 
be obtained than with any other single or combination of studies which 
the radiologists may employ upon our patients. It is possible that in 
some situations the body scanner may permit us to simplify the investi
gation and dispense with other procedures such as lymphographYi on 
some occasions a patient may be spared a laparotomy. We need to make 
a careful assessment of those situations in oncology requiring investi
gation so as to fully compare the findings with the body scanner with 
those of the alternative methods of study. 

We can conclude that the body scanner would seem likely to further 
knowledge as to disease in many individual cases and also to further 
fundamental knowledge as to tumour growth and response to treatment. 
We ought however, carefully to assess and report the benefit given to 
those unfortunate individuals who suffer malignant tumours so that the 
community as a whole can decide whether its resources should be used 
to provide such units. 



C.A.T. of the Lymphomas 

C.A.T. Scanning in Lymph Node Disease 
L. Kreel* 

The evaluation of the extent of disease in lymphoma and testicular 
tumour patients by computerised tomography has proved to be a most 
valuable contribution in patient management. The present paper is de
voted mainly to cases of lymphoma and melanoma, but a small number of 
other cases are also included mainly because of their individual in
terest (Table 1). 

Table 1. 

Diagnosis 

Lymphoma 

Reticulum cell sarcoma 
a. Stomach 
b. Failed exam 

Myeloid leukaemia 

Melanoma 

Retroperitoneal or soft tissue sarcoma 

Carcinoma - bladder or penis 

Material and Methods 

No. of 
cases 

35 

2 

6 

3 

3 

50 

No. of No. of 
scans lymphangiograms 

43 32 

2 

0 

6 6 

5 0 

4 

60 41 

The findings on all cases of histologically proven lymphoma of whatever 
type and of melanoma referred for computerised tomography were reviewed. 
Particular attention was given to features not demonstrated by other 
radiological examinations and more specifically to comparison with the 
findings on lymphangiography (Table 2). This was done as a retrospective 
study for the obvious reason that there was no real way of predicting 
in which cases the C.A.T. findings would add additional information. 

For purposes of this study, lymph nodes were considered to be enlarged 
on C.A.T. scanning only when the findings were unequivocal. Where there 
has been any doubt about the interpretation the finding has not been 
included in the positive groups, and therefore at this point in time 
it is not possible to make an assessment of the false positive or false 
negative results. This is thus a crude analysis of the unequivocally 
positive findings, mainly to show which signs are likely to be en
countered an their relative frequency. 

*Division of Radiology, Clinical Research Centre and Northwick Park Hospital, Harrow. 



Table 2. 

All cases (lymphoma, melanoma, miscellaneous) 
Lymphangiogram negative or positive Extra nodes in abdomen 

(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 

Pelvis 
Common iliac and para-aortic up to L2 
Para-aortic above L2 
Mesenteric 
Paraspinal (post diaphragmatic) 
Porta hepatis 

Extra-nodal disease 

Thorax 

Soft tissues 
Liver 
Spleen 
Other 

Bone 

Retrosternal nodes 
Medistinal nodes 
Thymus 
Lateral inner thoracic wall 
Axillary nodes 
Pulmonary nodules 
Pulmonary 'infiltration' 
Pleural effusion (s) 
'Pulmonary oedema' 
Hypostatic pulmonary change 

2 

13 
5 
1 

4 
3 

11 

5 
11 

3 
1 
5 
3 
3 
1 
3 
3 
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Some of the patients have been scanned more than once to assess their 
response to treatment. In two cases brain scans only were performed, 
but these are not included in the statistics. No attempt has been made 
to assess the value ofaxillary palpation against C.A.T. scanning. 

The incidental findings are included even though these may have been 
shown by other means or were irrelevant to the management of the pa
tient. 

Bone densities were considered to be metastases only when they were 
greater than 0.5 cm in diameter and not recognisable as normal variants 
or incidental abnormalities such as calcified Schmorl's nodes. This is 
at present a rather subjective assessment, but detailed studies are 
proceeding to resolve this point. 

Results 

Lymphoma Cases (Table 3) 

Forty-four C.A.T. examinations were performed on 37 patients. Additional 
lymph nodes not shown by lymphography were seen in 13 cases and in 
most of these were above the level of L2. Mesenteric nodes were de
tected in 5, retrosternal nodes in 6 and the thymus was assessed as 
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Table 3. Lymphoma and first degree lymph node disease 

Number of cases 37 
Number of scans 44 
Extra-iliac and para-aortic nodes 13 
Mesenteric nodes 5 
Retrosternal nodes 5 
Thymus infiltration 4 
Liver second degree 4 
Bone second degree 10 
Axillary nodes 4 

being involved in 3 patients. Liver metastases were seen in 4 patients, 
the spleen was enlarged in 3 and bone metastases diagnosed in 10, while 
axillary nodes could be seen in 4 cases. 

C.A.T. Signs of Lymphoma Disease - Lymph Node Enlargement 

Abdomen 

PeZvis. A group of enlarged lymph nodes in the pelvis shows as a soft
tissue mass along the lateral wall of the pelvis lying on the ilio
psoas muscles. Within this mass there is often a small number of lymph 
nodes containing contrast medium if a lymphogram had been performed 
previously. The lymph node masses will displace adjacent bowel especial
ly rectum and sigmoid colon if unilateral or if bilateral, compress 
adjacent bowel (Fig. 1). In lesser degrees of lymph node enlargement, 
a smaller rounded soft-tissue mass in the line of the iliac vessels is 
seen on the C.A.T. scan. 

Corrmon IZiaa and Para-aol'tia Region up to L2. In only one case examined to 
date has it been found that when common iliac or para-aortic lymph 
nodes are obviously abnormal no additional lymph node enlargement has 
been shown in the area. The same, however, does not apply to lymph 
node enlargement above the level of obstruction to the flow of contrast 
or to 'non-visualised' lymph nodes. (The latter being defined as 'ab
sent' lymph nodes when compared with the contralateral group.) 

Pal'a-aol'tia Lymphoma above L2. In 12 of the 35 patients who had lymphograms 
additional nodes were shown above the level of L2 on the C.A.T. scans. 
In these cases only a very small part of the lymph node mass showed 
contrast medium in lymph nodes, often amounting to no more than 5-10% 
of the total mass. 

In these cases the margins of the inferior vena cava and aorta were 
lost and the mass itself would spread both laterally and/or anteriorly. 
Hydronephrosis due to ureteric obstruction occurred in two of these 
cases. 

Mesenteria Gl'oup. In five cases obvious mesenteric lymph node masses could 
also be seen (Fig. 2). Contrast material was not seen in relation to 
mesenteric lymph nodes and in two cases there was a clear line of de
marcation between mesenteric and para-aortic nodes. In this series no 
case of enlarged mesenteric nodes in the absence of para-aortic node 
enlargement was encountered. 

Disal'ete NodaZ EnZargement. In one case a group of nodes lying around the 
aorta and inferior vena cava were identified as rounded, discrete 
structures of soft tissue density. 
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Porta Hepatis. Localised discrete nodes were also identified in the same 
patient in the region of the porta hepatis. 

Post-Diaphragmatic, Paraspinal Region. Replacement of the adipose tissue by 
tissue of higher density representing spread of malignant disease was 
encountered in one patient (Fig. 3). 

Thor= 

Retrosternal. Enlargement of lymph nodes irnrnediately behind the sternum 
was encountered in five patients. These nodes show as rounded areas 
bulging into the medial anterior aspects of the periphery of the lung 
fields (Fig. 4). 

Mid-mediastinal. Enlargement of mid-mediastinal lymph nodes were shown in 
11 patients. Mediastinal lymph node enlargement was visible on ehest 
radiographs in 8 of these cases. Contrast medium, after lymphography, 
was seen in 8 of these on ehest radiographs and additonal nodes iden
tified in all of these cases. 

Thymus. An anterior mediastinal density having the 'shape of thymus' 
was encountered in three cases (Fig. 5). 

Lateral Thoracic WaU. A soft-tissue mass was shown on the lateral thoracic 
wall separate from the mediastinum in one case. 

Axillae. Enlarged lymph nodes in the axillae were shown in four cases 
and appeared as a single discrete lymph node, as multiple discrete 
nodes or as a lymph node mass. 

Pulmonary Nodules. Pulmonary nodules shown as small round, well-defined 
opacities in the lung were shown in two cases. 

Pulmonary 'Infiltration'. Opaci ties running into the lung fields were seen 
in three patients, all of whom had had radiotherapy. 

Pulmonary 'oedema' or 'Hypostatic' Changes. In six patients hazy shadowing 
in the dependent parts of the lung fields or actual thick band shadows 
of interstitial oedema were detected. In one case an effusion was de
tected. 

Extra-Nodal Disease 

Liver (Fig. 6). Metastases in the liver were shown in four patients, 
in two as a single, discrete, round 'filling defect' with a density 
of circa 17 Hounsfield units or as multiple, coalescing areas with ill
defined borders in two cases. In one patient after contrast medium 
the density of the lesion was circa 38 Hounsfield units. 

Spleen. The spleen was grossly enlarged in one patient and moderately 
so in another. The spleen substance appeared homogeneous with no vis
ible filling defects. In a third case the medial part of the spleen 
was enlarged and was compressing the left kidney. 

Bone. Rounded densities in vertebral bodies were detected, varying in 
size from 0.25 cm to 1 cm. These dense nodules have not been detected 
in patients who have been investigated for non-malignant conditions. 
In 10 cases these densities were found to be greater than 0.5 cm in 
diameter. 
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MisaeZZaneous Observations (Table 4). As mentioned previously, hydrone
phrosis due to ureteric obstruction by lymph node masses was shown on 
two occasions. Incidental findings included an ovarian cyst, renal 
cyst, a pneumothorax, bullous formation and a possible splenic artery 
aneurysm or spleniculus. 

Table 4. Incidental findings 

Diagnosis No. of cases 

Hydronephrosis 2 
Renal cyst 2 
Ovarian cyst 1 
Pulmonary bullae 2 
? Splenic artery aneurysm 

Disaussion. The introduction of lymphography was a major advance in 
showing the extent of lymphomatous disease, particularly in the pre
viously hidden area of the abdomen. With time this procedure gained 
a major role in diagnosis but was, to a certain degree, supplanted by 
cornbined laparotomy, splenectomy and liver biopsy as astaging proce
dure. 

The initial use of C.A.T. in lymphoma has shown that there are many 
areas where disease may be present and remain undetected by lympho
graphy. In the abdomen this includes the pelvis, the mesentery, nodes 
above the level of L2, porta hepatis and retrodiaphragmatic nodes. The 
surprise is not so much that there are areas of undetected nodes on 
lymphography but the large size of these masses and the small nurnber 
of nodes within these masses that take up the contrast. 

C.A.T. examinations have the added advantage that they also show intra
hepatic disease and provide a more accurate method of assessing splenic 
enlargement. 

Additional disease over and above that shown by lymphography was sur
prisingly frequent. In one-third of patients extra lymph nodes were 
shown above the level of L2 and in about one-fifth there was evidence 
of mesenteric node involvement. An added advantage was the ease with 
which hydronephrosis is detected. 

In the thorax the display of enlarged nodes in the retrosternal region 
and in the axillae has also proved helpful. Another major advantage 
of C.A.T. is the ability to monitor the effects of treatment. The three
dimensional view of the disease process is of considerable help in 
radiotherapy planning. 

At present certain aspects of diagnosis with C.A.T. scanning must be 
considered equivocal. This applies particularly to the more minor 
changes in bone, such as the dense spots found in vertebral bodies 
particularly when under 0.5 cm in size. In a number of cases the larger 
densities have subsequently been shown to represent metastases. Further 
information on this point is likely to be forthcoming as patients have 
follow-up examinations and as the results in other conditions such as 
breast carcinoma emerge. 

Similarly, the delineation of densities in the mediastinum which appear 
to be the thymus and the finding of small nodules in lungs will re
quire final confirmation. Thus the C.A.T. scanner has made the problem 
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the way to many future studies. 
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However, in some cases, even with obvious bone involvement, further 
information may become available on computerised tomography, as in one 
case where not only was the soft tissue mass in front of the sternum 
and the bone erosion defined but also the extension into the retro-
sternal space (Fig. 7). / 

The experience with the other tumours mentioned in this paper is much 
more limited. Nevertheless, some observations are warranted. Retro
peritoneal masses other than lymph nodes have also been demonstrated. 
Retroperitoneal sarcoma, although a relatively uncommon tumour, is so 
weIl displayed that it is worth a special mention. 

The appearances in the lung fields suggesting hypostatic changes, al
veolar pulmonary oedema and interstitial oedema will also require fur
ther elucidation. This is under active investigation but will almost 
certainly take longer to solve than the bone changes. 

Summary and Conclusions 

Computerised tomography undoubtedly shows enlarged lymph nodes not 
demonstrated by other diagnostic methods, thus providing a more complete 
appraisal of the extent of lymphomatous disease in both the abdomen 
and thorax. This is extremely valuable in planning treatment and in 
monitoring the effects of such treatment. Present knowledge of the 
radiological appearances of lesser grades of lymphomatous disease is 
deficient and will need rapid expansion if computerised tomography 
is to be used to its maximum advantage. 
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Fig. 1. Lymph node enlargement deep in pelvis in a patient with bladder carcinoma. 
Only a very small amount of contrast medium is present in relationship to the lymph 
node masses 

Fig. 2. Enlargement of para-aortic (P-a) and mesenteric (M) lymph nodes. No contrast 
medium is taken up by the mesenteric nodes 
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Fig. 3. Enlarged nodes behind diaphragm, obscuring aortic margin 

Fig. 4. Enlarged retrosternal and mediastinal nodes 
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Fig. 5. Infiltration of right lobe of thymus 

Fig. 6. Lymphoma metastasis in liver 
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Fig. 7. Presternal mass eroding bone; there is in addition a retrosternal mass 



Evaluation ofNormal and Abnormal Lymph Nodes at 
Computerised Tomographie Seanning ofthe Abdomen 
and Pelvis 
H. C. Redman*, W. A. Federal*, R. A. Castellino**, and E. Glatstein* 

Lymphography is a well established procedure for evaluation of the 
para-aortic nodes and is very accurate in staging lymphomas and in the 
detection of gross nodal metastases. Ultrasound is useful as a survey 
technique for massive para-aortic adenopathy and can sometimes detect 
isolated enlarged nodes or groups of nodes in other areas of the ab
domen. The development of computerised tomographie (CT, C.A.T.) scan
ning has presented the diagnostician with an entirely new means to 
demonstrate lymph nodes. In theory, C.A.T. should be capable of demon
strating nodes in the mesentery and in the hepatic portal and splenic 
hilar regions, which are not visualised at lymphography and are not 
consistently evaluated at ultrasound. If such nodes could be demon
strated and abnormalities reliably detected, then C.A.T. scanning would 
clearly have a significant role in the staging and treatment planning 
of several neoplasms. 

In conjunction with the Department of Radiology at Stanford Medical 
Center, a study has been undertaken to determine the role of C.A.T. 
in the staging of Hodgkin's disease and lymphomas. In addition, a 
series of abdominal scans has been evaluated to determine how often 
lyrnph nodes can be identified in the abdomen and pelvis. 

Material and Methods 

Patients being staged for Hodgkin's disease and lymphomas at Stanford 
University Medical Center were referred for C.A.T. scanning of the 
abdomen and upper pelvis. The C.A.T. scans were performed on a proto
type ACTA scanner. Scanning time for each pair of 7.5 mm sections was 
4.5 or 5.5 min. Sc an pairs through the liver and spleen were performed 
at 2 cm intervals and those through the remainder of the abdomen and 
upper pelvis, at 3 cm intervals. Intravenous contrast medium was used 
in most patients to demonstrate the ureters; glucagon, 2 mg/i.m. was 
used to decrease peristalsis when needed and some patients were studied 
in the prone position to decrease respiratory motion. All patients un
derwent lymphography either prior to or following the C.A.T. scan. All 
also underwent coeliotomy with multiple liver biopsies, splenectomy and 
para-aortic node biopsies. The hepatic hilus and pelvic nodes were ex
plored, but not routinely biopsied. 

Aseries of 50 recent C.A.T. sc ans of the pelvis and abdomen was re
viewed to determine: (1) if normal nodes could be identified, (2) the 
frequency of such identification, (3) the factors infl\lencing such 
identification. 

*Dept. of Radiology, Mt. Zion Hospital and Medical Center, San Francisco. 
**University of California Medical Center, San Francisco. 
***Department of Radiology, Standford University Medical Center, Palo Alto, Cali
fornia. 
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Results 

In the 20 patients with Hodgkin's disease or a lymphoma in whom complete 
data was available, the liver was called normal in 18 at C.A.T. and 
this was confirmed at surgery. One patient had a low-density mass in 
the left lobe of the liver at C.A.T. which was found to be a benign 
fibrous nodule at surgery, and one had diffuse lymphornatous involve
ment which was not seen at C.A.T. Enlarged hepatic hilar nodes were 
demonstrated in one patient at C.A.T.; at coeliotomy, the patient had 
extensive abnormal nodes throughout the entire abdomen. Normal hepatic 
hilar nodes were not routinely identified at C.A.T. scanning. 

One patient had had a prior splenectomy for trauma. In the remaining 
19, the spleen was called enlarged at C.A.T. scanning in 4; these 
spleens weighed more than 275 gm at splenectomy. The rernainder of the 
spleens weighed less than 217 gm. Nodules, measuring from 0.1 to 2.5 
cm, were found pathologically in seven spleens. Nodules were seen at 
C.A.T. scanning in 4 of these patients, the smallest measuring about 
1 cm. Abnormal splenic hilar nodes were not observed at C.A.T. scanning, 
though normal nodes were feIt to be demonstrated in 6 patients. Splenic 
hilar nodes containing tumour were found at surgery in only 1 patient. 
These were not enlarged. 

Para-aortic nodes and nodes in the upper pelvis were evaluated in all 
20 patients (Fig. 1). The C.A.T. examination generally did not include 
the lower iliac and inguinal nodes. Lymphograms had been performed on 
12 patients prior to C.A.T.; the remainder had the lymphogram later. 
In 16 patients the C.A.T. and lymphographic findings were in agreement. 
Pathological confirmation was available for 15 of these; in the last 
the precise nodes called abnormal at C.A.T. scanning and by lympho
graphy were not the nodes which were biopsied. One C.A.T. scan was 
said to show adenopathy, but the nodes, though up to 2 cm in size, 
were normal at lymphography and pathology. Two patients were called 
normal at C.A.T. scanning, while lymphography and pathology demonstrated 
normal sized nodes containing tumour. In one case, both the C.A.T. scan 
and the lymphogram were called normal, but at coeliotomy unenlarged 
lymph nodes revealed lymphoma. In 2 patients, low pelvic nodes were 
abnormal at lymphography, but were not evaluated at C.A.T. scanning. 
The remainder of the studies in thse 2 patients were in agreement. 

Mesenteric nodes could not be identified at C.A.T. scanning in any of 
the 20 patients. At laparotomy, 2 patients had mesenteric nodes which 
contained lymphoma. 

The review of the last 50 pelvic and abdominal scans in which no nodal 
abnormality was expected, revealed that normal nodes were seen in the 
para-aortic region in 30 of the 40 abdominal scans and in the pelvis 
in 10 of the 15 cases in which this area was scanned. Normal nodes were 
feIt to be identified in 7 patients in the splenic hilum and in three 
in the liver hilum. Mesenteric nodes were not identified. 

Discussion 

The actual frequency of liver abnormality in this series is 10%. There
fore, the precise role of C.A.T. in the evaluation of lymphomatous in
volvement of the liver cannot yet be defined. The 5.5 min scanner used 
in this study limits the size of an hepatic abnormality which can be 
demonstrated, since respiratory motion will obscure small lesions of 
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slight tissue density difference. Suspended respiration scans should 
regularly demonstrate nodules of less than 1 cm in size, thereby aiding 
surgical biopsy. Enlarged hepatic hilar nodes can be demonstrated with 
current C.A.T. scanning equipment. Normal nodes are sometimes seen but 
are difficult to differentiate from portal vessels. 

Nodules in the spleen were seen when they were greater than1 cm in 
size. Once again, suspended respiration scanning should markedly im
prove the demonstration of smaller nodules. Determination of spleno
megaly was accurate at C.A.T. scanning. The criteria used for spleen 
size were projection of the spleen weIl anterior to the lumbar aorta, 
spleen size determination should be ultimately possible with C.A.T. 
Splenic hilar nodes can be seen at C.A.T. scanning. Enlargement, how
ever, is the only criterion for abnormality. 

Evaluation of lymph nodes at C.A.T. is primarily dependent on size. 
Internal architecture and small filling defects cannot be detected 
with the present equipment. In patients studied following lymphography, 
an unusual configuration of the opacified nodes suggested internal 
pathology, but the type could not be defined. Nodal evaluation was dif
ficult in the thin patient, probably because of the absence of fat 
separating the nodes from other retroperitöneal structures. Abnormal 
nodes do not invariably obliterate fat planes, however. 

In this study enlarged nodes could be seen cephalad to the cisterna 
chyli and involvement of hepatic hilar nodes was demonstrated once. 
Prior to exploration, therefore, C.A.T. can give additional information 
about upper abdominal nodes which is not available by other modalities. 

The demonstration of the extent of adenopathy is also more complete 
with C.A.T. than at lymphography, and this may have a future practical 
application in planning the radiation therapy field. In patients with 
extensive nodal involvement, the cross sectional C.A.T. scan can de
monstrate abnormal nodes dorsal to those opacified at lymphography. 

The fact that normal nodes can be identified in 75% of abdominal C.A.T. 
scans and 66% of pelvic scans suggests that more sophisticated computer 
programs may permit evaluation of intrinsic nodal architecture in the 
future. Nodes are difficult to identify in very thin patients and in 
those with extensive peristaltic artefacts. Those in the pelvis are 
more difficult to identify with certainty than those in the para-aortic 
region. Normal nodes in the hepatic and srlenic hila proved difficult 
to differentiate from blood vessels. Absence of contrast medium en
hancement during an intravascular infusion is useful in making this 
distinction. Gur current inability to identify mesenteric nodes is dis
appointing. With suspended respiration scanning and better resolution 
of structures at the mesenteric root, this may become possible. 

Abdominal C.A.T. also provides information that might not be obtained 
in the usual staging work-up. In one patient, a diffusely enlarged 
pancreas was demonstrated which was feIt to be due to chronic pancreati
tis at surgery. In the same patient, bony involvement by the lymphoma 
was seen. Another finding was the fibrous liver nodule already mentioned. 
Since the entire abdomen is surveyed, renal and upper pelvic abnormal
ities should be detected. 

At present, C.A.T. cannot replace any of the established diagnostic 
techniques used in staging lymphomas. It does give added information 
in many cases and has a potential for becoming a primary diagnostic 
modality when more subtle tissue density differences can be resolved 
with suspended respiration scanning. 



409 

a 
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c 

Fig. 1. Normal and abnormal nodes at C.A.T. scanning. (a) Normal nodes following a 
lymphogram. (b) Normal nonopacified nodes (arrows) in two patients. Ureters (crossed 
arrows) are opacified. (c) Abnormal nodes, partly opacified by lymphogram, are par
tially obscuring the other retroperitoneal structures. (d) A mantle of enlarged 
nodes (arrows) is present ventral to the aorta and inferior vena cava 
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"The Manchester Experience" 
J. J. K. Best and I. Isherwood* 

Introduction 

Hodgkin's disease, of all the malignancies, has probably shown the 
greatest improvement in results and treatment, which can be attributed 
to improvements in staging. Laparotomy is an essential part of the pro
gramme of investigations carried out for staging, but it carries a 
real risk. It was thought possible that C.A.T. could provide some if 
not all of the information acquired by laparotomy without the same risk. 

The majority of patients with Hodgkin's disease in the North Western 
Region are seen by members of the Lymphoma Group working in the Man
chester teaching hospitals. Most of these patients, amounting to per
haps 100 per year, are being entered into three trials which were 
started in February 1975. 

The first trial (H01) is for patients with supradiaphragmatic disease, 
Stage Ia through to 11 and including IIb, and the second trial (H02) 
is for patients with nodal disease on both sides of the diaphragm but 
without constitutional upset, Stage lIla. Investigation of all patients 
in these two trials includes lower limb lymphography followed by a 
staging laparotomy. This procedure involves sampling of nodes from 
iliac, para-aortic, mesenteric, coeliac and splenie hilar regions with 
marking of the biopsy sites by tantalum clips. This is followed by 
splenectomy, wedge biopsy of the liver and bone biopsy. 

The patients entering the two trials are scanned (a) on admission, 
(b) following lymphography, (c) following laparotomy. 

The trial is designed to assess (i) if there are characteristic CT 
features in lymph glands involved by lymphoma; (ii) if the presence of 
lymphoma in the liver and spleen, together with mesenteric, coeliac 
and splenie hilar lymph nodes can be detected; (iii) if scanning fol
lowing lower limb lymphography will allow evaluation of lymphography 
in assessing abdominal involvement by lymphoma. 

In the first 5 months of 1975 only seven patients were entered into the 
H01 and H02 trials. Because of this samll number the trial with CT 
scanning was opened to the third Hodgkin's disease trial (H03) , for 
patients with Stage IIIb and Stage IV disease and the non-Hodgkin's 
lymphoma trial groups. 

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

Patients were referred for C.A.T. using the EMI CT5000 Whole Body 
Scanner which has been operational in the Department of Diagnostic 
Radiology in the Stopford Medical School, university of Manchester, 
since June 1976. All patient referrals were made using a special re
ferral form (Fig. 1). Unless a special request for C.A.T. of another 
region was made, the examination was limited to the upper abdomen. 
The patients were scanned lying supine wearing their underclothes and 
a dressing gown. The patients' arms were either at their sides or 
above their head. The 32 cm ring was used and the area to be recon
structed not occupied by the patient was filled by bolus bags supported 
by arestraining strap. The patients were scanned at 140 kVp at normal 
scan speed (20 s) . 

The scan levels were measured from anterior anatomical surface land
marks which were assigned numbers arbitrarily, i.e. external auditory 
meatus = 100, sternal angle = 200, xiphisternal joint = 300, anterior 
superioriliac spine = 400, pubic symphysis = 500. The scan levels 
were measured in centimetres to the nearest anatomical landmark and 
the section coded by that measurement, e.g. 306 indicates a scan 6 cm 
below the xiphisternal joint. 

For the upper abdominal survey in this trial aseries of eight scans 
was made, starting at the level of the diaphragmatic crura and scanning 
caudally. 

In selected patients the scans were repeated following injection of 
intravenous contrast, sodium iothalamate 420 mg iodine per ml (Conray 
420) and 200 ml Gastrografin 5% taken orally. Patients were given either 
hyoscine butylbromide (Buscopan) 20 mg i.v. or propantheline bromide 
(Pro-Banthine) 30 mg i.v. at the beginning of each series of scans. 

It was sometimes found advantageous to position patients in the lateral 
decubitus position, left side up. 

The position of the patient on the table was recorded carefully and 
in those patients where the extent of the lesion might be used for 
radiotherapy treatment planning, the relevant anatomical surface mark
ing was tattooed using sterile artist's pigment and tattooing needle. 
(Note: eight scans is the limit of one systems disc in the EMI CT5000 

Whole Body Scanner.) 

Results and Discussion 

Forty-seven patients have been examined in the Lymphoma Trial by the 
end of September 1976. Seven of the patients in the trial fall into the 
Hodgkin's Trial group. The success of C.A.T. from the beginning of the 
trial in demonstrating upper abdominal lymph node enlargement and in 
elucidating the nature of paravertebral masses made it impossible to 
ignore the implications of C.A.T. on the management of those patients. 

C.A.T. may demonstrate: 

1. Upper abdominal lymph nodes and their enlargement (Fig. 2) 

2. Paravertebral masses in the upper abdomen and dorso-lumbar region 
(Fig. 3) 



3. Bony involvement where evidence of this is not suggested by con
ventional radiographs (Fig. 4) 

4. Prevertebral lymph nodes (Fig. 5) 

It may be used to assess: 

1. The size and extent of alesion 
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2. The progress of the disease, by monitoring the size of known lesions 
under treatment. 

C.A.T. has an immediate and self-evident role in radiotherapy field 
planning to demonstrate not only the size, position and extent of 
lesions but also the changing positions of radiosensitive organs. 

The method has not been capable of demonstrating any abnormality in 
the liver and spleen of patients with lymphomatous involvement of those 
organs except enlargement and in one patient a large metastatic deposit 
in the liver. 

It is intended that the original trial of C.A.T. in patients with 
Hodgkin's disease should continue to assess its original aims. With 
the experience already obtained in the trial so far it is recognised 
that it may prove impossible to characterise lymphomatous involvement 
of the liver and psleen by intrinsic changes in the appearances of 
the organs. It is therefore intended to make a special study of (a) 
the prevertebral space and (b) the anatomy of the splenic hilum. 

Because of the unintended but quite necessary influence that C.A.T. 
has been seen to have in the treatment and management of some patients, 
it is proposed to assess a simple method of providing information for 
radiotherapy treatment planning. 
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UNIVERSITY OF MANCHESTER DEPART~ffiNT OF DIAGNOSTIC RADIOLOGY 

The Medical School, Stopford Building, Oxford Road, Manchester M 13 9 PT 

Tel: 061 - 273 8241, extension 61 
and 

MANCHESTER LYMPHOMA GROUP 

COMPUTER TOMOGRAPHY REFERRAL FORM FOLLOWING:
(Please tick apppoppiate heading) 

NAME 

AGE 

HOSPITAL 

REFERRING HOSPITAL NO. 

REFERRING DOCTOR 

REFERRAL INFORMATION (Please use diagpam) 

SPLENOIffiGALY /SPLENECTOMY 

HEPATQl.ffiGALY 

LYMPHADENOPATHY 

OTHER RELEVANT INFORMATION 

SPECIAL P-EASONS FOR REQUEST 

DIAGNOSIS 

HISTOLOGY 

FOLLOW UP: UNDER INVESTIGATION/TREATMENT 

1. ADMISSION 
2. LY!1PHOGRAPHY 

DATE OF BIRTH 

SEX 

lVARD 

OUT PATIENT 

\. / 

Y 

3.LAPAROTOMY 
4.OTHER 

t1ARD NO. 

(Pl ease tick apppoppiat e heading) 
O.P. PERIODIC FOLLOW UP 

SIGNED DATE 

Fig. 1. Referral form 

Fig. 2. Enlarged abdominal lymph 

nodes 



Figo 30 Paravertebral mass in 
dorsolumbar region 

Figo 40 Bone destruction by 
lymphoma 
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Figo 50 Prevertebral lymph node 



Computed Tomography ofthe Breast. AReport of a Pilot Study 
J. J. K. Best*, D. L. Asbury*, w. D. George***, R. A. Sellwood***, and I. Isherwood* 

Introduction 

Carcinoma of the breast is an important cause of death in women. The 
results of a New York survey (13) suggest that population screening 
gives early detection with consequent improvement in survival figures. 
The screening consisted of clinical and mammographic examinations. 
Microcalcification is the single most important conventional radio
logical sign in the diagnosis of carcinoma of the breast. It may be 
detected in 30% to 61% of breast carcinomas (3, 7, 13). The success in 
detection is related to the recording medium, the most successful be
ing xerography with rates of detection approaching and equal to that 
of histological examinations (9, 13). 

The success of computerised tomography (C.A.T.) in detecting changes 
in tissue attenuation values in normal brain and the pathological 
changes affecting brain is well known (1). Changes in attenuation val
ues of 1 part in 1000 are detectable (10). The expectation of success 
in detecting microcalcification using C.A.T. suggested the use of the 
technique as a screening method for carcinoma of the breast. 

The results of the first 30 patients of a pilot sudy of C.A.T. of the 
breast are presented. The aim of the study is to evaluate C.A.T. as 
a screening procedure for carcinoma of the breast and to compare the 
results with conventional marnrnography of the same patients. 

Material and Methods 

The patients were referred for C.A.T. scans from a breast clinic at 
the University Hospital of South Manchester with clinical findings 
consistent with either malignant or benign breast disease. The patients 
were scanned the day following clinic attendance and admitted to hos
pital the next day. 

The patients were scanned with the EMI CT5000 Whole Body Scanner which 
has been operational in the Department of Diagnostic Radiology in the 
Stopford Medical School, University of Manchester, since June 1976. The 
patients were scanned in the supine position wearing a dressing gown 
and underclothes. The patients were positioned with their arms at their 
sides or above their heads. Two patients were too large to be scanned 
lying supine and were positioned slightly rotated with the affected 
breast uppermost. 

*Department of Diagnostic Radiology, University of Manchester. 
**Department of Diagnostic Radiology, University Hospital of South Manchester. 
***Professorial Surgical Unit, University Hospital of South Manchester. 
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The level of the lesion was identified by palpation and inspection of 
the rnammograms. The 32 cm ring was used and that part of the area to 
be reconstructed not occupied by patient was filled by bolus bags. The 
patients were scanned at 140 kVp at normal scan speed (20 s). The first 
scan was made just caudad to the lesion. The patient was scanned at 
1 cm intervals moving towards the head for a total of 8 scans. If the 
axillae had not been scanned in this first series, further scans were 
made. 

One patient was rescanned after intravenous injection of sodium iothal
amate 420 mg iodine/ml (Conray 420). 

All but 2 patients had undergone mammography. The mammograms were taken 
using a vacuum packed screen film technique (2), or were xerograms. 

All the C.A.T. scans were reviewed using hard copy and interaction with 
the Diagnostic Display Console (D.D.C.). They were reviewed retrospec
tively in the light of the accurnulated experience of the series by one 
observer (J.J.K.B.) and assigned to one of three categories: 

a) Lesion not seen 
b) Malignant 
c) Benign 

The marnrnograms were reported routinely. All patients had histological 
confirmation of their diagnoses. 

Results 

Table 1 correlates the results of mammography, histology and C.A.T. 

Table 1. 

Patient Mammography Histology C.A.T. 

E.McC. M M M 
A.B. M B M 
R.P. M M M 
I.H. B B M 
N.C. M M 
E.B. M M SU 
M.L. B B M 
J.W. NM M M 
K.K. M M 
C.M. M M M 
I.C. B M M 
A.McG. M M M 
B.K. M B M 
H.McL. M B B 
M.T. M M M 
L.W. M M M 
M.A. M M M 
J.S. M M 
C.G. M M M 
E.S. B M 
F.L. B B B 
N.D. M M B 
A.McD. B B 
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Table 1. Continued 

Patient 

E.M. 
B.O'R. 
J.D. 
A.W. 
M.D. 
M.M. 
D.G. 

Mammography 

B 
M 
NM 
B 
M 
M 
M 

Histology C.A.T. 

B B 
M M 
B SU 
B 
M M 
M SU 
B 

M - Malignant, B - Benign, - Lesion not seen, NM - No mammograms, SU - Scan un
satisfactory 

Table 2. 

Lesions Correct False False 
detected diagnosis positive negative 

Mammographya 28/28 22/28 4/28 2/28 
C.A.T. b 20/27 15/27 4/27 1/27 

aTwO patients did not have mammograms. 
bThree patients are not included as their scans were technically unsatisfactory. 

Tab1e 2 presents the resu1ts in terms of the 1esions detected, the 
correct diagnoses, the fa1se positive and fa1se negative rates for both 
mammography and C.A.T. 

Three patients had unsuccessfu1 scans. The scans of two patients fai1ed 
to reconstruct due to technica1 faults. The scans of the third patient 
were so degraded by movement artefact as to make them unreportab1e. 

A normal pattern of breast periducta1 tissue, fibrous stroma and fat 
was recognised (Fig. 1). Benign 1esions were identified as mass 1esions 
of the same radio-density as the fibrous stroma of the breast with a 
c1ear1y defined edge (Fig. 2). Ma1ignant 1esions caused more disrup
tion of the stroma1 and periducta1 patterns with 10ss of definition 
between the fat and fibrous tissue (Fig. 3). 

Microca1cification associated with carcinomas cou1d not be recognised 
either by interaction with the D.D.C. or by examination of the print
out of EMI numbers. 

One unequivoca1 C.A.T. sign of ma1ignancy was demonstrated: the pre
sence of a mass 1esion with an axi11ary mass identified as en1arged 
1ymph nodes (Fig. 4). 

In one patient the diagnosis of necrotic carcinoma was correct1y made 
because of a mass 1esion with 10wer EMI number in the centre and as
sociated axi11ary 1ymph nodes (Fig. 5). 
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Discussion 

The results presented show that C.A.T. using the technique described 
and the Manchester EMI CT5000 Whole Body Scanner detects carcinoma of 
the breast less weIl than conventional mammography. It is recognised 
that the technique used is open to criticism, but it was chosen for 
simplicity and to allow as large a nurnber of patients as possible to 
be examined using an appointment system so as to reproduce the type of 
workload of a screening facility. 

It had been expected that C.A.T. would be capable of detecting calcif
ication in the breast, but in the patients in whom microcalcification 
was demonstrated by conventional mammographie or xerographie methods, 
calcium was not detected either by inspection of the hard copy or by 
interaction with the data on the D.D.C. In the one patient where calcium 
was detected this was distant from the mass and the histology of the 
specimen showed calcification in a region of duct ectasia separate from 
the lesion. 

It is thought that the failure to identify microcalcification is due 
to the small size of the calcifications, diameter 100 ~m-300 ~(9).This 
is smaller than the spatial resolution of the EMI CT5000 scanner, which 
is in the order of 1.0 mm. The microcalcifications will affect the mean 
attenuation value for the computed volume of tissue ("voxel") by a 
small arnount which may be within the variation due to noise. 

An expected advantage of whole body C.A.T. over conventional mammography 
and C.A.T. using special mammographie C.A.T. scanners, was the oppor
tunity to detect carcinoma spread to axillary lymph glands. In this 
study unenlarged lymph glands could not be reliably identified. It is 
thought that this is because lymph nodes contain quantities of fat, 
some with only a rim of lymphoid tissue (Fig. 6) and are embedded in 
axillary fat. Because of the limitations of spatial resolution, as pre
viously discussed, and the 'partial volume' effect, i.e. an interface 
passing obliquely through a voxel of tissue, lymph nodes may not be 
visualised. 

Lymph nodes in which malignant cells are detected by histology may be 
only partially replaced by malignant cells. In three patients in this 
study enlarged lymph nodes were identified. 

An important consideration when employing a screening procedure using 
ionizing radiation is the dose to the patient. It has been concluded 
that 6-monthly mammographie examinations over a 10-year per iod might 
induce a risk of breast cancer unless the dose per examination is re
duced below 2 rads (5). The maximum skin dose with the vacuum packed 
screen film technique used for this study was in the order of 0.2 rads 
(2). Xeromammography delivers a skin dose reported to be approximately 
5 rads for a single view exposure (4, 12). The absorbed dose received 
in a C.A.T. examination is the dose delivered in one scan together with 
contributions due to "pile Up" from adjacent scans. The accumulated 
dose for the centre scan of 5 scans is in the order of 5 rads (8). 
Work presented at this seminar (11) suggests that the accumulated dose 
may be even higher. 

It is realised that the nurnbers in this pilot study are too small for 
any great significance to be attached to them. If the rates of malig
nancies missed by marnrnography and C.A.T. are compared (Table 3) it may 
be seen that the difference is due to the eight carcinomas that were 
not detected by C.A.T. 
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Table 3. Malignancies missed 

Mammography 
C.A.T. 

( 6/60) 
( 19/60) 

11% 
35% 

(10%) 
(31. 7%) 

The figures in parentheses relate to results reported using the G.E. CT/M (REESE, 
1976) • 
aOne patient did not have a mammogram. 
bTwo patients are omitted from the C.A.T. total as two of the unsatisfactory scans 
were in patients with carcinoma. 

It is thought that C.A.T., with its unique facility for quantifying 
variations in attenuation values of tissue, has a role to play in the 
diagnosis of breast carcinoma. It is intended to continue the trial 
scanning three groups of patients: 

1. Patients with abnormal marnrnograms but with normal clinical findings 

2. Patients whose marnrnograms show dense fibrous stroma which makes 
interpretation of marnrnography difficult 

3. Patients with possible secondary spread, as shown by positive radio
isotope bone scans, but with negative X-rays 

It is intended to modify the technique and use intravenous contrast 
to investigate the role of contrast enhancement as a reliable guide 
to the nature of lesions (Fig. 7). It is hoped to undertake statistical 
evaluation of the scan data and, following evaluation of the noise 
characteristics of the CT5000 scanner, it may prove possible to use 
the autocorrelation function to characterise changes in breast tissue 
and its response to disease (11). 

In conclusion, it is felt that C.A.T. using the technique which was 
adopted for this pilot study does not provide a useful screening teeh
nique for earcinoma of the breast. This conclusion is based on the 
limitations of C.A.T. to detect carcinoma of the breast, as have been 
discussed, and on the considerations of radiation dose to the patient. 
It is thought this latter faetor alone may preelude its use as a 
screening tool. If the cost effectiveness of the procedure is also 
considered, this reinforces the conelusion. 
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Fig. 1. Normal breast pattern 

Fig. 2. Benign breast lesion 

Fig. 3. Malignant breast lesion 
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Fig. 5. Carcinoma with central 
necrosis 

Fig. 6. Lymph node containing 
fatty tissue (histological 
section) 
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Fig. 7a and b. Carcinoma of 
breast (a) before contrast en
hancement; (b) with contrast en
hancement 



Subject Index 

.ßbscess 164 
bacterial 183 
cerebellar 128, 183 
cerebral 151, 162, 183, 186, 267 
fungal 184 
pyogenic 183 
subdural 183 
tuberculous 184 

Absorption, transependymal 130 
values 156, 157 

Adenocarcinoma, of colon 375 
Adipose Tissue 340 
Adrenoleukodystrophy 191, 193 
Aldosterone 119 
Alexander's disease 191, 193 
Amipaque see Metrizamide 
Anaesthesia, general 64, 71, 169 
Aneurysm, intracranial 18, 81, 256, 257, 

266 
splenic artery 400 

Angioblastoma 111 
Angiofibroma 313 
Angiography, cerebral 54, 60ff., 102, 

113, 150, 183, 227, 239, 255, 262 
Angioma, cavernous 106, 261 

cerebellar 128 
cerebral 150, 155, 251, 261 
dural 261 
orbital 155 
thrombosed 268 

Angiosarcoma 140 
Angulation, scanning 3, 359 
Anticoagulation therapy 251 
Aorta, abdominal 353 

arch 340, 341 
ascending 341 
descending 341 

Aqueduct, cerebral 5 
stenosis 170, 312 

Arachnoiditis 163 
Artefacts 36, 281, 314 
Artery (ies), anterior cerebral 

147, 222 
anterior choroidal 149 
anterior communicating 147 
basilar 25 
cerebellar 82 
coeliac 342, 353 
common carotid 339, 341 
gastric (left) 353 
hepatic 342, 353 

17, 19, 

iliac 353 
innominate 341 
internal carotid 147, 149 
lenticulostriate 17, 20, 150, 255 
middle cerebral 17, 19, 149, 222, 246 
ophthalmie 148 
posterior cerebral 17, 19, 150, 222, 

243 
posterior choroidal 150 
posterior communicating 17, 147, 149 
posterior pericallosal 255 
postero-lateral choroidal 149 
pulmonary 341 
recurrent of Heubner 17 
renal 353 
splenic 342, 353 
subclavian 339, 341 
superior mesenteric 343, 353 
thalamogeniculate 17, 20 
thalamoperforate 17, 20 

Ascites 376 
Aspergilloma 128 
Astrocytoma 81, 86, 111, 119, 124, 129, 

164, 169, 176 
Ataxia, hereditary cerebellar 198 
Atrium, right 342 
Atrophy, cerebral 205, 213, 218 

cortical 207, 218, 230 
focal 264 
spinal neurogenie muscular 196 

Axonal shearing 65 

~arrier, blood brain 120, 141, 223, 227, 
230, 277 
blood spinal 

Basal ganglia 
Bile 340 
Bladder 359 

cord 
52 

328 

carcinoma of 359, 394, 396 
Bleeding diathesis 161 
Blindness, cortical 247 
Blood, extravasated 256 
Blood flow, cerebral 223ff. 
Body, lateral geniculate 147, 149 

restiform 25 
vertebral 291, 313, 340, 343 

Bone, cortical 291 
trabecular 291 

Bowel, large 340 
small 340 

Brain stern 17 



426 

Brain swelling 64, 70 
Breast, carcinoma 400, 416 
Bronchi 341 
Bullae, emphysematous 400 

~alcification (in), angioma 261, 264 
aorta 253 
breast cancer 416 
cortex 177 
epidermoid 97 
glioma 86 
lymph nodes 374 
meningioma 103, 106 
pancreas 367ff., 382ff. 
prostate 360 
Sturge-Weber syndrome 177 
tentorium 30 
tuberose sclerosis 176 

Camera, gamma 54 
Canavan's diffuse sclerosis 191, 193 
Capsule, external 5 

extreme 5 
internal 5 

Carcinoma, epidermoid 141 
Cauda equina 313 
Centrum semiovale 43 
Cerebellopontine angle tumour 81 
Cerebellum 3, 17 
Cerebral mantle 170 
Cervix uteri, carcinoma 393 
Chemotherapy 44 
chi ar i malformation 170 
Chiasm, optic 4, 25, 147 
Cholangiography 367, 384 
Cholesteatoma 94 
Chordoma 112, 140 
Circle of Willis 18, 266 
Cirrhosis, primary biliary 375 
Cistern, ambient 5, 25 

cerebellopontine 25 
chiasmatic 4, 24 
crural 149 
interpeduncular 25 
"pentagon" 25 
pericallosal 19 
pontine 25 
quadrigeminal 5, 24, 26 
retropulvinar 5 
suprasellar 18, 24, 25, 175 
(of) velum interpositum 24, 26 

Cisterna magna 3, 4, 25, 205 
Cisternography 24, 134, 205, 206 
Cisterns, basal 123, 205, 213 
Claustrum 5 
Clivus 25 
Colliculus, superior 
Commissure, anterior 
Compton effect 280 
Computer, subtraction 
Confidence threshold 

5 
5 

277 
46 

Contrast, accumulation 206 
Contusion, cerebral 65, 70 

Convexity block 213 
Coronal projection 313 
Corpus callosum, genu of the 5 
Cortex-cerebral-motor 18 

occipital 147, 150, 243 
sensory 18 
striate 150, 243 
visual 5 

Costing 52ff. 
Craniopharyngioma 98, 106, 111, 119, 148, 

162 
Curvature, spinal 324 
Cyst, arachnoid 163, 170 

blood 155 
hydatid 163 
ovarian 400 
renal 385, 400 

~ecision theory 46 
Decubitus, position 383, 412 
Deficiency, aryl sulphate 193 

immune 161 
Degeneration, neuronal 191ff. 

ponto-cerebellar 191 
Dementia 213 

multi infarct 223 
Demyelination 128, 194 
Densitometry, bone 58 
Dermoid 94, 128, 155 
Dexamethasone 118, 119, 223 
Diabetes, insipidus 162 

mellitus 162 
Diaphragm 340, 342 
Disc, intervertebral 313, 343 
Doppler flow recordings 58 
Dorsum sellae. 4 
Dose, radiation 61, 154, 302, 319, 419 
Drug(s), anticholinergic 337, 340, 371, 

412 
antimetabolite 196 
poisoning 161 

Duct, common bile 343 
hepatic 342 
pancreatic 374 

Duodenography 367 
Duodenoscopy 267 
Duodenum 343, 367, 3.76, 383 
Dura mater 29 
Dwarfism 162 
Dysplasias, neuroectodermal 174 

E.E.G. 59, 183, 222, 237 
Edge blur 37 
Effective, atomic number 280 

electron density 280 
Effusion, mediastinal 274 

peritoneal 342, 376 
pleural 375, 397 

Emboli, cardiac 244 
Empyema, subdural 183, 267 
Encephalitis 185 

subacute sclerosing 162 



Encephalomyelitis 194, 195 
Encephalopathy, hypertensive 196 
Endocrine disorders 162 
Endometriosis 360 
Ependymoma 81, 107, 111, 127, 129, 163 
Epidermoid 94, 111 
Epilepsy 68, 215 
E.R.C.P. 368, 369 
Evans' Ratio 213 
Exophthalmos 174 

Facet, interarticular 324, 325 
Falx cerebri 29 
Fat replacement 374 
Filtering, spectral 323, 328 
Fissure, calcarine 149, 150, 243 

central 19 
choroid 149 
interhemispheric 25, 207, 213 
parieto-occipital 5 
Sylvian 4, 19, 25, 118, 207, 213 

Foramen, intervertebral 324, 343 
magnum 25 
(of) Monro 5 

Forceps major 150 
Fornix 5 
Fossa, middle cranial 3 

posterior 3 
pterygo-maxillary 143 

Fracture, skull 65 
Furosemide 119 

Gall bladder 340, 377 
Gall stones, radio-opaque 367 
Gastrinoma 375 
Gastrografin 376, 383, 412 
Gland, lacrimal, tumour 155 
Glaucoma 177 
Gliobla~toma 111, 119 
Gliomas 77, 106, 265 

benign 85 
brain stem 169 
intraventricular 107 
malignant 85 
optic chiasm 148, 174, 175 
optic nerve 156, 174, 175 
pontine 26 

Globus pallidus 5 
Glucagon 383, 406 
Glucagonoma 375 
Granuloma, orbital 155 
Grey matter, heterotopic 175 
Gyrus, angular 19 

frontal 4 
orbital 3 
parahippocampal 4 
rectus (straight) 3, 25 
subcallosal 5 
temporal 4 

~aemangioblastoma 81, 126, 129, 130, 
177, 178 

Haemangioma, cavernous 155 
Haemangiopericytoma 155 
Haematocrit 249, 272 
Haematoma, extradural 44-63, 64, 68 

focal 266 

427 

intracerebral 64, 70, 249, 257, 262, 
266 

intracranial 62 
intradural 64 
lobar 251 
post operative 82, 268 
soft tissues 364 
subdural 24, 64, 70, 71, 222, 257 

Haemoglobin 249, 263 
Haemorrhage, aneurysmal 252 

basal ganglia 252 
cerebellar 128, 252 
intracerebral 221 
intracranial 162, 318 
intraventricular 257 
pontine 71, 251, 252 
spontaneous 266 
subarachnoid 26, 30, 161, 255, 258, 262 

Head injury 62 
Heart 340, 342 
Hemianopia 149, 244 
Hemihypertrophy 174, 175 
Hemiplegia, acute 221 
Herpes simplex 185 
Hippel-Lindau (von) disease 177 
Hodgkin's disease 392, 406, 407, 411 
Holography, ultrasonic 158 
Horn(s), frontal 5 

temporal 3, 26, 129 
temporal, dilatation of 130, 207 

Huntingdon's chorea 215 
Hydrocephalus, arrested 171 

cerebral angioma (with) 129, 258, 264 
communicating 82, 206, 207 
infantile 169 
normal pressure 168, 170, 205, 219 
obstructive 82, 90, 123, 134, 169, 219 

Hydronephrosis 398 
Hygroma, cystic 155 
Hyperostosis 103 
Hypertension, benign intracranial 161 

Infarct 26, 82, 130, 268 
cerebellar 127 
cerebral 221, 228, 239, 243, 245 
haemorrhage 222, 229 
ischaemic 118 
lacunar 223 

Infection, intracranial 182 
"Infiltration", pulmonary 397 
Insula, of Reil 26 
Insuloma 375 
Intracranial pressure, monitoring 65 

raised 130, 161, 168, 175 

Jaundice 367 
Jejunum 343, 376 



428 

Joint, apophyseal 323, 343 
costo-vertebral 344 

Kidney 340, 342 
Krabbe's disease 191, 193 

~acuna, post-haemorrhagic 250 
Lamina, vertebral 324, 344 
Laparotomy 406, 411 
Leeches 53 
Leukaemia 161, 164, 396 
Leukodystrophy, globoid 193 

metachromatic 193 
spongiform 191, 193 
sudanophilic 191 

Leukoencephalopathy, disseminated necro
tising 196 
me tachromatic 191 

Level of conservatism 46 
Ligament, falciform 342 

gastro-hepatic 342 
petroclinoid 29 

Lipoma 313, 364 
Liver 339, 340, 342, 383, 399, 411 
Lobe, frontal 3, 18 

left (of liver) 340, 342 
occipital 5, 18, 150, 193 
parietal 6, 18 
quadrate 342 
Reidel's 343 
right (of liver) 342 
temporal 318 

Lobule, paracentral 19 
Lucency, periventricular 123, 129, 169 
Lungs 341 
Lymph nodes 340, 360, 389, 398, 411, 

418, 419 
Lymphogram 389, 396, 406, 411 
Lymphoma 392, 396, 406, 411 

orbital 155 
staging 406, 411 

Lymphosarcoma 106 

~acrocephaly 170 
Macular, area 244 

sparing 246 
Malignant Histocytosis 392 
Mammography 416 
Meatus, internal auditory 38 
Mediastinum 341 
Medulloblastoma 81, 113, 126, 129, 164 
Melanoma, malignant 155, 396 
Meningioma 76, 78, 80, 83, 102, 104, 

106, 111, 112, 119 
extracranial 140 
intraventricular 107 
olfactory 118 
orbi tal 155 

Meningitis, basal 185 
cryptococcal 186 
fungal 186 
pyogenic 185 

tuberculous 161, 184, 185, 186 
Mesothelioma 391 
Metastases 77, 78, 375, 389 

bone 390, 399, 413 
hepatic 368, 377, 398, 399, 407 
intracranial 81, 86, 87, 111, 112, 119, 

127, 129, 164 
nodal 359, 406 
orbital 155 

Methotrexate 196 
Metrizamide 24, 170, 205, 208, 323, 326 
Microcalcification 416 
Midbrain 5 
Migraine 215, 244 
Motor neurone disease 198, 215 
Mucocoele 313 
Muscle, bundles 339 

lateral pterygoid 139 
psoas 360, 364 
rectus 156 
sternocleidomastoid 339 
sternothyroid 339 

Muscles 140, 342, 364 
Muscular dystrophy 195 

Naevus 177 
Nerve, optic 25, 147 

phrenic 339 
trigeminal 3, 25 

Nerve entrapment 323 
Neurilemmoma 155 
Neuroblastoma 163 
Neuro ectodermal dysphasias 174 
Neurofibroma 112 
Neurofibromatosis 174, 175 
Neuroma, acoustic 26, 81, 76, 107, 111, 

134, 174, 175 
trigeminal 107 

Nicklaus, Jack 369 
Noise 46 

electronic 304 
Noteh, interlaminar 324 
Nucleus, caudate 4, 17, 19 

lenticular 5, 17, 19 

O.M. line 18 
Oedema, cerebral 82, 255 

cerebral with glioma 86, 90, 119 
with haematoma 250 
with meningioma 105, 106, 119 
with metastases 119 
perifocal 118 
pulmonary 397, 399, 401 
vascular 120, 221, 233 

Oesophagus 341, 377 
Oligodendroglioma 82, 86, 111, 119 
Orbit(s) 4 

roof 3 
wall of 174 

Osteoporosis 291 
Ovaries 360 



~C02' arterial 275 
Paget's disease 312, 331 
Palsy, progressive supranuclear 191 
Pancreas 340, 342, 343 

tumours 369, 375 
Pancreatic, imaging 368 

juice 370 
pseudocyst 370, 373, 374, 382, 383, 

385 
Pancreatitis 368, 370, 373, 384 

acute 383, 384 
chronic 383, 385 
subacute 383, 384 

Pancreatography 369 
Papilloedema 129, 130 
Papilloma 107 
Parkinsonism 197, 198, 215 
Pars interarticularis 324 
"Pearly Tumour" 94 
Pedicle, vertebral 324 
Peduncle, cerebellar 25 

cerebral 25 
Penis, carcinoma 396 
Perfusion, luxury 230 
Petrous bones 3 
P.E.T.T. 272 
Pharynx 141, 313 
Pineal 5, 26 

107, 112, 119, 163 
80 

Pinealoma 
Pituitary 

adenoma 
stalk 

76, 106, 111, 119, 147, 148 
25 

Plane of fat 340 
of tomogram 3, 43, 359 

Planimetry 218 
Plaques, periventricular 203 
Plexus, choroid 5, 209 

glomus of 5 
papilloma 111, 169 

Pneumoencephalography 52, 56, 60, 65, 
76, 81, 98, 102, 148, 170, 175, 191, 
196, 207, 213, 218 

Pneumothorax 400 
Pole, occipital 149 
Polychromatic correction 305 
Polycythaemia 196 
Pons 3, 25 
"Poodle face" 118 
Porencephaly 170 
Porta Hepatis 399 
Positioning 148 
Process, transverse 324 
Prostate 359, 362 
Pseudo tumour, orbital 155 
Psychometry 213 
pterion 19, 26 
Pulmonary venous inflow chamber 342 
Pulvinar 149 
Putamen 5 

auadrantanopia 244 

R.O.C. 46 
Radiation, cystitis 359 

hazard 157 
Radiations, optic 149, 245 
Radionecrosis 83, 90 

429 

Radionuclide scanning 53, 56, 62, 79, 83, 
102, 171, 183, 222, 227, 267, 369 

Radiotherapy 43, 78, 112, 140, 162, 196, 
314 

Radius 293 
Recess, infundibular 4 
Reconstruction, longitudinal and coronal 

plane 154 
Referral pattern 59 
Resolution, spatial 324 
Rib 344 

Sarcoma 111, 119 
angioblastic 142 
reticulum cell 396 
retroperitoneal 396 

Scanogram 340, 372 
Scar tissue 364 
Schmorl's nodes 397 
Scotoma 244 
Sella turcica 24 
Seminoma 389 
Septum pellucidum 5 
Serum 250 
Shunt, malformation 162 

ventricular 171 
Shy-Drager syndrome 198 
Sinus, maxillary 143, 313 

petrosal 29 
sagittal 83 
sphenoid 4 
straight 29 
transverse 29 

Sinuses, paranasal 38, 141 
Skull, base 140 
Soto's disease 199 
Space, chromium 274 
iodine 274 

Sphenoid bone 3 
Spinal canal 313, 324, 343 

stenosis 313, 331 
Spinal cord 25, 313 
Spinous process 324, 344 
Spleen 342, 392, 398, 399, 408, 411 
Splenium 5, 29 
Spongioblastoma 111 
Steele-Richardson syndrome 198 
Sternum 341 
Stomach 343, 383 
Streaks 37 
Striatonigral atrophy 191, 198 
Sturge-Weber syndrome 176, 262 
Sulci, cerebral 24, 25, 213 

frontal 19 
size of 218 
temporal 19 



430 

Sulcus, central 6 
cingulate 19 
collateral 19 
post central 19 
precentral 19 

Suprarenal 343 
Suprasellar region 80 

!elangiectases 262 
Tentoriwn 29 
Teratoma 163, 391 
Testicle, tumour of 389, 396 
Thalamus 5, 17, 19 
Thermometry 58 
Thymus 341, 397, 399 
Thyroid 339, 341 
Tomography, axial hypocycloidal 155ff. 
Tonsil, cerebellar 25 
Torcula 29 
Torkildsen procedure 283 
Trachea 341 
Tract, optic 25, 147, 149 
Transient ischaemic attacks 228, 230 
Trigone, ventricular 5 

vesical 360 
Tuberculoma 106, 128, 163 
Tuberose sclerosis 175, 176 
Tumour, adenocarcinoma of colon 375 

basal ganglia 169 
(of) cavwn oris 141, 143 
cerebral 89, 118, 221 
cerebral, cystic 81, 105, 106, 163 
cerebral, management 77, 82 
cerebral, recurrent 82 
follow up 84 
intracerebral 97 
intracranial 161 
malignant 385 
optic nerve 156 
paraventricular 176 
posterior fossa 26, 119, 123, 164 
pseudo 156 
secondary 
suprasellar 

156, 157 
26, 148 

Qlcer, gastric 374 
Ulna 293 
Ultrasound 58, 59, 61, 62, 155, 157, 

353, 359, 370, 386 
Uncus 4, 25 
Ureter 359, 406 
Uterus 359 

~alve, mismatching 162 
Varices 367 
Varix, orbital 155 
Vascular disorders 196 
Vein, basal 149 

brachiocephalic 341 
epidural 326 
(of) Galen 265 
hepatic 342, 353 
iliac 354 
inferior mesenteric 354 
internal jugular 339, 341 
portal 342, 353, 354 
renal 353, 354 
spelnic 343, 353, 354 
superior mesenteric 353, 354 

Vena cava, inferior 342, 353, 354 
superior 341 

Venography, orbital 155 
Venous malformation 156, 157, 261 
Ventricle, fourth 3, 4, 25, 123, 205 

fourth, lateral recess of 25 
lateral 4, 5, 129, 205, 213 
third 4, 25, 26, 147, 205, 207 

Ventricular "score" 218 
Ventriculography 62, 168ff., 184 
Vermis 3, 4, 26 
Vessels, abdominal 340 

pulmonary 340 
Visual field defects 147, 243 

White matter 118, 169 
Wilson's disease 197 



FURTHER TITLES 

S. Takahashi, S. Sakuma 
Magnifieation Radiography 
59 figures. VII, 110 pages. 1975 
ISBN 3-540-07238-1 

G. Salamon, Y.P. Huang 
Radiologie Anatomy of the Brain 
In eooperation with numerous experts 
282 figures in 463 separate illustrations. XII, 404 pages. 1976 
ISBN 3-540-07528-3 
Distribution rights for Japan: Nankodo Co. Ltd., Tokyo 

M.A. Meyers 
Dynamie Radiology of the Abdomen 
Normal and Pathologie Anatomy 
With a Contribution Ultrasonography by E. Kazam 
638 figures, ineluding 14 color plates. LVI, 351 pages. 1976 
ISBN 3-540-90178-7 

Computerized Axial Tomography 
An Anatomie Atlas of Serial Seetions of the Human Body 
Anatomy - Radiology - Scanner 
By J. Gambarelli, G. Guerinel, L. Chevrot, M. Mattei 
With the teehnieal eollaboration of R. Galliano, S. Nazarian, Drawings 
by J.P. Jaeomy, Photographies by D. Amy, M. Solor 
550 figures (some in color), Approx 305 pages. 1977 
ISBN 3-540-07961-0 
This atlas will also be published in German 

Advanees in Cerebral Angiography 
Anatomy - Stereotaxy - Embolization - Computerized Axial Tomography 
INSERM-Symposium Marseille, May 13-16, 1975 
Editor: G. Salamon 
222 figures, 8 tables. XVI, 375 pages. 1975 
ISBN 3-540-07569-0 
Distribution rights for Japan: Nankodo Co. Ltd., Tokyo 

s. Wende, E. Zieler, N. Nakayama 
Cerebral Magnifieation Angiography 
Physieal Basis and Clinieal Results 
With the eollaboration of K. Sehindler 
141 figures. VII, 150 pages. 1974 
ISBN 3-540-06651-9 
Distribution rights for Japan: Igaku Shoin Ltd., Tokyo 

Springer-Verlag Berlin Heidelberg New York 



A.S. Takahashi 
An Atlas ofAxial Transverse Tomography and its Clinical Application 
576 figures. VII, 329 pages. 1969 
ISBN 3-540-04730-1 

A. Wackenheim 
Roentgen Diagnosis of the Craniovertebral Region 
500 figures, XXII, 601 pages. 1974 
ISBN 3-540-06615-2 
Distribution rights for Japan: Igaku Shoin Ltd., Tokyo 

B. SchZesinger 
The Upper Brainstem in the Human 
Its Nuclear Configuration and Vascular Supply 
With a Foreword by H. Ferner 
326 figures, some in color, 10 tables. XVI, 266 pages. 1976 
ISBN 3-540-07497-X 

Radiological Exploration of the Ventricles and Subarachnoid Space 
By G. Ruggiero, J. Bories, A. Calabro, G. Christi, G. Scialfa, 
F. Smaltino, A. Thibaut 
With the cooperation of G. Gianasi, G. Maranghi, C. Philippart, 
E. Signorini 
90 partly colored (279 separate illustrations). XIV, 152 pages. 1974 
ISBN 3-540-06572-5 
Distribution rights for Japan: Igaku Shoin Ltd., Tokyo 

Cranial Computerized Tomography 
Proceedings of the Symposium Munich, June 10-12, 1976 
Editors: W. Lanksch, E. Kazner 
Editorial Board: T. Grumme, F. Marguth, H.R. Müller, H. Steinhoff, 
S. Wende 
620 figures. XIV, 478 pages. 1976 
ISBN 3-540-07938-6 
Distribution rights for Japan: Nankodo Co. Ltd., Tokyo 

;nLI'Mf~M..U..QN 
R. DjindJian. J.-J. MerZand 
Super-Selective Arteriography of the External Carotid Artery 
With collaboration of J. Theron 
Translated from the French by I.F. Moseley. - Preface by P.R. Houdart 
1068 figures, 5 plates, some in colour, Approx. 990 pages. 1977 
ISBN 3-540-08118-6 

G. SzikZa 
Angiography of the Human Brain Cortex 

Springer-Verlag Berlin Heidelberg New York 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice




