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NEUROLOGICAL INVESTIGATIONS

Imaging the adult brain

Ivan Moseley

The techniques which form the neuroradiolo-
gist's armamentarium depend in one form or
another on transformation of energy waves;
with the exception of ultrasonography, those
of the electromagnetic spectrum. None of
these energy forms is free from potentially
noxious biological effects, and this is particu-
larly true of the socalled ionising radiations, x,
,B, and (5 waves. It is probably true that, as in
the case of new drugs vis-a-vis the formulary,
attempts to introduce x ray based techniques
as innovative procedures today might well fail.
It is therefore realistic to consider diagnostic
imaging procedures primarily in relation to
the energy source employed: x rays and other
ionising radiations, radiofrequency, and
sound waves.

Plain radiographs
The neuroradiologist's use of x ray techniques
has changed considerably over the past 20
years. "Radiographic" (x ray) procedures reg-
ister the differential absorption of a beam of x
rays by the various tissues of the body. They
differ greatly in the manner in which that reg-
istration is effected so as to preserve anatomical
relations and maximise clinically useful data,
while attempting to limit radiation exposure.
In the classical radiograph or "plain film" the
patient is simply placed between a source of x
rays and a film sensitive to radiation. Because
most of the unabsorbed radiation is emitted in
a straight line, anatomical relations are main-
tained and spatial distortion is minimal unless
the film is not orthogonal to the beam; most
modem radiographic tables ensure that obliq-
uity is avoided.
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Contrast media in plain radiography
Contrast media can be employed to increase
radiographic contrast between anatomical
structures, demonstrating some not normally
visible. They are usually introduced into pre-
existing body spaces, such as the alimentary
tract or subarachnoid space (for myelography
or cistemography) or into the vascular system,
where their flow within (in arteriography or

phlebography) or excretion from it (in urogra-

phy) can be followed with a suitably timed
series of x ray exposures, otherwise sinilar to
those when no contrast medium is used.

Computed tomography
In x ray tomography of all kinds, some motion
occurs between the three elements, x ray

tube-patient-film. In x ray computed tomog-
raphy (CT) the beam emerging from the
patient is registered not on a film but by an
array of radiation detectors, as the x ray tube
passes around the part being examined (in
this case, the head). A computer is used to
transform the intensity of the emergent beam
relative to the incident beam into measures of
x ray attenuation, to identify in two dimen-
sions the site of the tissue causing that attenu-
ation, and to construct a two dimensional
map of attenuation analogous to an anatomi-
cal section. The planes of section of the head
given by CT are effectively limited by the con-
struction of the gantry bearing the x ray tube
and detectors to axial and coronal planes.
Reformatted images in other planes can be
constructed by analysing the data from a
series of contiguous sections. One of the latest
developments in CT is "spiral", or more cor-
rectly "helical", scanning, in which the tube
rotates continuously around the head while
the patient is moved through the gantry. The
rapidly acquired, continuous sequence of
attenuation measurements can be "cut up"
into segments, corresponding to two dimen-
sional sections the thickness of which is deter-
mined by the operator. The merits of this
method are speed, which makes it more useful
for examination of children and uncooper-
ative adults, and greater spatial resolution in
images reconstructed in planes other than that
of acquisition.
The relative "attenuation coefficients" of

certain structures can also be modified by
contrast media, usually containing iodine,
introduced into the vascular system or sub-
arachnoid space. Other types of contrast
medium, such as inhaled stable xenon gas, are
rarely used in clinical practice.

Digital radiography
The third main method of registering x ray
attenuation data is by using a high speed cam-
era to scan a screen coated with a phosphor
that emits light when radiation falls upon it. If
the camera transforms the light energy into an
electronic signal, this can be digitised and a
computer employed to compare the results of
one scan of the phosphor screen with that of
those which precede or follow it. A digital to
analogue converter can then store and display
only the difference between two sets of attenu-
ation data-before and after arrival of contrast
medium, for example-in a format similar to
that of the original phosphor screen picture,
but with unwanted detail removed. This is the
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basis of digital subtraction techniques, used
particularly in angiography to produce images
in which only the blood vessels are displayed.
The major advantages of this technique are
that the detection system is much more sensi-
tive than plain film angiography to minor
changes in intensity of the emergent beam,
and that, because the data are stored on a
computer, they are amenable to interrogation
and postprocessing.

Radionuclide studies
The other techniques using ionising radiations
generally consist of the introduction into the
body of a radionuclide-namely, a source of
radiation, usually,B or 5 rays-and registration
of the radiation it emits with external detec-
tors. Originally, these detectors gave no spa-
tial information, but with the development of
scanning methods subsequently applied to
CT, and the gamma camera, a scintillation
detector similar to the phosphor screen device
referred to earlier, anatomical localisation
became possible, although spatial resolution is
inferior to that of most of the techniques
described. Modern techniques such as single
photon emission computed tomography
(SPECT) use a combination of scanning and
scintillation detection. Positron emission
tomography (PET), to be discussed in a later
article in this series, uses the same fundamen-
tal principles, but with some technical modifi-
cations.
The great potential merit of the radio-

nuclides used in these nuclear medicine studies
is that they can be attached to chemical com-
pounds which have a greater or lesser degree
of tissue specificity, and provide metabolic or
dynamic information.

Nuclear magnetic resonance methods
These exploit the behaviour of nuclei with
unpaired electrons (paramagnetic nuclei)
within the body in a strong magnetic field.
The basic principle is very simple: some of
these nuclei align themselves with that exter-
nal field and can be displaced by a pulse of
radiofrequency energy. The extra energy
imparted to the system is dissipated, also as
radiofrequency waves, once the radiofre-
quency pulse ceases and the nuclei return to
their previous position. The speed at which
the energy is given up, and thereby the
strength of the radiofrequency signal at any
given moment, depend on the biophysical
characteristics of the tissue in which the nuclei
(typically hydrogen protons in clinical imag-
ing) lie; the decay of energy release is expo-
nential, the curve being determined mainly by
two "relaxation time constants", Ti and T2.
For many biological tissues Ti is of the order
of 1000 ms and T2 75ims. The intensity of
the energy released from a given tissue
depends on the number of susceptible nuclei:
water has numerous mobile protons, whereas
dense bone has very few. As the frequency of
the radio signal emitted also depends on the
strength of the magnetic field, a "gradient"-

that is, a variation in strength of the field
across the region being examined-enables
localisation of the nuclei in one plane of
space. Thus by examining the intensity and
the rate of decay of a radiofrequency signal of
known frequency, a number of the characteris-
tics of the proton emitting it can be assessed.
Simple though the principle may be, the
electronic switching and computation re-
quired for three dimensional localisation and
tissue characterisation are exceedingly complex.
The characterisation can be refined by

modifying the way in which the nuclei are
excited, applying a "sequence" of radiofre-
quency pulses instead of simply one, and by
sampling the emitted signal after varying
delays. Consideration of how this is achieved
is beyond the scope of this article; suffice it to
say that most clinical MR images are maps of
water distribution, but that they can be modi-
fied to show mainly differences in T1 (T1
weighted images) or T2 (T2 weighted images)
of the tissues being studied. As a simple
guide, the TI weighted images give more
morphological data, whereas the T2 weighted
images provide more information about the
constitution of the tissues. A full MRI study
usually combines at least these types of image.
Some of the unsatisfactory diagnostic applica-
tions noted in the early days of MRI resulted
from the use of a limited number of
sequences, or sequences which did not pro-
vide sufficient contrast between normal and
pathological tissues. Intravascular contrast
media, mainly containing the paramagnetic
rare earth gadolinium, can be used, as with x
ray CT.

Flow imaging
Because electromagnetic waves travel at the
speed of light, techniques which employ them
are essentially instantaneous. Because in MRI
there is a finite delay between the application
of the excitatory radiofrequency pulse and
reception of the emitted magnetic resonance
signal, however, protons which are moving
through the tissue being imaged have different
properties from those which are macroscopi-
cally stationary. This enables the relative gross
movement in blood vessels and the CSF to be
characterised and imaged with specially
designed sequences.

Magnetic resonance angiography (MRA)
was first presaged in the imaging literature
almost a decade ago,' but has been available
in clinical practice and of a quality which
makes it a useful investigation for about three
years; image quality is still improving. A more
detailed account of the technique and its
applications will be found in a later article in
this series. In combination with MRI, clinical
application of MRA will bring about a major
change in the investigation of at least those
patients in whom information about the cervi-
cal or intracranial vessels is useful, but not
central to their management-for example,
patients with parasellar tumours. In the long
term, it may completely replace diagnostic
angiography.
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Imaging the adult brain

The present and future role of CSF imag-
ing is less unambiguous. A number of
research papers have been published concern-
ing motion and pulsatility of the intracranial
fluid in such puzzling conditions as normal
pressure hydrocephalus2 and benign intracra-
nial hypertension,3 but without as yet casting
any clear light on pathophysiology. One
reviewer4 identified other applications for
phase contrast MRI of CSF movement:
assessment of the functional significance of
drainage via extra-arachnoid structures or the
central canal of the spinal cord; investigating
why some arachnoid cysts enlarge; and char-
acterisation of obstructive hydrocephalus
"without having to introduce contrast agents
into the subarachnoid space"-a practice
which virtually disappeared with the introduc-
tion of CT! In another study, a fast field echo
technique, applied to determination of the
patency of ventricular shunts, was shown to
be fallible, despite which the authors claimed
that the technique "may be useful".5 The
future clinical utility and, indeed, adoption of
these applications are at present questionable.

Diffusion weighted MRI
Magnetic resonance imaging techniques can
be used to show other physical characteristics
of tissues. One method which has been devel-
oped over the past five years is diffusion
weighted imaging.6 Depending on the gradi-
ents used, the contrast in the images can
depend on magnetic susceptibility, perfusion,
and diffusion. To date the genuine clinical
applications of this technique have also not
been clarified, although research has been car-
ried out on brain myelination, stroke, and
some tumours.7

Magnetic resonance spectroscopy
The phenomena of nuclear magnetic reso-
nance were originally employed for in vitro
chemical analysis. In vivo analysis of body tis-
sues can be carried out with magnetic reso-
nance spectroscopy (MRS), which relies on
the same variation in the resonant frequency
of given nuclei due to their physicochemical
environment to create spectra which reflect
the concentration of chemical compounds
containing them. In the brain, spectra from
both hydrogen and phosphorus containing
compounds have been investigated; much
clinical research on proton spectroscopy is
currently oriented towards relative concentra-
tions of choline, creatine, n-acetyl aspartate,
and lactate in normal and pathological brain
tissues. Magnetic resonance spectroscopy is
not strictly an imaging technique, although it
employs essentially the same imager; it is
combined with MRI to localise the volume of
brain from which the spectrum is obtained.
Until recently, a major problem with clinical
applications of MRS has been the low signal
to noise ratio, which has entailed large vol-
umes of interest and long acquisition times.
Smaller volume spectra have, however,
shown, for example, that choline tends to be

increased in solid brain tumours, whereas ala-
nine concentration is high in meningiomas;
however, even though such information might
be useful in cases in which the imaging fea-
tures were otherwise inconclusive, spectro-
scopic results are by no means diagnostic.8
Wider application to cerebral metabolic dis-
ease is awaited.9

Unlike MRA, for which the major future
contribution to clinical neurology and neuro-
surgery seems unequivocal, these other tech-
niques are perhaps still in search of clinical
applications.

Sonography
An ultrasound probe contains a "transducer"
which emits 1-20 MHz sound waves and,
when they bounce back off the tissues, con-
verts the reflected energy into an electrical sig-
nal, which is analysed, usually to form an
image. Bone, however, is not a good medium
for transmission, so that current applications
of sonography to the brain are confined to
small children, in whom the fontanelles act as
"acoustic windows", patients with skull
defects (including intraoperatively'0), and
examination of the eye and the major arteries
in the neck. The major arteries will be consid-
ered in another article in this series.

The use and utility ofimaging procedures
An article in this journal in May 199411 con-
sidered the possibility and utility of "periodi-
cally updated reviews of all randomised
controlled trials relevant to neurology and
neurosurgery". Virtually none of the trials
referred to was primarily concerned with
imaging the brain, and the unfortunate truth
is that many clinicians appropriately guided
by controlled trials of treatment approach
imaging in what seems to their radiological
colleagues to be a decidedly aleatoric way,
guided by personal prejudices and what their
chiefs used to do rather than by the latest
audit on best practice. That radiologists are
also prone to promote procedures that they
enjoy ("cath time"' 2) and that far too many
radiological publications are uncritical in their
praise for recently developed procedures"3 is
unhelpful.
My intention is to review, very broadly, cat-

egories of disease, and to attempt to indicate
which imaging tests are the most likely to pro-
vide the information most appropriate for
management of the patient; in general, I shall
not dwell on how imaging research has clari-
fied disease processes. I shall not look at
patients likely to have cerebrovascular disease,
as this is the subject of another review in this
series. Neither shall I attempt to review all the
imaging literature of recent years. Regrettably,
in the countries from which the bulk of this
literature arises there are strong motives for
both promoting the use of medical facilities
and for publishing one's work, which may
explain the remarkable, and sometimes
lamentable absence of outcome studies. To
my knowledge, there is, for example, very
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little evidence that the outcome for patients
with even the "surgical" neurological
diseases (intracranial tumours, abscesses,
haematomas, etc) has been appreciably
improved by the most recent advances in
imaging, except where these are indissolubly
wedded to a surgical technique, as in image
guided stereotaxic surgery. Indeed, such stud-
ies as have been performed have produced
very disheartening results, showing no long
lasting improvement in the quality of our
patients' lives.'4
Outcome in this sense is, of course, not the

only measure. The great advantage of many
modem imaging methods is that the patient
endures far less unpleasant experiences, or
runs less risk, to achieve the outcome, albeit
identical. In this sense, CT represented a con-
siderable advance over its predecessors, not
necessarily improved on by progression to
MRI, with the notable exception of MRA.
Even short term outcome may not be affected
much. Thus in MRI studies of the brain in
patients with AIDS, there is no clear benefit
for the large majority if contrast medium is
given intravenously,'5 but some radiologists
would defend its routine use. "Some of us are
willing to pursue diagnostic accuracy with
imaging studies to greater lengths than others,
and each of us is likely to have some diseases to
which we are willing to devote more time than
others. This phenomenon [the "compulsive-
ness factor"], rooted in human nature, will
survive even the current rage for outcome
analysis".'6 One may counter this by observ-
ing that radiologists, like too many other doc-
tors, become so accustomed to sticking sharp
objects into their patients that they cease to
regard it as an assault. Were the doctor inject-
ing a patient to explain that his main motive
was diagnostic compulsiveness rather than
any expectation of altering management, he
might well expose himself to a charge of bat-
tery! 17
With the advent of CT about 20 years ago,

followed less than a decade later by MRI, the
range of methods by which neuroradiologists
make diagnoses and carry out follow up studies
has paradoxically decreased. Both these cross
sectional imaging techniques have led to a
very significant fall in the number of other
investigations performed, both plain radi-
ographic and invasive, something which did
not occur with the introduction of radionu-
clide examinations into neuroradiology in the
years preceding the introduction of CT.'8 We
are still going through the phase, familiar to
radiologists, in which patients are submitted
to multiple tests which yield essentially the
same information, as occurred with CT and
some of the older invasive investigations.-'
Thus many patients currently undergo both
CT and MRI when either (or even neither)
would suffice, but one may hope that this is a
temporary phenomenon.
The choices of imaging procedure(s) the

clinician has to make when confronted with a
given clinical problem were summarised by
the Royal College of Radiologists in a booklet
Making the best use of a department of clinical

radiology. Guidelines for doctors,'0 the second
edition of which appeared at the end of 1993.
Its recommendation was that every time
someone thinks of requesting an examination
they ask themselves "Do I need it?"; "Do I
need it now?"; "Has it been done already?";
"Have I explained the problem?"-that is, do
the radiographer and radiologist understand
what I need to know and why?; and "Is this
the best study?". The answers to several of
these questions are different in Britain in 1995
from what they might be in an ideal world.
Most neurologists and neurosurgeons
acknowledge that they are perforce tempered
by considerations of cost and availability, as
well as inconvenience and risk to the patient
(from radiation and other hazards), but they
should also be informed by the answers to the
implied questions "Is this test really likely to
have any impact on my management of this
patient? If not, will it nevertheless give data
which will genuinely help my understanding
of this disease and management of other
patients with similar problems?", and, one
might add "If so, does the patient who will
suffer the inconvenience and risk of this test-
a threat to life of 1 in 40 000 in contrast
enhanced CT studies, for example21-know
that?"

Head injuries
The controversy over the optimal imaging
approach to head injuries continues to bum
and, regrettably, the Royal College of
Radiologists' booklet only serves to fan the
flames. A major problem with rational man-
agement in Britain is that, more than in any
other group of potentially neurological
patients, the primary care of those with acute
head injuries is largely entrusted to inexpert
junior doctors who lack both the necessary
maturity of judgement and a clear knowledge
of the facts. The confusion over the relative
roles of plain radiography and other tests,
which in this context means essentially CT,
pervades the Royal College's recommenda-
tions. Complex non-invasive techniques
should not be employed to identify fractures
of the cranial vault in patients with significant
intracranial injuries. The presence of a linear
fracture itself is irrelevant to the patient's
management. It is often said that lawyers
place great emphasis on injuries having been
severe enough to cause a fracture; if this is so,
it should be the clinician's task to re-educate
them. If plain radiographs have any part to
play it is in the assessment of complex frac-
tures and, more debatably,22 in raising suspi-
cion of an underlying injury which may
require treatment. Thus the advice that a
patient "disorientated or worse . . . drunk/
difficult to assess [or having] stable focal neu-
rological signs" should have a skull radiograph
and be admitted for observation seems like
recourse to both belt and braces; that consul-
tation with the neurosurgeons be immediate if
the skull film shows a fracture but only after
12 hours if the patient fails to improve is ques-
tionable at best. Even more debatable is the
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Imaging the adult brain

suggestion that for a patient developing focal
signs or whose conscious level is deteriorating,
even for one whose pupil is dilating, pulse
slowing, and blood pressure rising CT or a
skull film is appropriate-as though the two
were equivalent! A nationwide survey in the
United States, reported in 1991, indicated
that skull radiographs were obtained for
trauma rarely or never in almost half of the
hospitals surveyed, and performed less often
in larger hospitals, with free access to CT, and
at the behest of neurologists or neuro-
surgeons.23
As indicated earlier, CT would at present

seem to be the primary investigation for
detecting the intracranial complications of
head injuries for several reasons: cheapness
and general availability, lack of the logistic
problems posed by carrying out MRI in emer-
gency situations with a patient on a ventilator,
etc, the ready detection of acute haemorrhage,
and the fact that the management and prog-
nostic relevance of the changes shown is
understood. Magnetic resonance imaging is
more sensitive to contusion or shearing
injuries, but currently the therapeutic conse-
quences of their demonstration are less well
defined. This point applies not only in head
injury. Because more intracranial lesions can
be shown by MRI than by other techniques in
patients with suspected disseminated malig-
nancy, etc, staging of these patients, based on
the sensitivities of older techniques, may have
to be revised.
A late consequence of head injury which

can lead to longstanding problems is the CSF
fistula, usually giving rise to rhinorrhoea. A
number of investigations, some ofwhich (con-
ventional tomography of the skull base,
radionuclide cisternography) deliver a hefty
radiation dose for little or no return, have
been proposed in the past. For patients who
are surgical candidates because of persistent
problems, however, CT with intrathecal water
soluble contrast medium, performed in the
active phase of leakage,24 is often the only
radiological investigation required.

Brain death
Innumerable techniques have been proposed
for use in the diagnosis or recognition of brain
death, often with little or no regard to the rel-
evant national or international recommenda-
tions. Indeed, many of the suggestions seem
to be predicated on the presumed inability of
neurologists to make the diagnosis reliably.
The Guidelines for the determination of death
drawn up in the United States by the
President's Commission almost 15 years ago
indicated that the diagnosis is indeed clinical,
and that paraclinical tests, including imaging,
might be used firstly to determine the cause of
irreversible coma and secondly to shorten the
period of observation required for definitive
diagnosis.25 There is little or no evidence that
these imaging procedures are in practice used
to supplement clinical examination in earlier
determination of brain death, their only puta-
tive merit. One should not forget that, as

Griner and Glaser26 observed, diagnostic tests
may be useful in four ways; two of these-
screening and diagnosis-may be of direct
utility to the patient. The third-assessment
of treatment-is just as likely to be beneficial,
if at all, only to the doctor, whereas the
fourth-income generation-is uniquely so.
The presumably self interested claim in the
Royal College of Radiologists' Guidelines
that in brain death radionuclide investigations
have a "first line" role for "confirmation of
neuronal loss" (!) seems as inappropriate as
factually incorrect.

Acute lesions of cranial nerves
The plain film has no part to play in the initial
assessment of patients with visual loss, except
when this is thought to be due to an intraocu-
lar foreign body27; neither are there any indi-
cations for optic foramen views.28 Should
examination suggest an ocular cause other
than intrinsic disease of the lens or retina,
sonography of the globe (a specific technique
best reserved for experts) may be employed.
Magnetic resonance imaging may produce
images which are more readily interpreted by
the non-specialist, but it is doubtful that it has
much to contribute when expert sonography
is available.
When the signs suggest involvement of the

intraorbital optic nerve, sonography is con-
traindicated; CT is probably as useful in most
cases as MRI, and may show some significant
abnormalities such as calcified, buried drusen
of the optic disc or small, or even large,29
plaques of calcification in a meningioma of
the sheath of the optic nerve, to which MRI is
insensitive; MRI may, however, be more
informative when CT shows a mass lesion
with a questionable anatomical relation to the
optic nerve (and therefore its amenability to
resection), or when it is important to deter-
mine whether a tumour arising from the nerve
itself or its sheath extends intracranially.

Lesions within the substance of the anterior
optic pathways that are not space occupying,
essentially inflammatory, or degenerative, can
be shown only by MRI. Thus pronounced
swelling and contrast enhancement of the
nerve-sheath complex may be shown in
sarcoidosis. With high resolution coronal sec-
tions, it may be clear that the inflammatory
process involves the meninges rather than the
nerve itself, and the same contrast enhanced
MRI study may show multifocal intracranial
meningeal involvement as a bonus. The gen-
uine utility of demonstrating plaques of
demyelination, signal change in Leber's optic
neuropathy, etc, is debatable, unless the pres-
ence and extent of a lesion within the optic
nerve could influence the decision whether to
treat the patient with high dose steroids. In
Britain, about two thirds of patients present-
ing with classical retrobulbar neuritis will go
on to develop multiple sclerosis, and there is
evidence that the large majority of those at
risk can be identified by the presence of
lesions in the brain at the time of initial pre-
sentation with visual disturbance30; if this
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knowledge is considered important, a stronger
argument can be made for requesting MRI of
the brain rather than the optic nerves. There
are nevertheless some conditions, such as
radiation neuropathy, in which imaging may
be used not only to exclude a compressive
lesion (a recurrent skull base tumour, for
example) but also to establish a positive diag-
nosis, by showing pathological contrast
enhancement within the nerve(s). Moreover,
as damage to the blood-brain barrier is
evanescent, follow up studies showing its
restitution can resolve any diagnostic
doubts."
Mass lesions confined to the optic canal or

affecting solely the adjacent bone are very
rare. Magnetic resonance imaging would be
the best technique for showing such masses,
although CT often shows the bone to better
effect. Evidence that surgical or other treat-
ment is effective for visual loss due to trauma
to the optic canal region is largely unconvinc-
ing, and a recent authoritative review suggests
that it should be the subject of a serious con-
trolled trial.'2 Recommendations about radio-
logical attempts to show fractures, etc, must
therefore be viewed critically. It may, how-
ever, be important for the faciomaxillary sur-
geon to be forewarned of the presence of a
fracture through the canal when a visually
intact patient is to undergo treatment for
other facial injuries; this would be best docu-
mented by CT. As indicated, MRI is the
examination of choice for demonstrating
intracranial extension of a primary tumour of
the optic pathways, manifest as signal change
or expansion of the optic chiasm. With the
addition of intravenous contrast medium, it is
also the best way of demonstrating spread to
the intracranial meninges of an optic nerve
sheath meningioma."

If the pattern of field loss localises the
visual pathway disturbance to the intracranial
optic nerve (by virtue of a contralateral junc-
tional scotoma) or to the optic chiasm, MRI is
in general superior to CT not only for detec-
tion, but even more so for effective preopera-
tive characterisation. Images can be obtained
in multiple planes, and MRA, which adds
only a few minutes to the duration of the
examination, can adequately show the
parasellar arteries. An important study
showed that aneurysms of sufficient size to
compress the proximal intracranial optic path-
ways were unlikely not to be visible on MRI or
CT.'4 The investigation of lesions affecting
the optic chiasm is essentially similar to that
of pituitary tumours, and is considered below.
Patients with retrochiasmal visual loss can be
divided clinically into two groups: those in
whom the visual deficit is isolated and those
with other evidence of a cerebral lesion. For a
cerebral lesion the role of imaging is to show
the presence or absence of a mass lesion,
plaques of demyelination, etc, and these are
considered elsewhere. An isolated homony-
mous hemianopia is usually due to an infarct
involving the optic radiations or visual cortex,
and CT or MRI are adequate for its demon-
stration. Angiography is not required unless

some form of intervention would be contem-
plated.

Papilloedema
When patients presenting with longstanding
headaches or visual disturbances are found to
have bilateral disc swelling, the assumption is
that they have papilloedema due to raised
intracranial pressure until proved otherwise.
From a strictly pragmatic viewpoint, a simple
CT study without intravenous contrast
medium only is required to establish firstly
that there is no intracranial space occupying
lesion, and secondly that lumbar puncture,
indispensable for the diagnosis of benign
intracranial hypertension, may be performed
safely. It should be unnecessary to add that
the cerebral ventricles are of normal size in this
condition.'5 Demonstration of an empty sella
turcica and dilated optic nerve sheaths is a
bonus. MRI will show the sheaths in more
detail, which may conceivably be useful if
visual impairment is such that operative
decompression of the sheaths is considered. It
can also give additional information on the
patency or otherwise of the dural venous
sinuses, but the true value of that information
in someone with chronic disease is highly
questionable; the employment of invasive
angiography can scarcely be justified.

Acute ocular motor nerve palsies
The investigation of acute cranial nerve
palsies presumed to be due to structural vas-
cular lesions, specifically aneurysms, will be
discussed in a later article in this series. Many
of the larger non-vascular lesions, particularly
those amenable to treatment, will be visible
on CT but, in as much as isolated acute cra-
nial nerve lesions may be a manifestation of
demyelination, MRI is clearly preferable.'6
Even then, no causative lesion will be shown
in most patients presenting in this way; mod-
ern imaging has largely failed so far to eluci-
date such lesions as the "microvascular" third
nerve palsy.

Extending the CT or MRI study to the
orbit can be of value in identifying lesions of
the superior oblique or lateral rectus muscles
that mimic fourth or sixth nerve palsies.

Acute facial palsy
There have been reports of positive findings
on MRI, particularly with gadolinium con-
trast enhancement, in patients with isolated
acute facial weakness, and their relation to
prognosis.'7 In typical cases of Bell's palsy,
however, the genuine therapeutic utility of
these expensive investigations may be on a par
with that of showing uncomplicated rib frac-
tures with a chest radiograph, and it seems
entirely reasonable to reserve imaging for
atypical cases. One must be aware that, as
with some inflammatory lesions-cerebral
abscess being a prime example-contrast
enhancement may persist once clinical resolu-
tion has occurred. One must remember that
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imaging can reveal only a relatively small
range of abnormalities (swelling, shrinkage,
change in density or intensity, etc); it cannot
interpret images without the clinical picture
firmly in mind, as a report of findings on con-
trast enhanced MRI in the Ramsay Hunt syn-
drome-in a patient with symptoms for two
days-mimicking an intracanalicular vestibu-
lar schwannoma38 emphasises.

Acute lower cranial nerve palsies are com-
monly either vascular or demyelinating and
are therefore treated elsewhere.

Chronic lesions ofthe lower nerves
The number of patients presenting with dis-
turbances of hearing or balance is very large,
and were all to be intensively investigated, the
imaging services would be in danger of being
swamped. The number of patients referred for
imaging can, however, be controlled so that
the services are used much more appropriately
if neuro-otological consultations precede
imaging. This is particularly true in patients
who have vertigo without hearing loss, in
whom a positive diagnosis can often be made
without recourse to imaging, and a structural
lesion is rarely found. When the history,
examination, and otological tests indicate the
possibility of a vestibular schwannoma, there
is now little justification for carrying out any
test other than MRI. Plain films and conven-
tional tomography have no part to play in the
1990s (and it was very difficult to rationalise
their use in the preceding decade).39 It is now
evident that, when MRI is not available, CT is
a poor second best, although it can demon-
strate relatively large tumours. The promotion
of gadolinium enhanced images for MRI
demonstration of smaller tumours40 was
always questionable, as most could be shown
with adequate clarity by a combination of Tl
and T2 weighted images, except perhaps on
the least satisfactory machines. The recom-
mendations for the use of contrast medium by
the 1991 NIH Consensus Development
Panel, not published until 1994,4' have been
overtaken by technical developments: it is
now widely accepted that high resolution T2
weighted images of the region of the internal
auditory meatus in a single plane are adequate
for exclusion of even small tumours42; when
the results are equivocal, addition of a second
plane is quicker, kinder, and much cheaper
than subjecting the patient to an intravenous
injection. Optimal techniques may, of course,
vary depending on local factors such as
machine strength, availability of specific coils,
high resolution programmes, etc; discussion
with the radiologist may be necessary to
achieve the optimal results in any given unit.

"Vascular compression syndromes" in the
posterior fossa continue to stir up debate. If
one believes that compression of the fifth or
seventh cranial nerves by relatively small ves-
sels can produce facial pain or twitching
respectively, and that surgery is the answer,
high resolution MRI similar to that used for
investigation of the eighth nerve is the optimal
imaging technique. It is the only one which

shows clearly the cranial nerves and the adja-
cent vessels: it may be supplemented by MRA
showing the whole course of the "offending"
artery,43 but if the surgical approach does not
depend on the detailed vascular anatomy, this
may be redundant.
The diagnostic yield of CT in patients with

palsies of the lower cranial nerves (IX-XII) is
sufficiently low compared with that of MRI
that the older technique should be foregone
whenever feasible. Intrinsic lesions-neoplas-
tic, vascular, or inflammatory-of the lower
brain stem, often quite small, can often be
identified only with MRI.44 Most extra-axial
lesions are also clearly visible, with the excep-
tion of malignant or inflammatory basal
meningitis, in which even quite extensive
lesions may be evident only on images after
intravenous gadolinium.
When extra-axial masses are identified in

the lower part of the posterior cranial fossa,
MRI will confirm the nature of aneurysms or
provide preoperative vascular mapping in the
case of soft tissue lesions. When MRI reveals
a lesion in the region of the foramen magnum,
however, particularly one showing inhomoge-
neous contrast enhancement that suggests the
presence of large vessels within it, an intra-
arterial study with the aim of proceeding to
therapeutic preoperative embolisation is
strongly indicated.

Magnetic resonance imaging is also the
prime investigation for patients in whom brain
stem or cerebellar disorders are thought to be
due to anomalies at the foramen magnum.
Numerous studies have suggested that the
cerebellar tonsils may, in normal subjects,
extend a few millimetres below the foramen
magnum, whereas older studies, usually myel-
ographic, suggested that this was not the case.
More recent work suggests that the older
data, although obtained with a technique
liable to alter the craniospinal hydrodynamics,
were indeed correct, and that it is the normal
biventral lobules extending through the cen-
tral part of the foramen, which lie higher than
its lateral borders, which give the impression
of cerebellar ectopia.45 In practice this means
that it is not abnormal for a midline sagittal
image to show the inferior part of the cerebel-
lum extending slightly below the plane joining
the anterior and posterior lips of the foramen
magnum. More important pathological obser-
vations are that the neuraxis seems to pack the
foramen and that the anterior surface of the
medulla seems compressed against the odon-
toid peg. Needless to say, the appearances of
"cerebellar ectopia" in a patient without
appropriate symptoms or signs are usually
irrelevant. Imaging for suspected foramen
magnum lesions should include the upper
cervical spine, as an asymptomatic associated
syrinx may be detected. Plain films or CT
may be required before surgery for foramen
magnum abnormalities, because of their
superior demonstration of the bone.

Acute cerebral and cerebellar lesions
It is only a few years since editorials published
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in a number of neuroscience journals empha-
sised that, despite the inroads of MRI, the
diagnosis of multiple sclerosis was essentially
clinical, backed up by neurophysiological and
CSF testing.46 The same can be said of many
diseases, especially those in which initial clini-
cal presentation is protean and subsequent
course equally variable. In pragmatic terms,
however, one may question this judgement. In
the appropriate clinical context, particularly in
young people, the demonstration of multiple,
characteristic lesions, usually in the brain, but
occasionally solely in the spinal cord, gives a
sufficiently strong clue to the diagnosis to
obviate further investigation. For example,
the predictive value of a positive MRI study of
the brain in patients presenting with retrobul-
bar neuritis or myelitis as an initial neurological
disturbance is so strong that extensive addi-
tional investigations would seem meddlesome
unless there are discordant features. Whether
the patient with optic neuritis should undergo
MRI of the brain is an ethical question; in
purely pragmatic terms, the efforts of the pop-
ular press in drawing attention to this condi-
tion as the harbinger of multiple sclerosis are
such that many young women consider them-
selves inadequately investigated without MRI.

It is certainly no longer effectively the case
that multiple sclerosis is a diagnosis of exclu-
sion. For both clinical and technical reasons,
however, routine MRI is more likely to show
lesions in the head than in the spinal cord;
indeed, the detection of lesions in the spinal
cord is one of the most stringent tests of the
quality of the imager. Estimates of the propor-
tion of patients in whom MRI will show spinal
lesions when images of the brain appear nor-
mal vary, but in the most reliable series the
percentage is small. This being the case, a
strong argument can be made for imaging the
head first and foregoing images of the spine in
young patients with relapsing symptoms,
when cranial MRI clearly shows typical, dis-
seminated disease. Even when a spinal cord
episode is the first neurological illness,
demonstration of brain lesions increases the
relative risk ofprogression to multiple sclerosis
in less than two years by 36 times, or by about
15 times if patients with complete transverse
myelitis are excluded.47 The proportion of this
group, when attacks involve different spinal
levels, in which an additional structural lesion
will be found is minuscule. As an analogy,
when a patient with multiple enlarged lymph
nodes is shown by biopsy to have classic sar-
coidosis, one does not proceed to sample all
the other nodes in case one might show
Hodgkin's disease. In older patients with pro-
gressive symptoms, which might be due to
superimposed spondylosis, for example, the
situation is obviously different.

It is axiomatic that on MRI the lesions of
multiple sclerosis are not pathognomonic.
Some of the diseases that may simulate multi-
ple sclerosis, including sarcoidosis and tropi-
cal spastic paraparesis,48 may produce very
similar radiological appearances. Clinical fea-
tures, together with CSF analysis, are there-
fore paramount in a proportion of cases.

Fortunately, these conditions are rare, as are
the often suggested but rarely documented
cerebral vasculitides, although these tend to
produce more peripheral and basal ganglion
lesions,49 as does Behcet's disease, which also
shows a predilection for the brain stem.i0
Small vessel ischaemia, however, is ubiqui-
tous, and in the individual patient, where sta-
tistical analyses are unhelpful, it may be
difficult to make a firm diagnosis on imaging
grounds. Lesions which are predominantly
periventricular, involving the corpus callo-
sum, and with transverse diameter greater
than their anteroposterior extent, favour mul-
tiple sclerosis, as does finding multiple, appar-
ently asymptomatic supratentorial and
infratentorial abnormalities in a young
patient. None of these characteristics is
absolute; I am not convinced that statistical
analysis of lesion numbers, etc51 helps any
more than an experienced radiologist's
impression in any given case. Once the diag-
nosis of multiple sclerosis is established or

strongly suggested, repeated MRI studies to
demonstrate the appearance of new lesions
are rarely indicated, particularly in establish-
ing a differential diagnosis between, for exam-
ple, small vessel ischaemic disease and
multiple sclerosis in a middle aged person.
Occasionally, the finding of new lesions may
facilitate the differentiation of acute dissemi-
nated encephalomyelitis, a monophasic ill-
ness, and multiple sclerosis; whether this is
worthwhile clinically is, however, debatable.
In established multiple sclerosis, there is little
point in repeat MRI studies charting the
course of the individual patient's disease,
unless there are strong reasons for thinking
that a new neurological episode is due to some
other condition.

Before the advent of MRI, some workers
proposed double dose, delayed contrast
enhanced CT for detection of cerebral
plaques,52 but this was always of doubtful
value as most of the patients with positive
results had diagnostic changes in the CSF.
Accepting the caveat that the diagnosis of
multiple sclerosis is essentially clinical, and
that the role of radiology before the advent of
MRI was largely exclusory, the use of this
technique in patients who cannot for some
reason undergo MRI is highly debatable. In
general it is also true that when MRI studies
are positive in patients with suspected multi-
ple sclerosis, recourse to gadolinium enhance-
ment is unnecessary. Occasionally, however,
when alternative diagnoses seem likely, the
absence of contrast enhancement of any
lesion may strengthen the suspicion of multi-
ple sclerosis, particularly when the patient is
not in an acute relapse, whereas enhancement
of all or most of the lesions visible on T2
weighted images may point to acute dissemi-
nated encephalomyelitis-in which some of
the lesions are often large,53-or an inflamma-
tory condition such as sarcoidosis.

Intracranial infections
There is little doubt that CT revolutionised
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the neurologists' and surgeons' approach to
many intracranial infections, including cere-
bral abscesses, empyemas, granulomatous dis-
ease, etc. It is also clear that for certain types of
infection, notably encephalitis, MRI is signifi-
cantly more sensitive, particularly in the early
stages of the disease.54 This is also true of
other conditions, such as meningitis and
AIDS, but the added sensitivity in some of
these may simply allow observation of disease
progression rather than conferring any benefit
on the individual patient, much though they
may advance medical knowledge.
Many subacute or chronic infections pro-

duce changes that can be identified on CT, or
with greater ease on MRI. Unfortunately, as
in so many situations, the radiological findings
are non-specific; thus the diagnosis of
intracranial Whipple's disease, Lyme dis-
ease,55 etc, is invariably based as much on
clinical and epidemiological factors as on
imaging. This also applies to opportunistic
infections in AIDS: although in many parts of
the world the major organism is toxoplasma,
cryptococcus may be relatively common in
some areas,56 whereas in Spain, for example,
tuberculosis is an important consideration.57
Differentiation of toxoplasmosis from lym-
phoma by means ofMRI is sufficiently unreli-
able for antimicrobial treatment or biopsy to
be the recommended course58 rather than
reliance on the radiologist's diagnostic "com-
pulsiveness".

Chronic and progressive syndromes
CEREBRAL LESIONS
Historically, one of the fields to which most
effort has been directed in imaging the head is
that of progressive focal or generalised neuro-
logical deficit-that is, detection and charac-
terisation of intracranial tumours. This is not,
however, a single task, and for practical pur-
poses, it can be subdivided as follows59:
* detecting a mass lesion within the head
* indicating whether it lies within or without

the brain
* whether it requires biopsy for tissue char-

acterisation
* indicating the best means of intervention
* directing that intervention
* monitoring the natural history of untreated

lesions
* secondary effects of the lesion
* the effects of treatment.

It is a truism that skull radiographs and
radionuclide investigations are not indicated,
even as non-invasive screening tests, for detec-
tion of intracranial masses; both have unac-
ceptably high false negative rates.6061
Magnetic resonance imaging yields a signifi-
cantly higher detection rate than CT, espe-
cially in the anatomical sites to which CT is
known to be relatively blind-namely, the
anteroinferior part of the middle cranial fossa
and the posterior cranial fossa, particularly the
brain stem. Studies carried out when MRI
was first introduced, however, gave conflicting
results as regards the detectability of supra-
tentorial neoplasms other than in the tempo-

ral lobes.62 Some of these were methodologi-
cally questionable, and more recent scientifi-
cally conducted comparisons are few, but a
clinical impression is that, with modem
equipment, the detection rate for tumours in
or adjacent to the cerebral hemispheres with
the two techniques is not greatly different.
Even clinicians' awareness of this does not,
however, prevent many patients having both
tests.

Contrary to a widespread belief, numerous
studies have confirmed the radiologists'
impression that there is only a very small (less
than 1%) decrease in detection rate of pri-
mary cerebral tumours if intravenous contrast
medium is not given; furthermore, this was
true even when image quality was much infe-
rior to that available today.6' It is recognised
that "false negative" CT studies occur with
fast growing malignant gliomas, particularly in
patients presenting with seizures; a second
examination months later, by which time neu-
rological signs have often developed, may
show a large tumour genuinely invisible on
the first64; the same may also occur with MRI.
Not surprisingly, contrast enhanced MRI has
been found to be more effective than CT for
detection of intracranial metastases. This
applies particularly to extra-axial deposits, to
which CT is notoriously insensitive,65 but is
also true when only parenchymal lesions are
present66; there seems to be little or no benefit
in delaying the postinjection imaging, a
manoeuvre claimed to increase the detection
rate in CT.
Once the radiologist has decided that an

intracranial mass is neoplastic, which is not
difficult in most cases, his long term aim
would clearly be to be able to provide a tissue
diagnosis sufficiently reliable to obviate
biopsy. Until we reach that happy state, it can
be argued that the neuroradiologist should
rather "ask himself whether or not a precise
diagnosis is really useful",67 and throw in the
towel. Situations which engender negative
answers to that question are almost certainly
more common than otherwise. Exceptions
include the fundamentally important, but
often rather low level decision, as to whether a
mass lies within or outside the brain, as in the
former case it is potentially resectable;
whether multiple or less commonly single
masses are likely to be part of disseminated
metastatic disease, in which case surgery on
the head, even biopsy, may not be the pre-
ferred option; or whether it might be a lym-
phoma, in which case one should abstain from
steroid treatment before biopsy.68 It seemed at
one time that immunolocalisation of brain
tumours, using tissue specific antibodies
labelled with radionuclides69 or some com-
pound detectable by magnetic resonance,
would obviate radiological diagnostic guess-
work, but that promise does not seem as yet
to have been fulfilled.

Similar remarks apply to attempts to grade
degrees of malignancy by imaging. Con-
siderable effort has been devoted to establish-
ing correlations between malignancy and
radiological criteria derived from angiography,
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CT, MRI, and isotope studies. When these
involve complex formulae or multifactorial
analyses which barely achieve statistical signif-
icance,70 their clinical utility is effectively nil.
Simple Gestalt analyses of some of these tests,
however, can contribute to prognosis when
biopsy is either unhelpful or patently at vari-
ance with the radiological data, indicating that
atypical tissue has been obtained. These
should be the minority of cases, as histological
examination is in general more reliable.
Unfortunately, many recent enthusiastic
reports on radiological differential diagnosis
of intracerebral or intraventricular7l tumours
have the same fatal flaw; the differential diag-
nostic game may be entertaining for the radi-
ologist to play, but clinical features may be
equally important and the images rarely sup-
plant biopsy. It is perhaps puzzling that a
report showing a close correlation between
grades of malignity of intracranial tumours
and the methyl and methylene peaks of
peripheral blood on MRS72 seems to have
engendered little excitement among neurosur-
geons-or perhaps not!
Where extracerebral tumours are con-

cerned, the value of current imaging tech-
niques in general is in similarly providing
morphological detail rather than refining diag-
nosis. Magnetic resonance signal characteris-
tics, for example, do not seem particularly
useful for assessing preoperatively the likely
consistency of meningiomas.73

Surgical use of imaging technology for
localisation of lesions to be removed or biop-
sied has progressed in less than 20 years from
the complex but rather crude, using very
rough data given by air studies and angiogra-
phy, to the highly sophisticated, using a vari-
ety of techniques and combining the
information into computer generated images
which often contain more information than
the surgeon can use. The ways in which CT
or MRI guided stereotaxy is currently per-
formed are almost as various as the institu-
tions involved. Suffice it to say that by the
time these words are published routine
intracranial surgery carried out, perhaps by
remote control, within a dedicated MR
imager, with effectively real time data presen-
tation, may no longer be science fiction.

Angiography remains part of the preopera-
tive investigation of patients with intracranial
tumours in some institutions, although the
benefits it confers are debatable. There would
seem to be no justification for using an inva-
sive technique with a known morbidity for
localisation of masses, particularly when, as in
the large majority of cases, non-invasive pro-
cedures are more reliable. Grading of intrinsic
tumours on the basis of pathological vessels,
etc, has not been shown to be more sensitive
than grading by CT or MRI. When informa-
tion about patency of dural sinuses, etc, is
thought necessary before surgery, this can be
acquired by intravenous digital subtraction
angiography or MRA, and the same may be
said for the demonstration of large vessels
before stereotaxic biopsy. Virtually the only
firm indication for preoperative intra-arterial

angiography is when intravascular interven-
tion is foreseen. Presurgical embolisation of
some vascular neoplasms, especially those
around the skull base such as glomus jugulare
tumours or juvenile angiofibromas, is today
generally considered the best practice, but
surgeons' universal enthusiasm for intra-arter-
ial treatment of, for example, convexity
meningiomas, seems to have waned as doubt
has been cast on the real benefits.74
Unfortunately, meningiomas arising from the
skull base, in which surgical access to the
feeding vessels is less straightforward and
haemostasis would be a real gain, are often
not strikingly vascular on angiography.75

If cerebral tumours are treated by biopsy
and radiotherapy (with or without other types
of treatment) rather than by excision, it is
important to know the extent of brain involve-
ment, as it is undesirable to expose normal
brain to therapeutic doses of radiation. There
is evidence from surgical biopsies, post-
mortem examinations, and correlation with
PET studies of cerebral metabolism that CT
underestimates tumour spread,76 and the
same is almost certainly true of MRI. There
have been a number of accounts of treatment
of cerebral77 and brain stem neoplasms by
intra-arterial infusion of cytotoxic agents.
Theoretically at least, delivering the noxious
agent close to the vascular bed of the tumour
has advantages, but it remains to be proved
that these outweigh the morbidity of the tech-
nique.
Computed tomography or MRI are excel-

lent methods of following up patients with
cerebral tumours, treated or untreated. It is,
however, reasonable to restrict the use of
these or any other investigations to clinical sit-
uations in which there is some realistic likeli-
hood that they will modify management.
When surgery seems inappropriate for a
patient with a low grade intrinsic tumour,
imaging follow up is required only when a sig-
nificant change in clinical status occurs, which
might tip the balance in favour of surgery, or
in the unlikely event that some new operative
technique renders intervention a better
choice. Much the same applies in many situa-
tions; imaging as occupational therapy for the
outpatient whose recent clinical status is
unchanged some months or years after total
removal of a meningioma, for example, is
fruitless (Hodgson, Kingsley, and Moseley,
unpublished data).

Differentiating recurrent tumour from
radionecrosis remains difficult with imaging;
neither CT nor MRI is sufficiently reliable.
There have been several reports of the use of
PET for this purpose, but its expense and lim-
ited availability tend to exclude it from rou-
tine use; SPECT techniques, which are
considerably cheaper, may be informative,
however, in at least some cases.78

HEADACHE
A number of surveys have confirmed the
very low diagnostic yield of imaging in
patients with either non-specific headache
unaccompanied by neurological disturbances

Moseley

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp.58.1.7 on 1 January 1995. D

ow
nloaded from

 

http://jnnp.bmj.com/


Imaging the adult brain

or recognisable forms of migraine, migrainous
neuralgia, etc. This is one area in which sensi-
ble clinical assessment is invaluable, given the
frequency of complaints of headache and the
desire of many patients to be investigated.
The other side of the coin is that CT is now a
cheap and almost completely anodyne test,
provided that contrast medium is avoided.
When CT was considerably less widely avail-
able and relatively more expensive than today,
one audit of its utility suggested that an EEG
might be a good pre-CT screening test in
patients with chronic headache79; one could
probably reverse this argument on cost-bene-
fit grounds today. Plain films of the skull are
an even cheaper way of confirming the diag-
nosis in unusual conditions in which the skull
itself is the source of pain, such as Paget's dis-
ease. In a more common situation, films of
the paranasal sinuses will usually show or
exclude inflammatory or other changes severe
enough to cause chronic headache, although
they may not suffice for further management.
Conversely, plain films of the craniocervical
junction or cervical spine hardly ever elucidate
isolated occipital pain; moreover, they are so
often abnormal in elderly people80 that they
cannot genuinely support a diagnosis of cer-
vicogenic pain.

Investigation of types of headache known to
be associated with intracranial or craniocervical
lesions-as in subarachnoid haemorrhage or
cough headache-will depend on the pre-
sumed nature of the underlying lesion: an
intracranial aneurysm or cerebellar tonsillar
ectopia, for example. Because, save for such
cases, there is little to indicate that MRI is
superior to CT in the investigation of
headache, it is probably unjustifiable to use
the more expensive method as a primary
imaging test.

EPILEPSY
The contribution of imaging to investigation
of patients whose illness is dominated by or
consists primarily of epileptic attacks has tra-
ditionally been the detection of potentially
treatable causes, typified by intracranial
tumours or vascular malformations. With the
advent of CT, causative lesions not amenable
to such treatment-small cortical infarcts, or
the effects of previous trauma-could be iden-
tified. This may have satisfied the neurolo-
gist's curiosity, but positive effects on
management were minor.8' When the
increased sensitivity of MRI to parenchymal
pathology first became evident, it was sug-
gested that the detection rate for lesions
responsible for epilepsy was very much higher
than when using CT. This has not been
entirely borne out by subsequent experience
and, with some exceptions, the abnormalities
to which the newer technique is indeed more
sensitive tend to be those in which their pres-
ence explains why the patient should have fits
rather than those to which present surgical
approaches are suited.
Thus when a patient presents with seizures,

the aim of imaging should be. firstly to deter-
mine whether he or she has a lesion that

should be treated itself, and of which the fits
are simply the clinical manifestation. A con-
vexity meningioma is the paradigm; in a rela-
tively young patient the likely morbidity of
investigation and treatment is outweighed not
merely by the presentation, but also by the
natural history. When preliminary imaging
shows a complex arteriovenous malformation
in an eloquent area in someone of middle age,
the equation is more finely balanced, but will
depend to some extent on imaging data.
Needless to say, plain films and radionuclide
investigations are sufficiently insensitive as to
be effectively useless, but there is little evi-
dence that for detection of such "surgical"
lesions MRI is superior to CT, although fur-
ther investigations may be required before
surgical decision making. When CT is normal
in patients whose epilepsy is not so severe as
to require more radical surgery, there is little
or no justification for further investigation.
There are some adults and children in whom
MRI will show anomalies of cerebral cortica-
tion, or heterotopic grey matter, etc, but if,
given today's surgical possibilities, a mildly
affected patient would not be a candidate for
cerebral resection surgery, this type of investi-
gation cannot be justified in clinical practice,
other than as research.
When the fits are so intractable, however,

or the side effects of conservative treatment so
onerous that the patient would be offered
surgery as primary treatment, MRI is the
examination of choice. This is particularly
true when the presumed epileptogenic focus
lies in the temporal lobe, to which CT is
recognised to be relatively blind. Thin coronal
TI and T2 weighted images, which permit
volumetric analysis and three dimensional
reconstructions, can show not only hamar-
tomas and indolent tumours, but minor
degrees of hippocampal atrophy and signal
change, indicating mesial temporal sclerosis.
As always when images are used to generate
measurements there are important method-
ological sources of error, from which a num-
ber of the most often cited publications may
not be free.82 Even when these are taken into
consideration, for successful surgery the
results must be considered in combination
with clinical and electrophysiological data,
including preoperative tests of cerebral domi-
nance using intra-arterial sodium amytal.
Possibly because of the expense of both tech-
niques, the combination of MRI with magne-
toencephalography,83 to produce what at least
one radiologist, possibly with political fore-
sight, has termed "magnetic source imaging",
has not become widespread as yet. It has been
suggested that interictal or particularly ictal
and periictal functional radionuclide studies
give more demonstrative lateralising data84
but, even so, MRI demonstration of detailed
anatomy greatly assists the neurosurgeon. A
few years ago, some centres were reporting
successful outcomes of surgery for mesial
temporal sclerosis in as few as 60% of
patients.82 This should improve with current
MRI techniques, and in the near future intra-
operative MRI will almost certainly prove
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extremely valuable in guiding the extent of
resection.

MOVEMENT DISORDERS
Regrettably, static imaging methods, con-
cerned with structure rather than function,
have contributed little to clinical investigation
of involuntary movements, except where these
are symptomatic of structural disease, as in
the rare meningioma causing tremor.
Demonstration by high field MRI of putative
changes in brain iron distribution in parkin-
sonism variants was very enthusiastically pro-
moted some years ago,85 but has since
spectacularly failed to change clinical practice.
Some disorders, such as Hallervorden-

Spatz disease, have highly suggestive MRI
findings (the "eye of the tiger" globus pal-
lidus).86 The findings in Wilson's disease,
however, are variable, inconstant (although
much less so than with CT), and do not nec-
essarily correlate with clinical status or
response to treatment87; they may serve to
strengthen a clinical diagnosis, but clearly do
not replace metabolic investigations. The
atrophic changes seen in "multiple system
atrophy" are similarly non-specific and bolster
clinical impressions rather than throwing up
unsuspected diagnoses.88

DEMENTIA
Investigation of patients presenting with or
found to have dementia is highly variable in
practice, although the underlying controversy
is rarely articulated. Published evidence is cer-
tainly contradictory. On the one hand, there
are studies, often initiated by radiologists,
which show the very poor cost-benefit gains
from imaging in such patients, especially
those without neurological signs and that,
contrary to widespread belief, the proportion
of patients with genuinely treatable lesions
does not increase greatly with earlier onset of
dementia.89 On the other hand, hardly an
issue of a self respecting neurological journal
appears without an article on changes that
may be shown by detailed analysis of expen-
sive investigations (CT, MRI, SPECT, or
PET) in demented patients. Few, if any, of
these have shown any useful, reliable correla-
tion between structural or even functional
imaging and specific causes of dementia
(rather than dementia in general); indeed, in
most published studies the accepted diagnosis
is that made on clinical and psychometric
grounds. This is especially regrettable, as,
despite some claims to greater accuracy, at
least one series, in which clinical, radiological,
and neurophysiological assessments were
compared with postmortem findings, revealed
only 47% sensitivity and 65% specificity in
diagnosing Alzheimer's disease.90 It may be
true that other neuropsychologists are better
at clinical differential diagnosis, but those who
have not put themselves to the test should not
assume this to be the case. Nevertheless, the
frequency and "scientific" tone of such stud-
ies seem to have convinced some neurologists
that they should be carrying out these tests as
diagnostic aids on their patients. Were some

specific treatment for Alzheimer's disease, for
example, to become available, it would be
comprehensible that an imaging test of high
specificity and sensitivity might be used to
select which demented patients were treated.
But unless that test were quick, cheap, freely
available, and virtually infallible, it would
seem unethical not to extend treatment to
other demented patients, unless it proved
unacceptably toxic or expensive; and neither
that test nor the treatment are currently to
hand. It has been suggested that simple linear
measurement of the distance between the
medial border of the uiicus on the two sides
might be useful for identifying patients with
Alzheimer's disease, but some groups have
been unable to distinguish patients with mild
to moderate dementia from normal subjects
of the same age with this criterion.9' A recent
update on the OPTIMA group's suggestion
that measurement of the minimum width of
medial temporal lobe tissue at the level of the
brain stem92 indicates that this simple test
does have high discriminant value; however, it
is by definition not useful until the disease has
already reached a stage at which structural
changes have occurred.

It cannot be overemphasised that loss of
brain volume is a normal phenomenon in
elderly people, and its demonstration cannot
be assumed to have advanced the investiga-
tion of dementia. For this reason many radiol-
ogists prefer the term "cerebral involution",
because of the traditionally "pathological"
overtones of "atrophy". It should also be
understood that correlations between the
lesions due to small vessel ischaemia which
can be shown by CT or, with greater sensitiv-
ity by MRI, and cognitive decline is suffi-
ciently vague to be of no clinical value in the
individual case, particularly in the elderly,
mildly demented patient.93 In a number of
brain diseases known to be associated in some
cases with dementia (such as parkinsonism),
although some workers have suggested focal
atrophy of the medial frontal lobes and
around the third ventricle,94 others have found
no good correlation with specific imaging
changes.95 Not surprisingly, some correlation
between cognitive decline and the extent of
brain disease has been identified in multiple
sclerosis.96

It was to be hoped that modern imaging
might prove more helpful than invasive tech-
niques in diagnosis of early Huntington's dis-
ease, but clinical features and, of course,
family history and DNA analysis seem to be
better guides. It has been suggested, however,
that the degree of atrophy of the caudate
nucleus may be a guide to prognosis.97
A persistent controversy concerns the

frequency (perhaps even the existence) of
norrnal pressure hydrocephalus. In Britain
this is a rather infrequent diagnosis in patients
without a clear antecedent history of intra-
cranial bleeding or infection, and very small
numbers are subjected to shunt procedures on
the basis of a diagnosis of idiopathic normal
pressure hydrocephalus, but one report des-
cribes 22 patients in whom normal pressure
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hydrocephalus had been diagnosed under-
going a non-standard MRI procedure before
operation in a relatively short time at a single
German university hospital.98 When the clinical
and laboratory criteria for the diagnosis seem
so geographically variable, assessment of
claims about the therapeutic significance of
putative radiological signs is virtually impossi-
ble. With recent reports about the relevance
of MRI findings of concomitant white matter
disease and arterial hypertension to the patho-
physiology,99 water on the brain is probably at
its muddiest ever, at least in the imaging liter-
ature.'00

OTHER NEUROPSYCHIATRIC DISORDERS
Several imaging studies in recent years have
applied CT, MRI, and radionuclide methods
to patients with schizophrenia, autism, psy-
chosis, etc.1'0 The range of imaging features
examined has been extensive and various, and
few groups have used widely accepted criteria.
In addition, many workers have published the
statistical analyses of their findings rather than
the measurements themselves, which are
essential for replication and comparison. The
main thrust seems to have been to show that
people with psychiatric disorders do indeed
have structural abnormalities, a fact which
some psychiatrists, presumably battling with
their psychoanalytical colleagues, find "excit-
ing'02 As yet, the data are too soft and con-
tradictory for any clue to pathophysiology to
have emerged, and their clinical relevance is
doubtful.

Neuroendocrine disease
The history of the application of imaging to
the investigation of neuroendocrine disease,
specifically to small but hormonally active
pituitary tumours, makes entertaining read-
ing. As each of a series of techniques has
become available, it has made clear the high
level of self deception by both radiologists and
endocrinologists necessary for the use of its
predecessor. Thus plain radiography, conven-
tional tomography, and even CT103 have all
been shown to be extremely unreliable in the
light of later technology; the particularly high
inaccuracy of CT was recognised even before
comparisons were made with MRI.'04
Although MRI is also not infallible, it would
seem to be by far the best investigation cur-
rently available. As I have pointed out previ-
ously, however, "the desirability of locating
the tumour within the pituitary gland of a
patient with hyperprolactinaemia is predi-
cated solely and absolutely on surgery being
the treatment of choice"; it is otiose when
chemotherapy will be employed.
When larger pituitary region tumours are

present, the multiplanar capacity of MRI,
linked to MRA for demonstration of the vas-
cular anatomy, renders this the technique of
choice. Combining image quality with econ-
omy, in ideal circumstances, it is probably
necessary to use only a fat suppressed contrast
enhanced TI weighted volume acquisition
but once again this will depend to some extent

on the technical possibilities of the apparatus
available. This simple technique can also be
used for follow up after surgery, although, as I
have indicated elsewhere, clinicians' fondness
for follow up studies may have to yield to
audits showing their lack of cost or benefit
effectiveness. This would seem to be particu-
larly true when women being treated with, for
example, bromocriptine are asymptomatic as
regards both their hormonal status and vision.
The greater sensitivity to both the internal

structure of pituitary tumours and their rela-
tions with the anterior optic pathways make
MRI the ideal method for investigating sus-
pected pituitary apoplexy, and for deciding
which patients actually need treatment, as the
apoplectic episode may itself result in involu-
tion of tumour usually found to underlie it. O5

Magnetic resonance imaging has opened
doors to other endocrine disturbances to
which CT was effectively blind. As an exam-
ple, the normal posterior lobe of the pituitary
gives high signal on Ti weighted MRI, for
reasons not entirely clear. This is absent in
most patients with central or nephrogenic dia-
betes insipidus, but not in those with primary
polydipsia.106

Conclusions
It is difficult to draw overall conclusions from
the foregoing, as I have tried to indicate in
each case the sort of selection process that the
neurologist or neurosurgeon should make
when thinking of referring a patient for imag-
ing. To best use his services to the patient's
advantage, the clinician should: (a) refrain
from any imaging for which there is no clear
clinical indication and (b) prefer anodyne to
invasive, cheap to expensive, but (c) not per-
form a harmless, low cost examination if it
will not obviate a more aggressive or expen-
sive one.

In Britain the legal power to determine
whether any imaging investigation is carried
out is unequivocally vested in the radiolo-
gist.107 This gives force to the Royal College of
Radiologists' uncontentious recommendation
that "if you are in doubt as to whether an
investigation is required or which investiga-
tion is best, it makes sense to ask the radiolo-
gists who, like other consultants, will know
much more about their speciality than those
whose primary interests are in other fields".20
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