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Computer Assisted Tomography
Ever since November 1895, when RxSntgen x-rayed his wife's
hand with the "new rays" he had just discovered, the principles
of radiography have not changed. Certainly x-ray tubes have
become much more powerful, the foci from which the rays are
emitted much smaller, the silver emulsion on the film more
sensitive, and thus the exposure times much shorter. But the
spectrum from black to white on the resulting film (or glass
plate as it used to be) has not changed. Only tissues ofmarkedly
contrasting density can be differentiated on an x-ray film: at
one end of the scale bone or heavily calcified tissue, and at the
other air or gas (the only natural contrast substance); inter-
mediate are the relatively dense organs such as the kidney or
spleen; and near the black end, fat. Even in the early days of
radiology these limiting factors led to the introduction of
contrast media, first in the gastrointestinal tract and gradually
elsewhere. The brain is an example of homogeneous tissue,
which Monizl described as being normally mute to x-rays;
this led to his discovery of cerebral arteriography nearly 50
years ago.

Until the recent work of G. N. Hounsfield,2 a senior
research electronic physicist working at the E.M.I. Central
Research Laboratories at Hayes, Middlesex, the brain has
continued to remain mute without the aid of contrast media.
He had the brilliant idea of detecting x-rays with a crystal
instead of film. Almost since their discovery it has been known
that certain crystals emit visible light on exposure to x-rays,
but up to now this property has never been exploited in
diagnostic radiology. Hounsfield postulated that by scanning a
patient with a narrow beam of x-rays and a detector crystal in
such a way as to allow a computer to extract the maximum
amount of information from the detector readings, he would
be able to build up a picture in which the grey levels could be
calculated to a degree of accuracy 100 times greater than could
be achieved in conventional radiology. He had in mind the
construction of an apparatus which would examine transverse
slices of fhe body, particularly the head, chest, and abdomen.
As his ideas developed it became apparent that the machine
would be suitable only for the head. By using two crystals and
two x-ray beams he was able to cut two adjacent slices simul-
taneously. The x-ray tube makes a linear scan across the
patient's head, always remaining in alignment with the crystals,
and taking 160 readings of photon transmission through the
head during the traverse. The unit is then rotated one degree
round the head, and the procedure is repeated. After 180
repetitions the unit has traversed a half circle, taking a little
over four minutes, and 28,800 (160 x 180) readings have been
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taken by each detector. They are fed into a computer which
calculates 6,400 absorption values of the tissue, each block of
which is 3 x 3 x 13 mm in two adjacent slices. The
ultimate display is given either as a digital print-out of the
absorption coefficient of each small block of tissue or as a
cathode-ray-tube picture in which the brightness of each
block is proportional to its absorption coefficient (or expressed
in other ways its density or atomic number). The picture can
then be photographed with a polaroid camera.
The prototype machine was installed in the neuroradiological

department at St. George's Hospital. After considerable
experimentation with animals, Hounsfield and J. E. A.
Ambrose were ready for their first patient in October 1971.
The result exceeded their expectations, in that they demon-
strated the cerebral ventricles clearly and also showed a well-
demarcated tumour in the left frontal lobe. The brain was no
longer mute to x-rays.
The importance of Hounsfield's discovery was immediately

apparant and in 1972 he won the McRobert Award.3 The
apparatus is now in full scale production; four machines have
been installed in N.H.S. hospitals, about 20 in North America,
and two in continental Europe. Hounsfield and Ambrose
published their first results last year24 and Paxton and Ambrose
have a paper in the press5 analysing 650 cases. Two other
papers have appeared from the U.S.A. There is no doubt that
this method has added a most valuable dimension to neuro-
radiology, not only in the detail it depicts, but also by providing
a tomographic cut in a plane very difficult to achieve by
conventional x-ray techniques. The procedure is painless and
not even uncomfortable; and the radiation dose for a single
complete scan is less than that from a single skull x-ray.8
Sometimes an intravenous injection of a water-soluble iodine
preparation is helpful in enhancing the image of pathological
tissue.
The clinical value can readily be understood from the range

ofnormal and morbid anatomical features that can be depicted.
The ventricular system, the larger cisterns, and the inter-
hemispherical fissure are clearly seen, and gray and white
matter can be differentiated to some extent. The pineal and
choroid plexuses are sharply outlined even if they contain
insufficient calcium to be visible on a conventional x-ray.
Intracranial masses of almost any nature are seen-tumours,
primary and secondary, abscesses, haematomas (epidural,
subdural, and intracerebral), infarcts, and cysts. The smallest
lesion demonstrable is as yet difficult to predict but it clearly
depends very much on the degree to which its density differs
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from adjacent brain. That of some quite large pathological
masses can be about the same as brain tissue, but this is
unusual, and it is in these cases that enhancement by a contrast
substance helps.
A specific pathological diagnosis can sometimes be made.

For example, a haematoma has a very high density relative to
brain, and cholesterol (as in a craniopharyngioma) has a very
low density. Cerebral and cortical atrophy can be readily
recognized from the enlarged ventricles and cisterns and the
widened cerebral sulci. The last are best seen on a very high
slice near the vertex.
Another region which can be explored profitably is the orbit.

Tumours and other masses lying in the retro-ocular space are
notoriously difficult to diagnose. The usual clinical problem is
that of unilateral exophthalmos. Various contrast media have
been used in the past with very qualified success, and the
techniques, apart from orbital phlebography, are regarded by
most radiologists as being too dangerous since the information
provided is limited. The anatomical structure of the retro-
ocular space lends itself particularly well to computer assisted
tomography, in that the tissue is of very low density being
mostly fat. At the National Hospital, Queen Square,9 a number
of tumours in this space have been diagnosed successfully.

This new radiological method is revolutionizing investigative
neurology and ophthalmology. Not only is it adding to our
knowledge, but its use should also cut demands for the
expensive, time consuming, and not always entirely benign
contrast neuroradiological procedures.
' Moniz, E., Revue Neurologique, 1927, 2, 72.
2 Hounsfield, G. N., British Journal of Radiology, 1973, 46, 1016.
3British Medical_Journal, 1972, 4, 682.
4 Ambrose, J., British3Journal of Radiology, 1973, 46, 1023.
5 Paxton, R., and Ambrose, J., British Journal of Radiology, in press.
6 Baker, H. L., et al., Proceedings of the Mayo Clinic, 1974, 49, 17.
7 New, P. F. J., et al., Radiology, 1974, 110, 109.
8 Perry, B. J., and Bridges, C., British Journal of Radiology, 1973, 46, 1048.
9 Gawler, J., et al., British Journal of Ophthalmology, in press.

Drivers and Deterrents
In technically developed countries road traffic accidents now
account for nearly half, and in some countries more than half,
of all male deaths in the 15-24 years age group.' The number
of surviving crippled victims is even more worrying. The high
speeds and decelerations in road accidents cause injuries which
the brain and other organs cannot tolerate without permanent
incapacity.2 The high-risk group of young drivers tend to
survive injuries which would have been fatal to older drivers,
and advances in resuscitation techniques have only compoun-
ded the problem.3 Finally, the distribution of mortality and
morbidity among road users has shifted. Whereas several years
ago in Britain three times as many pedestrians were killed as
drivers and passengers, the position has now reversed and
more private car users are killed than pedestrians. Compared
with 1961, the increase in the number of pedestrians killed
in Britain in 1970 was less than 10%; but the corresponding
figure4 for private car users over the same period was 86%.
We have no idea of the extent of the pool of permanent

incapacity resulting from road traffic accidents in the commun-
ity because no steps have been taken to record it. Meanwhile,
less important causes of morbidity such as measles and scarla-
tina continue to be subject to statutory notification.
Road safety authorities in many countries, having pursued

ad hoc measures with notable lack of success, are becoming
persuaded of the need to apply epidemiological techniques to

the problem. The best example of the use of these methods
was perhaps the Grand Rapids survey, which provided the
evidence on which the statutory blood alcohol limit of 80
mg/100 ml for drivers was introduced in Britain.5 Nevertheless,
identification of an adverse factor which increases a driver's
risk of having an accident is not enough. What has to be
decided is the appropriate countermeasure. Much information
has been collected about the presence of various factors in
drivers who have had accidents, but very little is known about
drivers who escape them.
The Committee -on Alcohol and Drugs of the National

Safety Council of the U.S.A. together with the International
Driver Behaviour Research Association (I.D.B.R.A.) recently
held a three-day workshop in Paris, the purpose of which was
to reach international agreement on the techniques for
collecting information about drivers by means of roadside
surveys. A meeting of the O.E.C.D. Expert Group on the
Effects of Alcohol and Drugs on Driver Behaviour held at
B.M.A. House in 1971 had suggested that a committee be set
up to establish international co-ordination in the conduct of
such surveys.
The role of alcohol in driving behaviour is known already

but studies are needed of the frequency of high blood alcohol
concentrations among drivers so that the effect of counter-
measures can be monitored. Two conflicting requirements
provide the main problem in such surveys. The first is to give
motorists assurances about confidentiality and immunity from
prosecution, to ensure that the sample is representative. But
if drivers know that a survey is being carried out at a certain
place they may take steps to avoid it or may even modify their
drinking and driving habits so long as the survey continues.
Experience in the U.S.A. has shown that when surveys were
preceded by extensive publicity on press, radio, and television
20% of drivers were aware of the survey, compared with 11%
with press publicity only, and 4% with no publicity at all. One
of the more interesting findings has been that whereas the
average concentration at which drivers convicted of drinking-
driving offences was around 200 mg/100 ml it was extremely
uncommon for roadside surveys to pick up drivers with such
high concentrations.
The application of epidemiological techniques to road

accident mortality and morbidity is an urgent priority.
Demarcation agreements appear to prevent the Department
of Health from entering this field, but the Department of the
Environment as the responsible authority should recognize
the need: though the failure of the Secretary of State to
include a single medically qualified member in the committee
he appointed to advise the Director of Road Research does
not augur well for the future.

Apart from a "before and after" study of the blood alcohol
concentration of drivers killed in road accidents,6 no steps
have been taken in Britain to monitor the drinking habits of
motorists since the Road Safety Act of 1967. There is a
general impression that our existing legislation is not as
effective as it might be and last week the Lord Chancellor
announced7 an inquiry "into all aspects of the operation of
the drinking and driving law." The effects of the law on
drivers' behaviour can only be guessed at until more is known
about their drinking habits and their attitudes towards the
the existing countermeasures. Roadside screening surveys
provide the means for this information to be obtained, and
clearly the Transport and Road Research Laboratory should
get them started as soon as possible. The co-operation of the
police authorities, which has been readily forthcoming in other
countries, will no doubt be freely given here as well.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.2.5920.623 on 22 June 1974. D
ow

nloaded from
 

http://www.bmj.com/

