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Non-invasive Investigations of the Brain

The investigation of intracranial disorders was transformed
over 50 years ago, when in 1918 Walter Dandy' introduced
air into the ventricular system through a burr hole and named
the procedure ventriculography. In the following year he
showed how air could be injected into the lumbar subarachnoid
space.2 In 1927 Egon Moniz3 introduced intracranial angio-
graphy. These advances revolutionized the accuracy of intra-
cranial diagnosis and made modern neurosurgery possible.
Though the dangers ofventriculography have been exaggerated
at times, the procedure cannot be considered desirable, for it
requires a minor operation and a physical disturbance by the
brain cannula and by air in the brain and the ventricular
system. Pneumoencephalography avoids the direct physical
trauma to the brain, but it may at times cause a deterioration
in the patient's condition, particularly in the presence of
unsuspected intracranial space-occupying lesions. Carotid
angiography, though not directly invasive, certainly causes
deterioration at times by increasing oedema round space-
occupying lesions, contributing to further haemorrhage from
vascular lesions, and probably by provoking or increasing
spasm of intracranial vessels.
The complexities and potential hazards of these invasive

techniques have led to a search for non-invasive methods,
which have, unfortunately, largely relied on increasingly
complex electronic and radionuclear techniques and which
have, therefore, become increasingly expensive.

In terms of capital outlay the primary non-invasive method
of intracranial investigation is still the skull radiograph, which
remains extremely valuable provided that high quality is
achieved. Indeed it is surprising to find that many hospitals,
while seeking complex and expensive contemporary apparatus,
still lack a basic skull unit. The displaced calcified pineal gland,
the changes of raised intracranial pressure in the absence of
papilloedema, abnormal intracranial calcification, localized
erosion or thickening of skull vault or base, and abnormal bony
vascular channels are radiological signs of great diagnostic
value obtained by a non-invasive technique with (by current
standards) low capital outlay.
With newer alternative methods of investigation the value

of the electroencephalogram (E.E.G.) must inevitably be
questioned. Unfortunately there has been a tendency for the
E.E.G. report to replace a thorough clinical history; yet the
diagnosis of epilepsy still depends primarily upon an accurate
history and, where possible, observation of the nature of an
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attack. In terms of localization of lesions the E.E.G. is of
limited value if practical management rather than gradual
academic diagnosis is the aim. Certainly in the absence of
clinical localizing or lateralizing features the E.E.G. may indi-
cate which ofthe more invasive techniques should be employed,
but with the newer non-invasive techniques its value in the
early diagnosis ofintracranial tumour will continue to diminish.
Ultrasound, another non-invasive and harmless technique, has
been of value mainly in the demonstration of midline shifts,
but its accuracy is limited and the correct identification of the
echoes is often difficult and subjective.

Before the development of computerized transverse axial
scanning ofthe brain (E.M.I. scan) the most important advance
in non-invasive techniques was brain scanning-the use of
radioactive labelled substances which showed an affinity for
abnormal intracranial tissues such as tumour, haematoma,
abscess, and infarction. In conjunction with the advances in
imaging devices, such as the rectilinear moving detector and
later the scintillation camera, brain scanning gave extremely
accurate localization of intracranial lesions, provided that the
labelled substance showed an affinity for the abnormal tissue,
that the lesion was greater than 2 cm in diameter, and that
its site was not obscured by radioactivity in normal tissues
such as the extracranial muscles. But because brain scanning
did not accurately indicate the nature of the lesion as opposed
to site, angiography was often used in addition; furthermore the
limitations of the technique inevitably led to some false
negative results.4 It did, however, allow neurosurgeons to
remove certain intracranial tumours without use of any of
the more disturbing procedures.

Studies ofcerebral blood flow or ofregional cerebral function
based on the Fick principle and using, for example, radioactive
xenon clearance are of considerable experimental value; but in
clinical work their value is by no means proved, with the
exception of the management of some ruptured intracranial
aneurysms and the selection of patients for carotid ligation or
intracranial surgery. The newer inhalation or intravenous
methods appear to provide reliable results in patients with
normal cerebral blood flow,5 6 but their reliability in abnormal
conditions is not yet proved.
The introduction of the E.M.I. scan in 1971 was a result of

work carried out during the 1960s by several partly independent
workers,7-10 and latterly by Hounsfield" and Ambrose.'2
Scanning the cranium in successive layers by a narrow beam
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of x-rays enables the transmission of the x-ray photons in each
layer to be measured. The readings form the basis of some
28 000 simultaneous equations, which are solved by a com-
puter and transformed into absorption coefficients and are
used to construct a picture of the internal structures of the
brain in terms of shape, size, and position. Alterations of
normal density reflect the pathological nature of the lesions,
so that the examination is both qualitative and quantitative.
The results are displayed for clinical use as a series of pictures
on a cathode ray tube, which are photographed by a Polaroid
camera. During the examination, which takes up to 25 minutes,
the patient is required to lie still for 41 minutes at a time during
each of the four or occasionally five scans.

Clearly the technique can be regarded as truly non-invasive.
Not only are the brain and cervical vessels totally undisturbed
by any physical or chemical insult, but also the x-ray dose of
each examination is no more than that of a skull radiograph.
The elimination of hazards of irradiation is in itself an impor-
tant advance, particularly in the light of uncertainties about
the long-term and particularly genetic hazards of so many
widely used methods of investigation.

In diagnostic terms the E.M.I. scan possesses at least two
enormous advantages over previous methods of investigation.
The first is the demonstration of normal structures such as the
ventricular system, cortical gyri and sulci, corpus striatum,
internal capsule, pineal body, choroid plexus, and basal
cisterns. Quite apart from the information gained from their
displacement by space-occupying lesions, the visualization
of these structures allows a totally non-invasive assessment of
intrinsic disorders such as cerebral atrophy and other degenera-
tive conditions. It has, therefore, become the intracranial
investigation of choice for dementias, which form a consider-
able part of neurological and psychiatric practice. Similarly
pictures of the ventricular system permit diagnosis of hydro-
cephalus, whether it be obstructive or communicating. In the
past pneumoencephalography or ventriculography were
necessary for the diagnosis of these conditions; these pro-
cedures might easily upset the delicate hydrodynamic balance
and precipitate surgical intervention.
The second great diagnostic advantage of the E.M.I. scan

lies in its accurate demonstration of intracranial space-
occupying lesions. In addition to the position of lesions,
their nature can be assessed with increasing accuracy; this
includes differentiation between benign and malignant
tumours, between solid and cystic masses, between tumour
and abscess, and between haemorrhage and infarction. "Stroke"
can be investigated initially without the potential hazards of
angiography in marginally hypertensive and atheromatous
patients; only if the E.M.I. scan shows the presence of a
haematoma or if there is subarachnoid bleeding will angio-
graphy be necessary. In the difficult diagnostic problems
frequently encountered in the management of acute head
injuries the differentiation between cerebral oedema and a
compressing haematoma may be life-saving, and it is more
easily and less harmfully achieved by the E.M.I. scan than
with any other method of investigation.

Clearly, then, the E.M.I. scan is now the most valuable and
entirely safe method of intracranial investigation. This in
itself justifies the considerable capital expenditure (now in the
region of £80 000 per unit to the N.H.S.) and explains the
already large number of E.M.I. scanners which are in use in
the U.S.A. and in Western Europe. Sadly such is not the
picture in the British National Health Service, where there are
still regional neurological and neurosurgical services in
which patients are being subjected to intracranial procedures
which are protracted, invasive, potentially harmful, and

diagnostically inferior to the E.M.I. scan. With the limited
financial resources available it seems that a striking advance in
technique has not in itself appeared to justify additional
expenditure or any revision of priorities in expenditure.
Fortunately the cost-effectiveness of the E.M.I. scanner is
becoming apparent, and Thompson13 has pointed out that
since its introduction in Bristol in midsummer 1974 the
requests for air encephalograms have been reduced by two-
thirds and for carotid angiograms and isotope scans by one-half,
a trend which appears to be continuing. In terms of running
costs of intracranial investigations this already represents a
considerable financial saving. With the fear of intracranial
investigation largely removed there is already an increase in
the number of patients referred for investigation, and unlike
so many technical advances in the past the increase is not
reflected in increased costs. To attempt to evaluate diagnostic
and therapeutic benefit and particularly elimination of hazard
for patients in financial terms remains one of the insoluble
dilemmas of modern medicine, but the benefits to patients of
the E.M.I. scanner are so overwhelming that the answer is
surely obvious.
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Risks and Uses of Total Hip
Replacement

The hip prostheses introduced in the 1960s are standing up
well to the test of time. Total hip replacement is proving not
only a rewarding but a reliable procedure. Experience of the
rates of wear of these artificial joints has been reassuring.
Measurement of the wear of the metal-to-metal bearings of
chrome-cobalt alloy found in the McKee-Farrar and Ring
prostheses has not been easy, but wear probably occurs at a
rate of less than 1 vm a year.1 Charnley, from his extensive
experience of metal-to-plastic bearings (stainless steel or
chrome-cobalt alloy on high-density polyethylene), has. re-
ported considerable variability, wear of the plastic acetabulum
being from nil in six years to 0 7 mm in three years, the average
being 0-13 mm a year.2 Though some have now been in use
for as long as ten years in none has the socket had to be
changed because of wear. These joints pose fascinating prob-
lems, many as yet unresolved, for engineers interested in
tribology, but clearly both metal-to-metal and metal-to-plastic
articulations derive benefit from lubrication by body fluids.3
Though wear rates have not proved a problem, the accumu-

lation ofwear debris from metal-to-metal prostheses has caused
concern. Grey staining may be seen around these hips, and
cobalt and chromium can be found in the tissues4 and in the
patient's blood and urine.5 The long-term effect of these
metals in the concentrations encountered needs further
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