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This paper reports a case of fatal gas gangrene complicating a
simple therapeutic injection of adrenaline mucate given in a
hospital ward.
Touraine and Gautier (1936) went to considerable lengths to

conceal the identity of their patient in a case similar to the one
which we are reporting, and in all probability the fear of
litigation has inhibited the publication of other reports. In
fact, the description of this case has been delayed because a
colleague originally vetoed publication. It should be emphasized
that this patient died some years ago, in another place, and
was in no way connected with the towns where either of us
now practise.
The development of central sterile supply departments and

the more recent introduction of disposable sterilized equipment
have greatly reduced, but by no mean eliminated, the risk of
infection, which can be introduced by injections (Cayton and
Morris, 1966).

It is highly probable that the present patient would still have
died even though the syringes and needles used to treat him
had been prepared in accordance with the techniques employed
now, many years after the tragedy.

Case Report
A 22-year-old man was admitted to hospital with severe status

asthmaticus. During the first 18 hours treatment consisted of
intravenous injections of aminophylline followed by intramuscular
aophylline, Hyperduric adrenaline, and Gardenal sodium
(phenobarbitone sodium).
On the morning of the second day he was very much better,

though he complained of some pain in the lower lumbar region and
both buttocks. The consultant physician in charge of the case
examined the patient, paying special attention to the buttocks, which
had been the site of some of the intramuscular injections. He
found-no evidence of an inflammatory reaction or of focal tenderness.
The patient's improvement was maintained throughout that day
and evening, though he still complained intermittently of low back
pain.

Early on the morning of the third day he became very restless
and appeared to be ill. He was found to have acute peripheral
circulatory failure, the blood pressure being unrecordable. There

was a diffuse swelling over the right buttock and the lateral aspect
of the upper third of the right thigh. Palpation of this swelling
revealed obvious crepitus. Gas gangrene infection was diagnosed
and the appropriate treatment instituted at 08.30 hours. This
included intravenous anti-gas-gangrene serum, penicillin, and
noradrenaline transfusions. Initially 1,000,000 units of penicillin
was given intramuscularly and 500,000 units intravenously.
One hour later the patient showed no evidence of response, so

200 mg. of hydrocortisone and a further 500,000 units of penicillin
were added to a glucose drip. In spite of these measures he died
at 12.30 hours-that is, four hours later. In retrospect, it is
important to note that he had been incontinent of faeces on
admission to the ward.

Necropsy was performed by Dr. G. B. Manning (Home Office
pathologist) in our presence. The findings were of a classical gas-
gangrene infection which appeared to have arisen from a needle
track 2 in. (5 cm.) long in the muscle of the right buttock.
Subsequent histology confirmed the necropsy findings and also
revealed a generalized septicaemia due to Gram-positive bacilli.

Gram-positive bacilli were cultured from the needle track and
from subcutaneous tissue in the lumbar region as well as from the
patient's faeces. The colonial appearances, the cultural charac-
teristics, and the sugar and Nagler reactions of all three strains
were identical and typical of Clostridium welchii.
The cultures were sent to the Central Serological Laboratory,

London, for further investigation. The toxins produced by the
three strains were identical and consisted of alpha, theta, and kappa
toxins. The strains were therefore Cl. welchii type A.

Universal containers of Robertson's meat medium containing pure
cultures of the organism were left on the bench for some months
at room temperature. When the cultures were re-examined special
stains confirmed that spores had formed. In due course sterile
filter paper was impregnated with these spores and used for heat-
resistance tests.

Literature

The dangers of gas gangrene occurring in operating-theatres
is generally recognized (Brit. med. 7., 1967), but it is less widely
known that this infection can arise at the sites of intramuscular
injections.
Mabin (1936) lists 84 cases, none of them in the English

literature. The majority were reported from Germany and
Italy and there were 10 cases from France. Further cases have
since been published in the French literature by Touraine and
Gautier (1936), Lagrot (1938), Brocard (1940), and Ramond
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(1942). We have found only three reports in the British
literature (Harris, 1937; Cooper, 1946; Tonge, 1957).
Ramond (1942) pointed out the fulminating course followed

by cases due to injection, and stated that death usually took
place within 48 hours. This was certainly so in the case which
we are reporting. Lagrot (1938) stated that the statistics showed
a 94% mortality. Mabin (1936), reviewing 84 cases, pointed
out that one-third of these were associated with injections of
adrenaline, and that more cases of gas gangrene were associated
with the injection of this drug than with any other. According
to Mabin, in only 11 of the 84 cases which he had collected
was an organism identified, and in each case it was Cl. welchii.
In all subsequent reports which we have studied, where an

organism has been identified it has been Cl. welchii.
Experimental work by Cooper (1946) and by Evans, Miles,

and Niven (1948) has shown that adrenaline, administered intra-
muscularly, enormously enhances the danger of infection by
Cl. welchii.

Pallasse (1936), Touraine and Gautier (1936), Lagrot (1938),
and Ramond (1942) think that the Cl. welchii are of endogenous
origin, the organisms being present at the site of injection as
the result of a transient symptomless bacteraemia originating
from the bowel. There is, however, no evidence that such a
bacteraemia occurs, and both Brocard (1940) and Cooper
(1946) reject this theory.

In the case reported by Cooper the needle and syringe were

kept in spirit, and as it is known that Cl. welchii spores can

survive in 96% alcohol she thought that the syringes and
needles were the most likely source of the infection. The
syringe used for the fatal injections of adrenaline in oil in the
case reported by Tonge (1957) was kept in a solution of Dettol
in 70% alcohol in a special container, and boiled once a week,
though the needles, which were carried in a screw-capped con-
tainer, were boiled daily.

Discussion

In our case the syringe and needles were boiled for at least
five minutes just before each injection. Filter-paper impregnated
with spores cultured from the needle track germinated after
two minutes' boiling, but there was no growth after three
minutes at 1000 C. It was therefore thought that the normal
procedure then employed for sterilizing syringes and needles in
the ward had been adequate. Though this form of sterilizing
by boiling is not now acceptable (M.R.C., 1962) it was the
usual practice in hospitals at the time when this death occurred.

Tests were carried out in the wards very soon after the
tragedy, but no aerobic or anaerobic growth was obtained at
any time from the syringes or needles found there.

All the materials injected were prepared by well-known
pharmaceutical manufacturers, and it is most unlikely that the
infection originated from these sources. The only material
remaining for bacteriological examination was a rubber-capped
stock bottle of procaine and phials of Cardophylin (theophylline-
ethylenediamine) and of Hyperduric adrenaline in the cartons
from which phials had been taken for injection into the
deceased. The contents and external surfaces of all these glass
containers were cultured for Cl. welchii, but none grew.

The possibility that the infection originated from Cl. welchii
spores contaminating the skin cannot be easily dismissed. It
is known that these spores are often found on the skin of the
buttocks and thighs when they are present in the faeces, and
no practical method of cleansing will destroy them (Garrod,
1956; M.R.C., 1962). The fact that the cultures from the
patient's wound and faeces were similar supported the hypo-
thesis that the infection was due to inoculation of Cl. wdchii
derived from the patient's own faeces by an injection of Hyper-
duric adrenaline. This hypothesis could not be confirmed or
refuted, as all the strains of Cl. welchii concerned were
untypable.
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Shortly after the young man died two old men in the same
ward were found to have gas in the tissues at points where
injections had been made into the buttocks. Cl. welchii type A
was isolated from both these wounds. Neither of them showed
clinical evidence of gas gangrene. In both cases the infections
involved subcutaneous fat and not muscle. Both patients were
debilitated and were incontinent of faeces. It is our opinion
that the probable sources of infection in all three cases were
spores from the patients' own faeces.
Though all injection sites were infected with Cl. welchii

type A only one person, a robust young man, died. The other
two patients, both aged and feeble, appeared to suffer no serious
ill effects.
The fact that the fatal case alone was associated with injec-

tions of Hyperduric adrenaline is of crucial importance. The
vasoconstriction caused by adrenaline lowers the oxygen tension
to a point which enables anaerobic organisms to grow. Evans
et al. (1948) have shown experimentally that infection by Cl.
welchii, in particular, is greatly enhanced by the presence of
adrenaline at the site of injection. They concluded that the
injection of 2 ,ug. of adrenaline into the thigh muscles of
guinea-pigs enhanced such infection at that site 100,000 times.
In their experiments a simple solution of adrenaline was used.
In the case reported here at least 500 ,.g. of adrenaline was
injected, combined with mucic acid.
This association of Hyperduric adrenaline with Cl. welchii

bacilli is thought to have been responsible for the fulminating
course of this infection and for the fatal outcome of the case.

Hyperduric adrenaline is the trade name for adrenaline
mucate. It is thought that this form of adrenaline has been
produced by one firm only. It has recently been withdrawn
by the manufacturers for economic reasons, together with the
other Hyperduric preparations. It consists of adrenaline 0.1 %,
mucic acid 0.2%, NaCl 0.9%, phenyl mercuric nitrate 0.002%,
sodium metabisulphite 0.15 % and aqua pro inject. ad 100%.
Its prolonged action is due to hydrolysis of adrenaline mucate
within the tissues to release pharmacologically active adren-
aline. Equal volumes of adrenaline injection B.P. (1:1000)
and of Hyperduric adrenaline contain equal quantities of adren-
aline. That contained in the mucate is released slowly; activity
may be detected in 30 minutes and continue for as long as
eight or even 12 hours.
The effect of Cl. welchii and its exotoxins on adrenaline

mucate is not known.

Conclusions

Cl. welchii are ubiquitous and easily cultured from dust.
These organisms must often contaminate sterilized syringes

and instruments, yet reports of their causing trouble are few.
Cl. welchii are frequently cultured from wounds in which they
appear to be of little importance and certainly do not cause
gas gangrene.

Whatever the source of the bacteria, it was the presence of
adrenaline in the tissues which exacerbated the infection and
brought about the death of the patient. In the other two cases
the infection, also in the buttocks, had no significant effect on
the clinical progress.

The possible presence at the site of an intramuscular injec-
tion of spores on the skin is a hazard which still cannot be
eliminated. It is therefore our practice to avoid injections of
adrenaline into the buttock whenever possible.

Summary

A fatal case of gas gangrene is reported. It followed a
therapeutic injection of adrenaline mucate in a hospital ward,
and is thought to have been due to spores derived from the
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patient's own faeces which contaminated the skin and were
driven into the muscle by-the injection needle. They germi-
nated in the favourable environment induced by the adrenaline.
There is no adequate way of sterilizing the skin to prevent

such tragedies, so adrenaline injections should not be made into
the buttock.
The literature, mainly from Europe, is reviewed.

We should like to record our appreciation of the assistance given
to us by the late Colonel H. J. Benstead of the Central Laboratory
at Colindale, London. We are also grateful to Professor C. L
Oakley, F.R.S., for his advice and comments, to Mr. J. D. Bellis for
assistance with pharmacological data, and to Miss Sylvia Curwen for
typing.
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Preliminary Communications

Release of Platelet Factor 4 by Adenosine
Diphosphate and other Platelet-

aggregaig Agents

Berit. med. Y., 1968, 1, 746-747

Relatively little is known about the availability and physio-
logical significance of platelet factor 4, the antiheparin principle
in platelets. Platelet factor 4 may be a polypeptide or glyco-
protein of low molecular weight (Deutsch and Kain, 1961;
Poplawski and Niewiarowski, 1964). It seemed possible that,
like platelet factor 3, the platelet thromboplastic factor, it was
not immediately available in intact platelets and that release of
activity might be induced by platelet-aggregating agents such as
adenosine diphosphate, collagen, thrombin, adrenaline, and 5-
hydroxytryptamine, all of which are known to activate platelet
factor 3.
We have been investigating the antiheparin activity of human

platelets, and in this communication we report our observations
with platelet-aggregating agents which we have found to release
platelet factor 4 from platelets.

MATERIALS AND METHODS

Collection of Blood.-Blood was obtained from normal
human subjects by careful venepuncture and gently mixed with
1/10 volume of 3.8% trisodium citrate in a plastic bottle.

Platelet-rich Plasma.-The citrated blood was slowly centri-
fuged at room temperature to obtain plasma rich in platelets
but containing negligible numbers of red cells or white cells.
After removing the supernatant platelet-rich plasma, which was
transferred to a clean plastic bottle, the remaining blood was
centrifuged at high speed to obtain plasma poor in platelets.

Thrombin (Maws) was dissolved in a mixture of equal
volumes of normal saline and M/80 calcium to give the required
thrombin concentration.

Heparin (Weddel).-The working solution was made up in
normal saline from a stock solution of 10 mg./ml.

Aggregating Agents.-All wee dissolved in normal saline,
and the concentration was such that 0.1 ml. contained the
following amount of aggregating agent:adenosine diphosphate
(5 Ag.), adrenaline (100 pug.), or 5-hydroxytrypt n (500

ig.). Collagen obtained from bovine tendon was macerated
in normal saline; the milky supernatant obtained after allowing
the large fragments to settle out of solution was used. Thrombin
used in the aggregating experiments was added in amounts
which did not clot plasma (0.09 unit/0.1 ml.).

Detection of Platelet Factor 4 Activity..-The test system was
made up as follows: 0.2 ml. of platelet-rich plasma was in-
cubated with 0.1 ml. heparin (1 jug.) and 0.1 mL of test material
or saline for two minutes at 370 C. with gentle agitation. Then
0.1 ml. of thrombin (1.5 units) was added and the plasma
clotting-time was determined.

RESULTS

Availability of Platelet Factor 4.-It was found that the anti-
heparin activity of platelet-rich plasma (carefully collected and
handled) was little different from that of platelet-poor plasma-
that is, the prolongation of the plasma clotting-time produced
by a standard amount of heparin was about the same. How-
ever, breaking up the platelets by freezing and thawing the
platelet-rich plasma produced obvious antiheparin activity (see
Table). The changes in platelet-poor plasma were relatively
insignificant after freezing and thawing, and it is therefore
reasonable to assume that the platelets were responsible for
this antiheparin effect.

Effect of Freezing and Thawing and of Platelet-aggregating Agents on
Antiheparin Activity of Normal Huma Platelet-rich Plasma

Thrombin
Test System Time

(sec.)

Plasma (P P.P. or P.R.P.) without heparin . .12-13
P.P.P. + saline ..35
P.R.P. + , an..34

after freezing and thawing . 17
,, .-Collagen..- g..;' Each with 1 p~g. heparui 16

+ adenosine diphosphate (5 p g. 219
+ thrombin (0-09 u.) . . 21
+ adrenaline (100 ps.)..

24
+ 5-hydroxytryptamine (500 pg.) 23

P.P.P. - Platelet-poor plasma. P.R.P..- Platelet-rich plasma.

Effect of Platelet-aggregating Agnts.-It will be seen from
the Table that all the agents used made available or released
antiheparin activity, adenosine diphosphate and collagen being
the most potent. After removal of the platelets by fast centri-
fugation much of the released platelet factor 4 activity seemed
to remain in the supernatant.


