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Risks of coronary arteriography

The indications for coronary arteriography, the choice of
technique, the risks of the procedure, and its costs all arouse
heated discussion. The arguments started in 1962 when coron-
ary arteriography was introduced by Mason Sones' at the
Cleveland Clinic-at a time when there was neither electrical
defibrillation on site nor a clinical application for the informa-
tion. Being able to see the detailed anatomy of the coronary
arteries provided the impetus, however, for the development
ofmodern coronary surgery and so made possible direct coron-
ary artery bypass grafting.

Sones's method requires brachial arteriotomy, and in 1967
Melvin Judkins introduced a percutaneous approach from the
femoral artery using preshaped catheters.2 This technique was
easier to learn, was quicker, and carried a smaller risk of local
arterial complications; it rapidly became popular. Both methods
-remain in use and have their vociferous adherents. An early
American survey of the complications of cardiac catheterisation
found that the risks of coronary arteriography varied greatly
among major centres, and the low mortality and morbidity
returned from Sones's laboratory at the Cleveland Clinic soon
led to a widely held belief that the Sones technique was the
safer of the two methods.3-5 Two publications6 7 on early
experience in British units with small series lent further
support to this assessment and also showed the high risks
associated with small numbers and the "learning curve."
Though these two reports bear no relation to modern practice,
they are still quoted.
By 1976 a British centre was able to review 1500 consecutive

cases and report only two fatalities in the last 1000 investigated
by Judkins's technique, and this report stressed the need
for strict supervision of the trainee operator.8 Very low
risks having now become the norm,9 10 recent controversy has
centred more on the indications,1' but a recent American edi-
torial has resurrected many misconceptions, including the
greater hazards of the femoral approach.'2 Medical audit is
rightly with us, but a commentary on risks written by a non-
participant from the distance of a "health policy programme"
quoting reports published years ago about experience even
longer past is not necessarily of current relevance. Much more
to the point is a paper from the American Collaborative Study
of Coronary Artery Surgery'3 based on 7553 consecutive
patients undergoing coronary arteriography in 13 participating
clinics between August 1975 and the end of December 1976.
Deaths and myocardial infarcts were included when they
occurred as long as 48 hours after coronary arteriography, and
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even when they followed coronary artery surgery carried out
within that period.
There were 15 deaths and 19 non-fatal myocardial infarcts,

including seven deaths between 24 and 48 hours after investi-
gation-two postoperative deaths and four infarcts which
developed during this later time period. Of the 1187 patients
studied from the brachial artery, six died (0.51%) and five had
myocardial infarcts (0.42%). Patients studied from the femoral
artery totalled 6328 with nine deaths (0.14%) and 14 infarcts
(0o22%). The risk of death was therefore 3-6 times higher after
study by the brachial artery approach than by the femoral
approach. The heightened risk of the brachial artery technique
was not found, however, in laboratories which used the brachial
approach in 80% or more of procedures.

All the patients who died had arteriographic evidence of
severe coronary artery disease, and all but one of these patients
had stenoses equal to or in excess of 70% in all the major
arteries. Clinical features associated with increased mortality
were multiple premature contractions (relative risk 6.8),
congestive heart failure (5.3), and hypertension (4.2). The
angiographically determined characteristics which increased
the risk were the presence of three-vessel disease (15.6), left
main coronary artery stenosis (6.8), and poor left ventricular
function with an ejection fraction of less than 3000 (9.0). Steno-
sis of the left main coronary artery deserves special comment
because two earlier reports4 14 showed an associated mortality
of 15% and 10%. Two more recent series have recorded that
most of the fatalities occurred in patients with stenosis of the
left main coronary artery: eight of 1 1 deaths in one series and
46% of the deaths in another.'5 16 The American collaborative
study included five deaths in patients with stenosis of the left
main coronary artery, one catheterised by the femoral artery
technique and four by the brachial artery technique. The 900
incidence of left main coronary artery stenosis was slightly
higher than in other reports, and the authors suggest that this
may have resulted from improved detection through superior
imaging and the use of angulated views.
The conclusion to be drawn is that the increased risk con-

ferred by stenosis of the left main coronary artery by itself has
been overemphasised. Most patients with this feature have
the most advanced disease in the main vessels, which itself
puts them in the highest risk group.

Local arterial complications, either thrombosis requiring
surgery, dissection, or rupture, occurred in 56 patients (0.7 %).
The incidence was 1.9% in brachial procedures,compared with
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0 2% in femoral procedures, a very important difference (p <
0.001). Heparinisation did not reduce the risk either of throm-
bosis or of embolisation.
The increased risk of death found in the American collabora-

tive study to be associated with the brachial artery technique
of arteriography was an unexpected finding. Comparison of
possible risk factors in the patients studied by the two tech-
niques showed that they were comparable in every respect
(apart from peripheral vascular disease, which was not found
to be a significant risk factor for postarteriography death).
Furthermore, in every patient who died after a brachial artery
procedure a Sones-type catheter rather than a preshaped cathe-
ter had been used, so that the deaths could not be attributed to
abandonment of the "classical" Sones technique.

Nevertheless, the overall risk of coronary arteriography was
reassuringly low-only two in 1000-and deaths were confined
to patients with the most severe disease. These patients who
died were living at high risk; their doctors would not have been
surprised by sudden death or myocardial infarction had it
occurred at any other time than the 48 hours after coronary
arteriography. The existence of advanced coronary artery
disease or of poor left ventricular function is usually clinically
predictable and the indications for investigation ofsuch patients
tend to be strong: severe disability and a poor prognosis.
Critics who castigate the "need to know" indication for coron-
ary arteriography should, perhaps, recognise that at least it
carries almost no risk to life and a minimal risk of local arterial
complications if the femoral approach is used.
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In pursuit of excellence
In September 1880 two American pharmacists working in
London established a partnership which has endured for 100
years because ofa unique combination ofcommercial enterprise
and innovative research and development.' Silas Burroughs
(1846-95) was an extravert with progressive political ideas and
a technical skill in promoting new products; he died at the
height of his career. Henry Wellcome (1853-1936) came of
frontier stock and was reserved and religious, but he had a
driving ambition for perfection. Burroughs Wellcome
pioneered enlightened employment in its factory at Dartford,
high-quality pharmaceutical products, and an interest in the
health of developing countries. The tabloid trade mark, regis-
tered in 1884, soon became known world wide as a symbol of
reliability. Two popular laxatives were known as Livingstone
Rouser and Forced March. By 1924 there were nine associated
companies in different countries, and these were amalgamated,
together with the various research institutes and museums,
into the Wellcome Foundation Limited. A quarter of a million
pounds was spent on building the Wellcome Research Institu-
tion in Euston Road, which was opened in 1932 to house
Wellcome's historical medical collections.
Between the wars the company's fortunes were somewhat

depressed, and when Sir Henry Wellcome died in 1936 there
was a shortage of money to set up the Wellcome Trust, a
grandiose scheme on which he had been working for many
years. The skill ofthe trustees and successful wartime contracts
overcame these temporary difficulties, and by 1979 the trust
had spent £56 million on medical and scientific research.
It is now the largest of the British charities which support
research, and the range of its activities has been extraordinarily
wide. It began by financing the building of laboratories and

the purchase of expensive technical equipment and then
moved into extensive research in veterinary and tropical
medicine. Later still, senior clinical research fellowships,
travel grants, and exchange fellowships were established, and
topics as different as mental health and the history of medicine
were supported with money and-equally important-ideas.

Finance came from a drug company which was imbued with
its founders' desire to relieve suffering and to promote ex-
cellence. Research was carried out by able men-at first into
plant alkaloids and then during the first world war into synthe-
tic drugs; at the same time others were solving the practical
problems of marketing and distribution. A meeting with the
explorer H M Stanley, for example, led to the production of
medicine chests for travellers, and a floating laboratory was
designed for use on the Nile. The impressive achievements of
the Burroughs Wellcome laboratories both here and in the
United States include diphtheria antitoxin, the first sulphone
derivatives, large-scale manufacture of insulin a year after its
discovery, the isolation and purification of digoxin exactly
50 years ago, many products for veterinary and tropical medi-
cine, the early antimetabolites, allopurinol, Septrin, and now
interferon. Some of the most eminent scientists have worked
for the company, and one of them, Sir Henry Dale, was awar-
ded the Nobel prize for work on the chemical transmission of
nervous stimuli, which stemmed from early research on ergot
alkaloids. The first physiological research laboratories set up in
1894 had a team of 12, of whom no fewer than seven became
Fellows of the Royal Society.

Burroughs Wellcome now has 65 subsidiary and associated
companies employing 18 000 people, with world-wide sales
of £400 million a year. The current research budget is £40
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