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Isotopes have been used for the detection and location of intracranial lesions since 1948 (Moore, 1948). In 1947 Moore
demonstrated that fluorescein injected intravenously was selectively absorbed by gliomas (astrocytomas) and other tumours.
When an ultraviolet light was shone on the exposed brain, a
glioma reaching the surface reflected a different colour-yellow
Moore argued that if
-from the remainder of the brain.
sodium diiodofluorescein tagged with 13 I was injected intravenously it should be possible with the aid of a Geiger-Muller
counter to detect brain tumours through the intact skull. In
this he was successful. Since then a large number of isotopes
have been used for this purpose, and the apparatus designed
for the detection of the emitted radiation has become more and
more sensitive and sophisticated.
Many neurological centres, particularly in the United States,
are now using isotopes routinely for establishing the detection
of brain tumours. Until recently the method has been applied
relatively little in Europe, with the notable exception of the
work of Planiol (1963), of Paris, whose experience spans about
a decade. Most Europeans, with the above outstanding exception, have largely relied on the well-established techniques of
pneumography and angiography, which for the most part have
proved so satisfactory. Furthermore, until lately, visits to
centres in the U.S.A. did not suggest that the results warranted
the installation of the then very expensive equipment which was
necessary to carry out isotope encephalography. However, the
work of such men as Di Chiro (1961), Blau and Bender (1962),
Brinkman et al. (1962), Pitlyk et al. (1963), and others has been
so striking that further delay in attempting to confirm their
results did not seem justified.
Besides this, the economic picture has changed radically in
that several commercial firms now market apparatus capable
of detecting isotopes. Not only has the price of equipment
become much more reasonable, but it has been sufficiently
simplified to allow scanning to be easily undertaken in the
x-ray department without the aid of a physicist.
The work to be described was carried out with a Picker
Magnascanner and the isotope used in the first 100 cases
(May 1963 to January 1964) was 2"'Hg chlormerodrin (Neohydrin). Patients were selected only to the extent that those
under the age of 18 years were excluded on the grounds of
possible radiation damage to the kidneys. All the cases
examined were suspected clinically of harbouring an intracranial
mass.

Method
In order to produce a strictly comparable series, the first 100
cases were scanned without any change of technique and under
The patient was
as nearly as possible identical conditions.
prepared 24 hours before receiving the isotope with an intramuscular injection of 1 ml. of meralluride (Mercardan). This
mercury compound was given to reduce the uptake of the
isotope by the kidneys and thus reduce the renal radiation dose.
Early on the day of the examination the patient received an
intravenous injection of 10 nuc/kg. body weight of ""Hg chlormerodrin, with a maximum dose of 700 tc, irrespective of
excess weight. Since the optimum interval between injection

and

scan

has been estimated

at

six

hours, the scn (whkh takes

hours) was started five hours after injection.
The scanning process is achieved by the passage of focused
detector backward and forward across the patient's head. At
the end of each traverse the detector moves up 2 mm. so that
it covers the area to be scanned rather in the manner of mowing
a lawn. The recording is made by a small light source (2 mm.
diameter), mechanically coupled with the detector, which consequently covers an exactly equivalent area. The brightness
of the light varies with the strength of the emission from the
patient and shines on to an ordinary x-ray film contained in a
light-tight compartment within the machine. Thus when the
emission is high the light is bright and the film upon which it
plays is dark. Conversely, where the emission is low the film is
clear. The settings on the machine have to be varied in each
case, depending on the maximum and minimum counts. These
are determined by a preliminary survey of the skull before the
scanning proper begins.
Immobilization of the head is all-important and was achieved
by means of the Lysholm headband and a plastic-foam cushion.
In only a few cases was sedation found necessary before the
two

a

scan.

A basic principle in all radiological examinations is to take
projections at right angles wherever possible. Only
by this means can a lesion be satisfactorily defined and located.
The scanning detector is so designed that it is focused 6.5 cm.
from its surface. For this reason the clinically indicated lateral
scan was always done first, as this aspect covers a greater
volume of brain tissue than either the prone or supine view.
The second projection is determined by the position of the mass
as seen on the lateral view. Thus if the lesion lies anteriorly a
supine scan is indicated and if posteriorly a prone scan.
203Hg chlormerodrin has a physical half-life of 48 days
and an estimated biological half-life of 13 hours. This
combination results in a renal radiation dose which has been
variously estimated at 50 to 60 rads. For this reason no patient
When
was scanned more than once with this substance.
follow-up scans were indicated they were undertaken after a
suitable interval with an isotope giving less radiation to the
kidneys.
In the last 30 of these first 100 cases a modification was made
in the presentation of the results. This consisted of superimposing an underexposed x-ray film on the same scan by t
double-exposure technique described by Marryat and Bull
(1964) (Special Plate, Figs. 1 and 2). It was found that this,
while in no way altering the scan, made the lesion easier to
locate accurately. It has proved to be of great value, particularly in positioning biopsy burr-holes and craniotomy boneflaps.
two or more

Interpretation of the Scan
As in all other radiographic procedures, this requires experiand the first step is to become thoroughly familiar with

ence,

This work was made possible with the aid of a Grmt from the British
Empire Cancer Campaign.
t Institute of Neurology, Queen Square, London.
*
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Results

An analysis of the first 100 cases has been made (Table I).
Some of the negative and equivocal cases were scanned a second
time after a few months, when the clinical suspicion of a
tumour remained strong; three further positives were thus
detected (Table I). Sometimes the scan examination was undertaken at a point in time before the pathological process was
sufficiently florid to be detectable.
TABLE I.-Analysis of 100 Cases
First Examinations

Positives at
Second Examination
Months Later

Final Result

2

53
42
5

and malignant astrocytoma. The patient, a man aged 55, died
within a fortnight at another hospital.
Case 5 showed bifrontal masses with an isthmus joining them.
Added experience soon showed that this was pathognomonir
of a corpus-callosum astrocytoma (see below). Further con,firmation was provided by air encephalography, which showed
a deformity of the anterior horns of both lateral ventricles.
This patient also died within a fortnight, but necropsy was
refused.
TABLE III.-Astrocytomas. Positive Cases

CNase

Site

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

R. parietal
R. parietal and corpus callosum
R. parietal
R. fronto-parieto-temporal
Bifrontal and corpus callosum
R. parieto-temporal and corpus
callosum
R. parietal and corpus callosum
Bifrontal and corpus callosum
Deep L. sylvian
L. temporo-parietal
R. occipito-parietal
Biparietal and corpus callosum
L. parietal
R. frontal and corpus callosum
R. frontal and corpus callosum
L. occipital
R. parietal
R. parietal
R. frontal
L. parietal
R. frontal
R. frontal

*

Positives 50
Negatives 44
Equivocal 6

..
..
..

Positives
Table II shows an analysis of the positive cases. The
various pathological groups in this table must now be considered. About 50% of brain tumours are astrocytomas, so
it is hardly surprising that there were far more cases belonging
to this group than to any other.

The astrocytomas are listed

in Table III.
TABLE II.-Analysis of Positive Cases
Case
No

1-22
23-33
34-41
42
43
44
45
46
47
48
49
50

Pathology
.
.
Astrocytomas
Metastases.
.
.
Meningiomas
Sarcoma ..
.
.
Extradural haematoma . .
Aneuryam (4-7 by 3-5 cm.)
Abscess . .
.
.
Thalamic mass.
Pineal mass ..1
Parieto-occipital mass ..
Parietal mass.
.
Diffuse uptake L. hemisphere
1
Total .50

Scan
Sca
22

11

8
1
1

2nd
Sca

Total

2
1

24
12

3

53

1
1
1

1
1

Astrocytomas
The classification recommended by Kernohan et al. (1949)
was adopted.
Nineteen of the 22 tumours were confirmed
histologically either at open operation, with biopsy, or by biopsy
via a burr-hole. Fourteen patients are known to be dead, but in
only three was necropsy permitted.
Of the three unconfirmed cases, two (Cases 4 and 5) almost
certainly belonged to grade IV and the last (Case 22) to grade I,
for the following reasons.
Case 4 was submitted to carotid angiography, when many
pathological vessels were shown in a region where the scan was
positive. These vessels were characteristic of, a rapidly growing
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Confirmation

Grade

Coallourn
Involved

Biopsy
Operation
Biopsy
No biopsy
No biopsy
Necropsy
Biopsy
Biopsy and
necropsy

Biopsy
Operation
Biopsy
Necropsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopsy
Biopby
Operation
Biopsy

Biopsy
No biopsy

Alive
Dead
Dead
Dead
Dead
Dead
Dead
Dead
Alive
?*

Alive
Dead
Dead
Dead
Dead
Alive
Dead
Dead
Alive
Dead
Alive
Alive

IV
IV
IV
?IV
?IV

III
III
III
III
III
III
III
III
III
III
III
III
III
II
II
II
?I

+
+

+
+
+

+

+

+

Patient lives in Malta. No answer to postal inquiry.

In the third unconfirmed case (No. 22) the patient was a
56-year-old woman with a history of epilepsy for eight years,
with very slow clinical deterioration. She is still alive and has
little disability. Since the disability was slight, neither diagnostic biopsy nor more radical surgery was considered to be
justified. It is interesting to note that in this case both carotid
angiography and pneumoencephalography showed no signs of
a mass-thus scanning was the only radiological examination
which revealed the tumour. Some scepticism was expressed
initially about the veracity of the findings, but the scan was
still very positive three days later. Three months later a
second isotope injection was made and the scan was identical
As the clinical progress was so slow a provisional classification
of grade I astrocytoma was made. (Figs. 5 and 6.)
Two other cases (Nos. 66 and 100) should be added to this
group in the light of their subsequent progress. Case 66 had
a negative scan initially, but three months later had a strongly
positive scan. There was good clinical evidence for believing
that the lesion was a rapidly growing astrocytoma, but
necropsy was not allowed. The case history is recorded under
the False-negative Group (Table VI). The progress of Case 100
was not dissimilar.
This man had an equivocal scan at the
first examination and seven months later it became positive, and
biopsy at that time revealed a grade III astrocytoma. This case
is described in greater detail under the Equivocal Group
(Table IX).
Metastases

The scan was positive in 11 cases where metastases were
suspected (Table IV). Nine of the 11 were known to have
primary carcinomas of the bronchus and one had had a carcinoma of the breast removed four years previously.
In the
remaining case the primary site was unknown ; the histological
description at biopsy was " papillary-columnar carcinoma."
Scanning showed three masses in the brain in two cases, two
in three cases, and solitary masses in the remaining six.
Necropsy was performed in only one case (No. 31); the three
metastases shown on scanning were all confirmed.
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the appearances of the normal. There are certain areas of the
brain scan which always appear relatively darker than others.
The higher the uptake of isotope the greater the darkening of
the film. These normal dark areas are: (1) a ring or "halo"
shadow in the lateral view within the periphery of the skull
vault, probably due to the activity of the blood in the sagittal
sinus and in that part of the scalp tangential to the scan;
(2) dark areas over the paranasal and mastoid air-cells; and
(3) a dark zone over the suboccipital muscle groups. Thus for
a peripheral shadow to be regarded as pathological it must be
perceptibly-darker than the rest of the halo, whereas a slight
increase in darkening in the usually relatively " empty " space
centrally must arouse suspicion, even though this may be no
darker than the halo itself (Special Plate, Figs. 1 and 2).
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nosed.

TABLE IV.-Metastases
Case No.

Primary Site

No. of Masses

23
24
25
26
27

Bronchus
,,
,,1
,,
,
,,
,,
Breast
Unknown (biopsy, adenocarcinoma)

2
2
3
1
1
1
2
3*
1
1

28
29
30
31
32
33

12 December showed an increased take-up in the left parietal
region. On 16 December he was discharged with a provisional
diagnosis of a left-hemisphere mass. By March 1964 he was much
improved, the papilloedema had disappeared, the left sixth-nerve
palsy was no longer present, and rescanning on 19 March was quite
negative.
on

Necropsy confirmed.

Meningiomas
Eight meningiomas were revealed by scanning. Seven were
new cases and the last (Case 41) had a recurrent tumour. The
tumours were situated in the following positions: (1) frontal
pole, bilateral involving falx:; (2) left subfrontal, supraorbital;
(3) convexity (three cases) ; (4) sphenoidal ridge; (5) parietal
parasagittal, involving falx (recurrent tumour). All were removed surgically and confirmed histologically, except for the
recurrent tumour, where the diagnosis was hardly in doubt.

case

(No. 50) with

a

positive

scan was

also undiag-

Case 50.-A woman aged 60 was admitted to a hospital on
19 November 1963 in a grossly confused state. She had been
perfectly well early in the day. On examination there was a slight
weakness of the right arm and a right hemianopia. The right
plantar response was extensor. E.E.G. showed a left fronto-temporal
focus, and left carotid angiography confirmed the presence of a mass
in this situation, though no pathological vessels were seen. On
6 December (17 days later) the patient was admitted to the National
Hospital, Queen Square. The right-sided weakness had diminished,
but the hemianopia persisted. Scanning showed a slight diffuse
increased uptake in the left hemisphere, but without any sharp
localization. Conservative treatment was adopted and she improved.
Follow-up examination on 24 April 1964 revealed no abnormal
physical signs and her memory had improved. The nature of the
intracranial pathology thus remains obscure. The provisional
diagnosis made was resolving intracerebral haematoma.

Negative Scans
These may be divided into (a) false negatives, (b) probable
true negatives, and (c) cases still under review and follow-up.

False Negatives
As a result of other radiological investigations, surgical exploration, or necropsy, 15 false negatives came to light. The
Four
in this group (Table V).
nine
There
investigatory findings are listed in Table VI, blank spaces indiof confirmed different pathology were revealed-a meningocating that no investigation was undertaken. It will be seen
by
a
(4.7
aneurysm
large
haematoma,
extradural
sarcoma, an
Cases 59, 60, 62, 63, and 64 showed plain x-ray changes.
that
3.5 cm.), and an abscess.
Cases 59 and 60 showed calcified masses, one in the left and
the other in the right parietal lobe. These patients were being
TABLE V.-Miscellaneous Positives
investigated for epilepsy. All the contrast radiological investiCase
gations, including the scan, were negative. There was little
Site
Pathology
No.
doubt that the calcium lay in a low-grade astrocytoma in each
Operation
L. cerebello-pontine angle
42 Meningosarcoma
case. It is a common experience to find that neither the ventricuOperation
R. convexity
43 Extradural haematoma
Angiography
44 Aneurysm (4 7 by 3-5 cm.) R. middle fossa
lar nor the arterial system is displaced by such tumours in the
Drained
R. temporal
45 Abscess
early stage of their natural history.
~~~~~~~~~~~~~~~~~~~~~~I
I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Miscellaneous Positives
were

46
47
48
49
50

No pathology
9.9
3.

,.

,.
,.1

masses

cases

..

..
..

R. thalamus and brain-stem
? Pineal tumour
R. parieto-occipital
L. parietal
L. hemisphere

None
,,5

3,,1,

TABLE VI.-False Negatives

,,

0

Of the five remaining cases, the thalamic mass (Case 46) shown
by scan and pneumography was probably an astrocytoma. The
patient was treated by Torkildsen's short-circuiting procedure,
biopsy not being attempted. Case 47 showed a mass in the
region of the pineal which was similarly demonstrated and
treated. The " parieto-occipital mass " (Case 48) was not investigated by pneumography or angiography, though there was
an abnormal E.E.G. record at the appropriate site. The patient,
a man aged 64, died about three months later, but necropsy
was not permitted. The fourth patient (Case 49), listed as a
" parietal mass," is still alive and in fact considerably improved.
The history was as follows.
Case 49.-A man aged 19 fell down unconscious on the kitchen
floor

on

28 October 1963.

was no incontinence, tongueHe was drowsy for about a week

There

biting, or frothing at the mouth.
and complained of double vision and headache. Examination
revealed papilloedema and a left sixth-nerve palsy. The clinical
impression was (a) colloid cyst of the paraphysis or (b) midline
posterior-fossa tumour. E.E.G. showed a left fronto-temporal focus.
Skull x-ray films were normal. Neuro-otological tests suggested a
lesion low down in the left brain-stem. Left carotid angiography
suggested a left frontal mass. Pneumoencephalography showed the
septum lucidum to be 2 mm. to the right of the midline, and
ultrasound showed a minimal displacement to the right. Scanning

Case

Pathology

No.

Site

E
-a

51
52
53
54

55
56
57

58
59

60
61
62

63
64
65
66
67

Meningioma
Meningioma
Metastasis
(from bronchus)
Metastasis
(from breast)
Astrocytoma,
grade III
Astrocytoma,
grade III
Astrocytoma,
grade II
Astrocytoma,
grade I
?Astrocytoma,
grade I
?Astrocytoma,
grade I
Colloid cyst
Chromophobe

R. parietal
Orbit (15

+

+

Diagnosed

at necropsy.

+

+.
+

+
+

+

+
+

foramen

DXR

+

I~~~

*

+

+

Pituitary

Pituitary
Craniopharyngioma Suprasellar
Suprasellar
Suprasellar mass
L. parietal
?Astrocytoma
L. temporal
?Astrocytoma
adenoma

tt,

0

o.

cm.

diam.)
L. parietal
Orbit
L. frontal
Biparietal and
corpus callosum
L. temporal
L. frontal
L. parietal
R. parietal
Intraventricular

adenoma

Chromophobe

ci

+
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A twelfth case (No. 90, Table VII) had a known carcinoma
of the bladder with cerebral secondaries which were successfully
treated by radiotherapy. A scan at this stage was negative (see
below). Signs of cerebral secondaries recurred about three
months later and the scan at this time was positive.
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were associated with confusion.
For three months his wife had
noticed that he had been apathetic and irritable and had complained
of headaches. On examination there was an expressive and receptive dysphasia but no abnormal physical signs. Plain x-ray films
and ultrasound revealed no abnormality. Left carotid angiography
on 16 October showed the presence of a left temporal mass, but no
pathological vessels. A small aneurysm was present at the first
bifurcation of the middle cerebral artery. This suggested that the
space-occupying mass might be a haematoma. Ventriculography on
21 October was unhelpful and was thought to be normal. On 30
October a scan was performed and was negative. It was decided to
treat the patient conservatively. If the lesion was an intracerebral
haematoma- his condition would probably improve, if a neoplasm it
would deteriorate. In the event, fairly rapid deterioration took place,
and on 9 January 1964 a second scan was undertaken. This was
grossly positive and showed a large lesion in the left temporoparietal region. No other investigations were repeated. The clinical
picture was that of a rapidly growing astrocytoma, and the patient
died less than four weeks later, on 5 February. Necropsy was
refused. A provisional diagnosis of astrocytoma, grade 4, was
made.

A seventeenth patient (Case 67) died without necropsy and
there were good clinical grounds for believing that she
harboured an astrocytoma, though no proof was forthcoming
in life. Not only was the scan negative, but so also was
pneumography and angiography. Thus if a tumour was present,
it was a failure of all radiological methods.

Probable True Negatives
There

are

reasonable grounds for believing that 23

stages of growth sometimes cannot be demonstrated by any

radiographic

means.

In Cases 80-89 it was assumed that no tumour was present:
the variety of diagnoses on discharge from hospital is shown in
Table VII. Case 89 had one attack of epilepsy and subsequently
developed alcoholic cirrhosis (the patient was a publican); he
had no further epileptic attacks.
Case 90 has already been alluded to under Metastases. The
patient was a man aged 74 with a known carcinoma of the
bladder. He developed signs and symptoms suggesting cerebral
metastases. A right carotid angiogram showed evidence of a
right-hemisphere mass. Radiotherapy was applied to the brain
and dramatic improvement occurred. He lost his hemiplegia
and improved a great deal mentally. At this stage a scan was
undertaken and was negative. Some three months later the
cerebral signs and symptoms recurred and a repeat scan showed
evidence of a mass in the right parieto-occipital region, presumably indicating a recurrence of a metastasis.

Possible False Negatives
There were four cases with negative scans yet to be accounted
for (Table VIII). They are under careful review and are being
followed in the out-patient department. One of the four (Case
91) suffers from epilepsy of late onset but has not been submitted to contrast radiography, which is considered unjustified
clinically at that stage. The summarized case records of the
remaining three patients are as follows.
TABLE VIII.-Possible False Negatives

CNose

Diagnosis

Histology

Remarks

91
92
93
94

Epilepsy-late onset
? R. temporal mass
? R. hemisphere lesion
? Epilepsy

Nil
Nil
Nil
Nil

No contrast radiology
Positive angiogram-getting better
Pneumography and angiographyslight shift to left
Left carotid-N.A.D. Pneumography
-N.A.D. C.S.F. protein 80 mg./
100 ml.

scans

negatives as listed in Table VII, and the real figure
may be even higher.
Cases 68-72 were shown by pneumography to have unequivocal cerebral atrophy and Case 73 was
shown by angiography to have an occlusion of one internal
carotid artery in the neck.
Cases 74-79 were epileptics of late onset, and all radiological
investigations were negative. Cases 74-77 were submitted to
both pneumography and angiography besides scanning, while
in Cases 78 and 79 pneumography was performed but angio-
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were true

graphy

was not undertaken.
It was assumed that no tumour
was present in any of these six cases, but this is by no means a
certainty, as experience has shown that tumours in their

early

TABLE
Case No.

68

VII.-Probable True Negatives

Diagnosis

on

Scan

Discharge

Cerebral atrophy

Pneumography

69

+

70

+
+

72

73

Internal carotid occlusion

74

Epilepsy

+

-

+

of late onset

,,i

-

76
78

79
80

81
82

83

Choroiditid

Headaches
Homer's syndrome
Spastic paraplegia,

aetiology 24

_
_
unknown

years

84

Migraine 40

85
66
87
88
89

Depression
Acute confusional
No disease
Senile dementia

90

graphy

+

71

75

Angio.

years

state.

Alcoholic cirrhosis

Temporarily cured metastasis
from carcinoma of bladder

_
_

Case 92.-A man aged 27 had suffered from left-sided focal

epilepsy for a few months. He had been unconscious and had bitten

his tongue. There was no speech defect and clinical examination
revealed no abnormal physical signs. Plain x-ray examination on
10 June 1963 was negative. E.E.G. showed a right temporal lesion
which was thought to indicate local atrophy. A right carotid arteriogram on 21 June showed the presence of a right temporo-parietal
mass which contained pathological vessels. The scan was carried
out on 27 June and was negative. The lumbar C.S.F. contained
95 mg. of protein; pneumography was not undertaken. On the
evidence available a confident diagnosis of malignant astrocytoma
was made, conservative treatment was instituted, and the patient was
watched carefully. The papilloedema subsided, and when last seen
at the end of June 1964 he was pretty well.
Case 93.-A married woman aged 31 had had two epileptic fits
with tongue-biting in the two months before admission. On examination there were no physical signs. Plain x-ray examination showed
the calcified pineal gland to be deviated 0.5 cm. to the left of the
midline; ultrasonic examination also showed a deviation of the
midline structures to the left. An E.E.G. showed a mild disturbance
in the right temporal region, but it was thought not to be due to a
tumour. Right carotid angiography showed a slight but definite
shift of the anterior cerebral artery to the left of the midline, but
there were no localizing features. Air encephalography showed a
similar shift of the septum lucidum to the left of the midline, but
again no features localizing the lesion. Scanning was then undertaken and was negative. She was treated with anticonvulsant drugs
and was watched as an out-patient. Examination seven months
later, on 19 March 1964, showed no change in her condition. She
was still having occasional epileptic attacks, but they were mild and

infrequent.

Case 94.-A man aged 33 was admitted to hospital on 4
September 1963 with the following history. Six months before
admission he suddenly developed a peculiar sensation in his right
arm accompanied by a shooting pain into all five fingers. After
three weeks this cleared up. About two weeks before admission he
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The other three cases (Nos. 62, 63, 64) showed the typical
sellar changes associated with pituitary adenomas and craniopharyngiomas.
A sixteenth patient (Case 66) had a negative scan initially,
but a second scan three months later was positive.
Case 66.-A man aged 58 was admitted to hospital on 16 October
1963 on account of three grand-mal seizures that morning; they
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Equivocal Scans
In six of the 100 scans (Cases 95-100) a suspiicious zone was
observed on the scan, but the differentiation was,so poor that a
positive diagnosis could not be made. Table I X shows that a
lesion was found in Cases 95, 96, and 97 at e ither operation
or necropsy. The diagnosis in Cases 98 and ' 9 remains u
su
known; the patients are being carefully observec
of Case 100 follows.

99tr operations

TAaLE IX.-Equivocal Signs
Case
No.

--

95

96
97
98

99
* 100

Pathology

Site

Suprasellar
L. parietal
Multiple
R. parietal
R. occipital
L. temporo-parietal

Result

Chromophobe adenoma Opebrationconfirmed
Small angioma
Nec:ropsy confirmed
Small infarcts
Con servative treatment
? Intracerebral
haematoma
? astrocytoma
?

?

* Repeat scan seven months later showed definite take-up of isotope in
region-biopsy showed astrocytoma (see text).

suspected

Case 100.-A man aged 49 had an equivocal scan at the first
examination ; the appearances suggested the pre,sence of a leftposterior temporal mass. A left carotid arteriogram was also
equivocal, but there was suspicious evidence of a lesion in the same
position. Pneumography was not undertaken and he was sent home
to be watched carefully. He returned to hospital after seven months,
having deteriorated in the interval. Skull x-ray films now showed
gross pressure atrophy of the sella (the findings had been normal
seven months previously). A second scan showed a definite lesion
at the site previously suspected, and a left carotid angiogram further
confirmed the presence of a posterior temporal mass. Biopsy
revealed a grade III astrocytoma.

Discussion
The accuracy of all the findings could not be assessed without
being able to examine each brain at or very close to the time
of the scan. However, there seems no doubt that of the 53
cases which ultimately gave positive scans (50 immediately and
3 more at follow-up) all but two were unequivocal. In cases
where histological confirmation was not available there was very
strong clinical and radiological evidence of the presence of a
mass. The diagnosis remains uncertain in two patients (Cases
49 and 50) whose case records have been summarized above.
But the evidence was fairly convincing that they both harboured
lesions, and they are now both recovering spontaneously. Thus
it seems reasonably certain that there have been no false-positive
scans. This is of very great importance in assessing the value
of the method.
There were 17 false-negative scans (Cases 51-67); all the
patients harboured tumours. There are a further four cases
still sub judice. The six equivocal scans are rather more difficult to classify, but were negative in the sense that no confident
diagnosis could be made. One of them had a strongly positive

scan several months later, and biopsy showed the presence of
a grade III astrocytoma.
There were 22 cases which were almost certainly truly negative (Table VII). Case 90 had a positive scan a few months later
but at the time of the initial scan there was good evidence that
the cerebral metastases were quiescent, as has been indicated
above.

Explanation of False Negatives
It has been shown by previous workers that masses of
less diameter than about 2 cm. seldom register on the photo-

scan. This could well explain some of the 17 false
negatives listed in Table VI. Thus, for example, Case 52
had an orbital meningioma removed, the diameter of which
was only 1.5 cm. Case 54 had a presumed metastasis
in the orbit from a primary breast tumour ; there were
multiple known metastases elsewhere in the body, and it
is quite likely that there was a tumour in the orbit of a diameter
less than 2 cm, Case 53 was a man aged 50 who presented
clinically with a left fronto-parietal space-occupying mass. The
possibility of a metastasis was considered, but no primary site
was found during life. An air encephalogram showed a very
slight depression of the roof of the left lateral ventricle consistent with a mass high up in the fronto-parietal region. Scan
examination was negative. The patient died about three months
later, and at necropsy a carcinoma of the bronchus with multiple
metastases was found, together with two obvious masses in the
cerebral hemispheres which were also metastases. Figure 3
(Special Plate) illustrates the metastasis shown at air encephalography but not revealed on scanning. At necropsy the
diameter of the metastasis was a little over 2 cm. and it may
well be that at the time of the scan examination some three
months previously it was less than 2 cm.
There was one colloid cyst of the paraphysis (Case 61). These
cysts probably never attain a diameter quite as great as 2 cm.
One would therefore expect the scan to be negative even if such
cysts should take up the isotope, and it has not yet been shown
that they do.
False-negative scans resulting from small tumour-sizesometimes coupled with a deep situation (as in the case of
midline tumours)-have been the subject of much study. As
a result of this, equipment of much greater sensitivity and
discrimination than is now available is being developed. When
this comes into general use the number of false negatives due
to small tumour-size should be very greatly reduced, though
there will always, presumably, remain tumours too small for
identification by any radiological means.
Other reasons than size must be sought for the failure of
the scan in the remaining cases listed in Table VI. The experience of others has shown that pituitary tumours very seldom
give a positive scan. It is also well known that astrocytomas
of a low-grade malignancy very seldom give a positive scan.
However, positive scans would have been expected in Case 51, a
quite large right parietal meningioma, and in Cases 55 and 56,
both grade III astrocytomas. But again it is also the experience
of others that these tumours do not always take up the isotope.
It is said that posterior-fossa masses are difficult to demonstrate by scanning on account of the high take-up both by the
mastoid cells and by the suboccipital muscles, which potentially
mask any underlying lesion. In the first 100 cases there were
only two positives in the posterior fossa-a metastasis and a
meningosarcoma. The latter lay in the cerebello-pontine angle
and simulated an acoustic neuroma clinically. There were no
false-negative posterior-fossa scans.
Mode of Uptake of Isotope

The means by which tumours and other lesions such as
abscesses, haematomas, and cysts selectively absorb isotopes is
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had a tingling sensation in his right leg and a recurrence of a
shooting pain down the right arm. The right side cof his body then
felt heavy and the next day he noticed that his right hand was weak.
Examination showed a slight right facial weaknescs of the uppermotor-neurone type. The reflexes were slightly i]ncreased on the
right side and the right plantar response was ex tensor. E.E.G.
showed a mild disturbance in the left frontal reg)ion. Scanning
examination was negative. Left carotid angiogrraphy was also
negative. At pneumoencephalography air failedI to enter the
ventricular system and only entered the basal cisterns, which
appeared normal. When air fails to enter the venttricles the possibility of the presence of a space-occupying mass aIways has to be
considered. There was 80 mg. of protein per 100 mil. in the lumbar
C.S.F. The patient was discharged on 19 Septemr mer. At the last
follow-up examination (1 May 1964) he was sympttom-free and the
abnormal physical signs had disappeared. It was concluded that
he had suffered from some vascular lesion.
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FIG. 1

FIG. 2

FIG. 4

FIG. 1.-Normal lateral scan: note that uptake is not uniform.
See text for explanation.

FIG. 2.-Normal frontal scan.
FIG. 3.-Bronchial metastasis just above roof of lateral
ventricle. The scan was undertaken three months previously
and was negative. Case 53. (Reproduced by courtesy of Dr.

Henry Urich.)

FIG. 4.-Left lateral scan on out-patient. At operation a subfrontal meningioma was removed. Case 36.
FIG. 5.-Right lateral scan. Case 22. See also Fig. 6.

FIG. 5
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FIG. 3
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FIG. 6.-Supine scan (same patient (Case 22) as in Fig. 5).
Angiography and pneumography were negative. Presumed

diagnosis (no histology)-astrocytoma.

8

FIG. 7.-Supine scan pathognomonic of corpus-callosum
astrocytoma. Case 8.
FIG. 8.-Necropsy specimen, same case as in Fig. 7. (Reproduced by courtesy of Dr. William McMenemey.)
FIG. 9.-Midline sagittal diagram (normal).
FIG. 10.-Bifrontal meningioma-supine scan. Case 34.
FIG. 11.-Same case as in Fig. 10. Lateral scan.
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Lack of Morbidity
One great advantage that scanning offers is its lack of morbidity, pain, or trauma. Thus it is a very suitable investigation
to carry out on out-patients, as the following case history

illustrates.

Case 36.-A woman aged 54 first attended the out-patient depart30 April 1963. She gave a history of attacks of confusion
and using the wrong words over a period of 18 months. Her only
other complaint was of poor sense of smell for the last two years.
Examination confirmed the presence of anosmia. There were no
other physical signs. X-ray films of the skull and chest were normal,
but an E.E.G. showed some fast activity in the left fronto-parietal
region. This picture was thought to be very suggestive of a
meningioma. Re-examination on 5 June showed that her sense of
smell had returned and there were no abnormal signs. On 12
August the E.E.G. was repeated; the same abnormality was
recorded, but it was more pronounced. On 23 August a scan was
undertaken. There was a high concentration in the left subfrontal
region. The topography was consistent with a meningioma of the
left orbital roof (Special Plate, Fig. 4). Left carotid angiography
and pneumography confirmed the presence and size, shape, and
position of the mass. At operation the tumour had a volume of
25 c.cm. and the histological appearances were typical of a
meningioma. The patient was last seen on 1 April 1964, when she
was doing very well.
This case also illustrates the point that isotope encephalography should be carried out before the potentially traumatic
procedures of angiography and pneumography. Plain x-ray
films, E.E.G., ultrasound, and isotope scanning can all be performed on out-patients, and the information necessary for
definitive treatment is given by these four investigations alone in
ment on

number of cases.
It has been pointed out that scanning sometimes fails when
angiography and/or pneumography are positive. Occasionally
all radiological contrast methods fail (see Table VI, Cases 59
and 60). Both cases had calcified masses present in the parietal
lobe; they were almost certainly benign astrocytomas. Not only
were the scans negative, but so also were the angiographic and
pneumographic examinations. Conversely, both angiography
and pneumography occasionally give negative results while
a

C

scanning gives an unequivocal positive result,
following cases illustrate.

as

479
the two

Case 22.-A 56-year-old woman had a history of epilepsy for
eight years with very slow clinical deterioration. The scan (Special
Plate, Figs. 5 and 6) showed a definite lesion in the right posterior
frontal region, and a repeat scan examination made three months
later was identical. Both angiography and pneumography were
quite negative. There can be virtually no doubt that the patient
is suffering from an astrocytoma, originally of low-grade
malignancy.
Case 8.-A man aged 45 with a long history of schizophrenia had
recently developed headaches, and examination revealed bilateral
papilloedema but no other physical signs. Bilateral carotid and one
vertebral angiogram failed to reveal a definite lesion. A ventriculogram was also performed, and again no definite deformity could be
demonstrated. The lateral scan showed a right posterior frontal
mass and the antero-posterior scan confirmed the presence of this
mass but also showed an isthmus crossing the midline, leading to
another smaller mass in the left frontal region, the so-called butterfly distribution (Special Plate, Fig. 7). These appearances are
pathognomonic of a corpus-callosum astrocytoma. The findings
were confirmed at necropsy one month later (Special Plate, Fig. 8).

Prediction of Pathology by Scanning
In the past scanning has been used mainly to show the
presence of a mass. By studying its topography and contour
it is sometimes possible to predict the pathological nature of the
tumour. The anatomical landmarks which are useful in helping
to determine the morbid anatomical nature of the mass are
(1) the convexity dura, (2) the faix cerebri, (3) the tentorium
cerebelli, and (4) the corpus callosum. It is necessary to have
a mental picture of the falx and corpus callosum (Special Plate,
Fig. 9) when interpreting the scan. Generally speaking, only
falx and some basal meningiomas and astrocytomas (the latter
involving the corpus callosum) transgress the midline. Thus if
a mass at the frontal pole crosses the midline it must be a
meningioma (Special Plate, Figs. 10 and 11). On the other
hand, if the mass is seen in the lateral view anywhere between
the position of the genu and splenium of the corpus callosum,
and in the antero-posterior view an isthmus is seen crossing the
midline, it must be an astrocytoma of the corpus callosum
(Special Plate, Fig. 7). Lastly, the presence of multiple masses
nearly always indicates metastases, although very occasionally

meningiomas are multiple.
By studying these various features it has very often been
possible to predict the pathological nature of three common
tumour types: (a) meningiomas, (b) astrocytomas, and
(c)

metastases.

With regard

malignant

to astrocytomas, it is well known that the more
tumours of this type tend to invade the corpus

callosum and infiltrate into the opposite hemisphere. In 1957
Bull and Rovit studied 100 cases of astrocytoma, all confirmed
at necropsy, with the object of assessing the accuracy of
pneumography and angiography in defining the position and
extent of the tumours. One-third of all the cases studied
showed involvement of the corpus callosum at necropsy. In the
series 8 out of 22 (36%) showed this feature on the scan.
Necropsies were performed in three of the eight cases and all
showed infiltration of the corpus callosum.
The diagnosis of corpus-callosum involvement is notoriously
difficult by means of pneumography or angiography; scanning
is often the only means of making a specific pre-operative
diagnosis.

Most cerebral metastases are derived from the bronchus
(Table IV), as were 9 of the 11 cases in the present series. If
the primary lesion is detected and only one mass is seen in the
brain scan, a presumptive diagnosis can be made. However,
the primary lesion is often not demonstrable, and then the
diagnosis can be made with any confidence only if multiple
masses are demonstrated.

In this series more than one mass
was shown in 5 out of 11 cases (Table IV). One has the
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still poorly understood. There seems little doubt that vascularity plays a part. Most meningiomas and most malignant
astrocytomas are highly vascular and take up isotopes readily,
while the more benign astrocytomas are relatively avascular.
The avidity of some cysts for the isotope is not understood,
and in one patient (Case 21, Table III) with an astrocytomatous
cyst the uptake was extremely high. Professor J. M. Cumings
reported that the cystic fluid was related to a grade II astrocytoma-in other words, a benign type.
Some authorities maintain that isotopes with small molecules,
such as chlormerodrin, enter the cells of tumours. Those
isotopes with large molecules such as radio-iodinated serum
albumin or polyvinyl pyrrolidone are said to remain extracellular. It seems clear that more fundamental research is necessary
to resolve this important problem.
The capacity of a tumour to take up an isotope was well
shown by Millikan and Sayre (1964). The patient was a 70year-old woman with a five-months history rather suggestive of
a mass in the left hemisphere. Two days before death 500 juc.
of radio-iodinated polyvinyl pyrrolidone was injected intravenously. A brain scan was scheduled 48 hours later, but the
patient died in the meantime. However, the pathologist sent
the exposed brain for scanning. A high take-up of isotope was
recorded in the posterior parietal region. Subsequently, radioactivity was estimated quantitatively in the various parts of the
brain. The count per gramme of tumour, which was a grade
IV astrocytoma, was 271 times that of normal brain. The count
of the oedematous tissue immediately adjacent to the tumour
was no more than that of normal brain.
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false-that is, these patients harboured tumours not demonstrated by the method. The causes of the false negatives are
discussed and their reduced number in the future is
foreshadowed.
There were five equivocal scans. These showed some
departure from the normal, but the appearances were not
sufficiently clear-cut for definite diagnosis.
Since a positive scan always denotes a lesion and the scanning
process is painless and free from risk, it seems that, ideally, this
investigation should be made before angiography and/or
pneumography. But a negative scan in the face of positive
clinical evidence of a mass always requires further investigation.
The method is particularly valuable in the investigation of
out-patients and of patients whose clinical picture hardly
justifies submission to the more traumatic procedures which
also carry some morbidity.
Scanning has been a great help in the diagnosis of metastases,
because the older-established neuroradiological procedures tend
to show only the larger ones. The results in these cases suggest
that secondary deposits in the brain are more often multiple
than was previously suggested by classical neuroradiological
investigation, although well known by pathologists.
Location of brain turnours by modern scanning techniques
is accurate. In some cases the contour and topography allow a
precise pathological diagnosis to be made. Unfortunately this
is by no means always so, but it is hoped that still greater
accuracy will be achieved by refining the technique.
Isotope encephalography has clearly earned its place alongside
other neuroradiological contrast methods of investigation.
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The application of newer methods to the detection of
vitamin B12 and folic-acid deficiencies has clarified many problems in patients with megaloblastic anaemia, and we have a
clearer understanding of these problems than was the case
10 years ago. The situation is less satisfactory, however, in
megaloblastic anaemia in pregnancy. Diagnostic criteria are
uncertain and the apparent incidence varies in different hospiMedical Research Council Experimental Haematology Research Unit
and Department of Haematology, Wright-Fleming Institute of Microbiology, St. Mary's Hospital Medical School, London.
t Department of Obstetrics and Gynaecology, St. Mary's Hospital Medical School, London.

*

tals, from being so low that the condition is regarded as a rarity
(Clark, 1952) to being so common that it is diagnosed in 1
in 25 of all pregnant subjects (Hourihane, Coyle, and Drury,
1960). Divergent views have been expressed about the value
of the newer tests for folic-acid deficiency (Chanarin, Rothman,
and Watson-Williams, 1963 ; Hibbard and Hibbard, 1963 ; Ball
and Giles, 1964 ; Hansen, 1964), and there is disagreement
both about the wisdom of folic-acid supplements in pregnancy
(Varadi, 1964; Forshaw, Moorhouse, and Harwood, 1964) and
about how large this supplement should be.
The purpose of this paper is to report some of the results
of a clinical trial in pregnancy wherein normal pregnant women
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impression that multiple metastases are more readily shown by
scanning than by pneumography or angiography. Single
metastases are often revealed by these latter methods, but second
or third ones are not often shown.
While it is possible to predict the pathology of a certain
number of lesions by studying the topography, this is by no
means always so. Planiol (1963) uses an entirely different
technique by means of which she is able to make a specific
diagnosis in a much higher percentage of cases. Her method
depends upon the change in count rate at fixed points on the
skull at intervals of 2, 24, and 48 hours after an intravenous
injection of radioiodinated human serum albumin. She has
shown that meningiomas take up the isotope early and metastases late, while the astrocytomas take it up at an intermediate
point in time. Since Planiol's method is based purely on count
figures, there is no topographical representation of the tumours.
Thus it is not possible by her technique to demonstrate, for
example, an astrocytoma invading the corpus callosum. However, in her series she was able to diagnose correctly 92% (175
out of 190) meningiomas, 93% (292 out of 315) glioblastomas,
56% (48 out of 85) astrocytomas (corresponding to our grade I
and grade II astrocytomas), and 90% (216 out of 240)
metastases.
The most reliable diagnosis of all in her series was related
to abscess, where the accuracy was 100% (18 out of 18). In our
single case the abscess was certainly very clearly defined
(Case 46).
It would seem that the best exploitation of the injected isotope
would be derived from a combination of photoscanning with
Planiol's technique. It is our intention to pursue this in the
near future.

Isotope

