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Jebttortals. 

GAS GANGRENE. 

NOTES on the diagnosis and treatment of gas gangrene with a suggested 
scheme for the Bacteriological Investigation of War Wounds have been 
published as M.R.C. War Memorandum No. 2. The memorandum has 
been prepared by the Medical Research Council War Wounds Committee 
and the Committee of London Sector of Pathologists, with the following 
objects in view :~-

(1) To provide a clear and simple synopsis of present knowledge of 
gas gangrene based on the clinical and pathological experience of the War 
1914-18,'and on more recent experience in Spain, in France and elsewhere. 

(2) To indicate in what directions existing knowledge of this condition, 
and of war wounds in general, most needs to be extended and how that 
extension may be most rapidly and effectively secured. 

(3) To lay down a detailed scheme fora combined clinical and bacterio
logical study of war wounds which may be adopted as a minimal procedure 
by any hospital or bacteriological department willing to co-operate in this 
investigation. . 

The Committee consider that selected groups of clinical and laboratory 
workers should devote themselves to particular problems, and with this 
object four such groups have already been formed in the London Sector 
area. It is also thought to be highly desirable that arrangements should 
be ma~e in as many areas as possible for study along similar lines. Surgeons 
and pathologists encountering cases of typical gas gangrene and of less 
degree of anaerobic infection should make careful returns of all such cases 
upon the Army form and supplement which ha,:e been widely issued for 
the purpose. 

Analysis of th~ data so obtained would be a useful complement to the 
findings of thClse hospitals where a more intensive attack upon particular 
problems is planned. 

In Editorials and other papers we have already dealt with the main 
facts given in the papers on gas gangrene in the Official Medical History 
of the War, 1914-18. The experiences in Spain have also been described 
and numerous papers printed on the .. ~reatment of the disease with the 
sulphonamide group of drugs We h~ve also described the experi.ments of 
Legroux and his results obtained with sulphonamide. In the M.R.C. Report 
there is an introduction, then follows Section II dealing with the bacteri-
010gy of gas gangrene and clinical diagnosis. 

The causal organisms of gas gangrene are spore-bearing anaerobic bacilli 
belonging to the Clostridium group. 'The micro-organisms commonly met 
in order of frequency are: Cl. welchii, Cl. septique (Vibrion septique) and 
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Gas Gangrene 317 

Cl. 03dematiens. These bacteria produce their effect by local invasion and 
intoxication of the tissues, particularly the muscles leading to necrosis. 
All three types, particularly Cl. 03dematiens produce an active toxin. 'In 
addition, less pathogenic types of Clostridium may be present, such as 
Cl. tertium, Cl. sporogenes and less frequently Cl. histolyticum, .and Cl. aero
fa:lidum. Usually several species of Clostridium are present together in 
anaerobically infected wounds. Occasionally a single species may be present. 
Cases of gas gangrene in which only one species of anaerobe can be found 
usually yield Cl. welchii: this organism plays a role of major and perhaps. 
primary importance in gas gangrene of the human tissues. In mixed 
infections Cl. welchii and Cl. sporogenes are commonly found together. 

It is pointed out under clinical diagnosis that gas gangrene is a clinical 
conception. In the last war and in this war Clostridia have been found in 
large quantities in wounds that at no time have shown signs of gas gangrene. 
The clinical diagnosis may be confirmed by the identification of Clostridia 
in the wound, especially if they predominate in the specimen or swab, but 
the disease should not be diagnosed on bacteriological data alone. The 
conditions in .a contaminated wound that result, on the one hand, on mere 
local infection and on the other in spreading gas gangrene, are not fully 
understood, but infection is more readily established in wounds containing 
necrotic tissue. 

From the bacteriological point of view gas gangrene may be controlled 
in two distinct ways: (1) Anti-bacterial (removal of pabulum and intro
duction of bactericidal substances), and (2) antitoxic measures. Antisera 
capable of neutralizing the toxins of Cl. welchii, Cl. septique and Cl. mdema
tiens are available, but these agents have no direct action on the bacteria. 

Since the war 1914-18 knowledge of the Clostridia group of bacteria 
has advanced considerably. The diffusible toxins are better defined and 
more powerful antitoxic sera are available. Both in vitro and in vivo many 
of the bacteria are susceptible to the action of drugs of the sulphonamide 
group. Experimental data suggest that the most effective control of fully 
developed gas gangrene may be obtained by the combined use of surgery, 
sulphonamide chemotherapy, and antitoxins. Indications of the best line' 
of treatment will probably come from the records of cases in which thera
peutic measures based on a definite plan have been carefully checked. by 
repeated bacteriological investigations. 

In a typical case of gas gangrene the onset is acute-and in a few hours 
the patient may be in extremis. Cases have been recorded in which estab
lished gas gangrene was present within three-and-a-quarter hours of 
wounding. The fact that the onset may be delayed four or five days does 
not diminish the possibility of a severe infection. 

The commonest site is muscle, usually a single muscle or group of muscles. 
The infection usually spreads longitudinally up and down the wounded 
muscles from the site of the lesion and has little tendency to spread from 
one muscle to another. A whole limb may be affected if the blood supply 
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318 Gas Gangrene 

has been interfered with. Gas gangrene may occur primarily in subcu
taneous or areolar tissue where there has been extravasated blood. The 
best example of this is a very fatal retroperitoneal infection occurring as 
the result of tangential wound of the abdomen without visceral injury. 

The most important symptoms are: Rapid pulse; vomiting, may be the 
first suspicious sign of the onset of infection; pain; pyrexia; general 
appearance of the patient, when toxremia is severe the skin becomes muddy 
in colour and may even suggest a mild jaundice. If the wound is of the 
open type the surface is dry, later exudate dark in colour and extremely 
offensive appears. The smell of these wounds is characteristic; when the 
dressings are removed the smell is not unlike that of acetyline gas. If the 
wound is of the penetrating type, the point of entry being plugged with 
extruded muscle, the following signs may be present: swelling of the limb; 
crepitation due to escape of gas from subcutaneous tissue through holes in 
the deep fascia. The area involved may not correspond to the area of 
infection of the deeper tissues. Crepitant subcutaneous tissue is not 
necessarily infected and amputation flaps may be fashioned from skin 
and fascia where crepitation has been noted; the flaps should not be 
sutured. A tympanitic note on light percussion is always present in massive 
gangrene. 

The skin changes are very variable and· do not correspond to the infection 
in the underlying muscles; apparently healthy skin may be lying over 
seriously infected muscle. As swelling increases the skin becomes dirty 
brown, then mottled purple patches appear, finally greenish yellow areas 
in which blebs form. 

In retroperitoneal infection a peculiar bronzing of the skin overlying 
the infected area has been noted. 

At operation certain muscle changes may be observed: . (1) the normal 
purplish-red changes to brick-red. Contractility is lost and the muscle does 
not bleed. Gas bubbles may be seen or crepitation may be felt in the 
muscle, the fibres of which stand out more prominently and are friable; 
(2) the brick-red colour changes to olive-green, the muscle is more friable al}d 

·tends to break up on handling; (3) the muscle becomes greenish-black, 
is glistening and softens to a pultaceous mass. 

This description of muscle changes applies in the main to Cl. welchii or 
to mixed infections in which Cl. welchii or Cl. septique are contributing. 
It may be qui,te inapplicable to the rarer forms of gangrene due to Cl. mdema
liens or Cl. septique where the predominant features may be toxic cedema 
with absence of gas, and only an extreme hyperremia of muscle with no 
necrotic change. 

In the superficial muscles such as the sartorius and biceps humeri, the 
change between normal muscle and infected brick-red, non-contractile 
muscle can be very clearly seen. The line of demarcation is lighter in 
colour, and a ridge may be palpable between healthy and infected tissue. 
The ridge is due to. the initial swelling of the muscle in the early stages of 
infection. 
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· Gas Gangrene 319 

Gas bubbles may be seen in X-ray films taken before operation. But 
gas may be shown apart from the existence of gas gangrene and its extent 
often has no relation to the clinical state. 

It has been pointed out in numerous ·articles in the Journal that gunshot 
w.ounds are nearly always contaminated by bacteria and infection of the 
tissues bordering on the track occurs after a lapse of four to eighteen hours. 
Excision of the contaminated wound should be performed at the earliest 
opportlIDity. Through and through wounds, especially those made' by 
bullets, can usually be left alone; excision is unnecessary. 

When a wounded man comes under observation at a later period the 
chief aim of the surgeon is to provide free drainage by appropriate incisions. 
But if there is any suspicion of gangrenous infection of muscle the wound 
must be widely opened up and muscles affected must be ruthlessly excised. 
The technique of wound excision is then described in the Memorandum. 
It is much the same as the description given by Roux and Leriche which 
was published in the Lancet on February 3, 1940. Roux describes four 
stages. We gave a short extract from their paper in the March Journal. 
The War Wound Committee state after disinfection of the skin with soap 
and water followed by spirit and ether, surgical incisions which aim at 
debridement should be made parallel to the axis of the limb. If skin 
requires removal not more than a few millimetres wide should be excised. 
In facial injuries skin should never be sacrificed. The tissues of the wound 
are excised with a sharp knife or scissors, particular attention being given 
to bruised tags of fascia and to the muscles in proximity to the wound
track. Wide excision of muscles must be made if there is change of colour, 
loss of contractility on mechanical stimulation, or failure to bieed. Intra
muscular spaces containing blood must be opened up and blood and blood
clot removed. Deep fascia should be freely divided in the long axis of the 
limb in order to permit subsequent swelling of muscles without strangulation 
and impairment of blood supply. Detached fragments of bone should be 
removed. Great caution must be exercised not to remove too many loose 
fragments lest the stability of the limb be imperilled. In gunshot fractures 
due to impact of the missile against the bone the risk of infection is trivial, 
but if the wound-track traverses the bone infeotion is inevitable unless the 
skeletal injury is thoroughly treated and the medulla adequately opened up. 
All retained foreign bodies must be removed. It.is preferable to excise 
one or more strips of muscle longitudinally rather than cut across some 
important muscle. Important nerve and vascular structures must be 
preserved. The greatest care must be taken to preserve intact vessels 
that reme.in patent. Injury to nerves may end in life-long disability. In 
no circumstances should muscles, fascire or deep layers of the wound be 
sutured with catgut. The propriety of primary suture of the skin will 
depend on the experience of the surgeon, the interval between the reception 
of the wound and time of operation, and the prospect of early transportation. 
If there is any doubt about the harmful effect of these contingencies the 
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320, Gas Gangrene 

skin is best left unsutured. The growing use of .the sulphonamide drugs 
and an increasing appreciation of the value of plaster of Paris as perhaps 
the best means of ensuring rest and of facilitating transport, may in the 
future modify surgical caution in, the matter of primary suture, but the 
special experience of the ,surgeon is thought to count the most. 

The prophylactic treatment of gas gangrene is stated to be treatment 
at any time between th€ receipt of the wound and the onset of symptoms. An 
essential part of such treatment is the surgical procedure of wound excision; 
other measures include the injection of polyvalent gangrene antitoxin and 
the use by the mouth and locally of drugs of the sulphonamide group. 
The prophylactic dosage of polyvalent serum is as follows: 3,000 inter
national units Cl. welchii antitoxin, 1,500 international units Cl. septique 
antitoxin and 1,000 international units Cl. mdematiens antitoxin given either 
intravenously or intramuscularly. ' 

The following methods of prophylaxis by sulphonamide or sulpha
pyridine have been proposed. Oral: First dose 1·5 grammes of either 
compound dissolved in hot I per cent citric acid or hot lemon juice in order 
to get rapid absorption. Subsequent doses starting two hours later and 
continuing at four-hourly intervals for four days, should be 0·5 gramme as 
an uncrushed tablet in order to delay absorption. Dosage: first day 
4·5 grammes; subsequent days 3 grammes: total 13·5 grammes. 

Local application: 5 to 15 grammes of sulphonamide or sulphapyridine 
may be packed into the wound at the time of debridement or the drug 
may be blown into the wound by an insufflator with the object of exerting 
a bacterioscopic effect. Local applioation should be used sparingly in the 
case of wounds involving the brain as these chemicals have been found to 
act as foreign bodies in contact with nerve tissue. 

Treatment of gas gangrene by surgical means has already been given. 
In addition to surgery, Henderson and GoreI' have shown that the best 
available treatment for the established disease is probably a combination 
of antitoxin and of chemotherapy with sulphonamide or sulphapyridine. 

The therapeutic dosage of polyvalent antitoxin,is as follows : 7,500 
international units Cl. welckii antitoxin, 3,750 international units Cl. sep
tique antitoxin and 2,500 international units Cl. rudematiens antitoxin, 
given intravenously and repeated as necessary while symptoms of toxremia 
persist. 

The therapeutic dose of sulphonamide or sulphapyridine should be: 
First dose 2 grammes dissolved in hot citric acid or hot lemon, subsequent 
doses after two hours and at four-hourly intervals for two days I gramme 
uncrushed. After the first two days the dosage should be gradually reduced 
as the clinical condition improves. Small doses, 3 grammes per diem, 
should be continued after the temperature has become normal and the 
clinical condition satisfactory. The total dosage should seldom exceed 
35 grammes. 

In cases where the surgeon has to operate on wounds already infected 
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Prevention of Tetanus 321 

with anaerobic microbes pre-operative administration of sulphonamide or 
sulphapyridine by the mouth and of antitoxin intravenously may prevent 
the spread of infection. The dose of the drug should be 3 grammes given 
two hours before the operation. 

The memorandum concludes with a suggested scheme drawn up by the 
London Sector Pathologists for the bacteriological investigation, of war 
wounds, with a brief description of the collection of specimens and the 

. methods of identification of the common pathogenic bacteria in war wounds 
-streptococci, staphylococci, and the gas gangrene anaerobes. 

PREVENTION OF TETANUS. 

IN the January number of the Journal, we wrote an Editorial on _the 
prevention of tetanus. We gave some figures for the incidence of tetanus 
during the 'war 1914-18, taken from papers by Sir. David Bruce, Sir 
William Leishman, and Colonel S.L. Cummins. The rapid fall in the inci
dence of tetanus after the issue of anti-tetanus serum is shown by the figures 
given by Cummins. In August, 1914, the ratio per 1,000 of cases of tetanus 
to total wounded was 8'5; in S{lptember, 8'8; in October, 7'4; in November, 
3'0; and in December, 1·5. The issue of serum on an adequate scale was 
made in October and November. In former wars the case mortality was 
85 per cent. In 1914-18 there were 1,254 deaths in the total of 2,529 cases, . 
amounting to nearly 50 per cent; this is probably an over-statement as 
regards tetanus, as many of the deaths were due to wounds. In order to 
get an idea of the real fall in mortality Cummins analysed the figures on 
the Western front and sorted them into two-yearly periods. In 1914-15 
the case mortality was 63·5 per cent; in 1916-17,45·2 per cent; ,in 1918-19, 
37·9 per cent. In 1936 the Director of Pathology pointed out that the 
supplies of serum were insufficient at the outset of the last war and forward 
arrangements should be made to ob~ain a satisfactory supply. Contracts 
were placed with the Serum Institute for supplies of antitoxin for the field 
units in the case of a major war. As four to six months are required to 
produce a satisfactory serum in a horse, arrangements were made with 
the Army Veterinary Service to pre-immunize horses, and from 1936 
onwards, for three years, 30 horses were available. On the outbreak of war 
14 horses were handed over to the Well come Serum Institute and 16 to 
the Lister Institute, Elstree. 

While prophylactic anti-tetanus serum accomplished much, it did not 
give absolute protection against tetanus; there were also the disadvantages 
of serum sickness and serum shock from the repeated injections of foreign 
protein. 

Recent years have seen the introduction of active immunization 
by the use of formol-toxoid. In 1924 Ramon found that toxin if treated 
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