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wvery fatal retroperitoneal infection occurring as the result of tangential gun-shot
-wounds of the abdomen without visceral injury, As indicated in the previous section,
lesser degrees of anaerobic wound infection, unassociated with the toxaemia of
‘true gas gangrene are common ; such wounds may be foul and exhibit gas bubbles,
and from many of them Clostridia may be isolated. The prognosis, however, is
relatively benign compared to that in true gas gangrene of muscle,
The most important clinical features of g:frelnping or established gas gangrene

SATE —

~ Rapid pulse : a rising pulse rate in a wounded man, who has recovered from the
initial shock and who is not suffering from continued haemorrhage, is highly
?ﬁmﬂt The onset of the infection can be differentiated from the rapid pulse

shock by observations on the blood pressure, which is not lowered to nearly the
same extent in gas gangrene as in shock; indeed, in gas gangrene the blood pressure
may be normal or even slightly raised in the early stages,

Vomiting, although absent in many cases, may be the first suspicious symptom
at the onset of the infection. In severe toxaemia vomiting may be a marked feature,

Pain may be a prominent symptom at the onset, as a result of pressure caused
by the gas and exudate ; it usually ceases when gangrene en masse has developed.

exia is usually present in the early stages; a subnormal temperature is the
rule in severe toxaemia.

The general appearance of the patient shows nothing special in the early stages,
apart from the flushed face of fever; but as the infection progresses the patient
becomes anxious and alert. When toxaemia is severe, the skin becomes ** muddy "
in colour and may even at times suggest a mild jaundice.

~ The wound, if of an o type, with exposed muscles, presents the following
features. The surface is drp}?n as ﬁhulc, though some small afnmmt of thin exudate
may escape from beneath the skin edges on gentle pressure; in this exudate gas
bubbles may be seen. In the later stages the exudate becomes greater in amount,
dark in colour, and extremely offensive. The skin and muscles may show the
colour and other changes described later, but these are never so distinctive in an
ﬁ wound exposed to the air. There is a characteristic smell associated with

iese wounds, which can be detected before the dressings are removed : this smell
is not unlike acetylene gas in low concentration.

When the wound is of the penetrating type, the point of entry being plugged by
extruded muscle, the following signs may be present :—
1. Swelling of the limb : this is well marked in massive infections and is universal;
in infections of single muscles or muscle groups the swelling is much less apparent
and may be localised at first to the affected area.
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2. Crepitation from escape of gas into the subcutaneous tissues through holes in
the deep fascia is frequently detectable, but is not constant. Extreme swelling of
a muscle prevents the escape of gas through the fascial sheath, It must be realised
that the spread of gas bubbles in the subcutaneous tissue, when it occurs, is rapid
and that the area involved does not correspond to the area of infection of the deeper
tissues. Crepitant subcutaneous tissue is not necessarily infected, and amputation
, can sometimes be fashioned, with safety, from skin and subcutaneous tissue
in which crepitation has been noted. When this is done, however, the flaps should
not be sutured.

3. 4 fympanitic note on light percussion is nearly always present in cases of
massive gangrene, and may be detected on careful examination in the localised and
group types of infection if the affected muscles are superficial,

4. The skin changes are extremely variable, and it is important to realise that the
skin changes do not correspond to the extent of the infection in the underlying
muscles; the extent of skin affected is usually less than that of infected muscle
tissue, and apparently healthy skin may be lying over seriously infected muscle.
In the early stages there are no marked changes in the appearance of the skin, apart






Tecuxigue or Wounp-Excision

The wound has probably been protected by some form of first-aid dressing;
the region is now exposed, clothes and bandages cut off, and the skin cleansed
W an extensive area around the site of injury. Soap and water will doubtless be

, followed by ether or spirit; some variety of antiseptic solution may be
aplﬂled to the surface of the skin around the wound.

Skin rarely requires removal and can usually be adequately and efficiently cleaned
tiﬂmut recourse to ablation. Should it be necessary to remove any skin at all, a

rip not more than a few millimetres wide should be excised. In facial injuries,

kin should never be sacrificed.
- There must be no hesitation about liberally enlarging the skin-wound in order
to secure an efficient exposure of the deeper structures. The necessity for vigorous
retraction betokens inadequacy of exposure; anything but the lightest retraction is to
be deprecated. Surgical incisions which aim at débridement should be made parallel
with the axis of the limb.

The tissues of the wound are now excised with a sharp knife or scissors, particular
attention being directed to bruised tags of fascia and to the muscles in proximity
to the wound-track. Any alteration in the appearance and colour of the muscle,
k‘m of contractility on mechanical stimulation, or failure to bleed demands wide
excision of this most vulnerable tissue. Intermuscular spaces containing blood
must be opened up, and blood and blood-clot should be removed, since these
constitute an ideal pabulum for bacterial growth. Deep fascia should be freely
divided in the long axis of the limb in order to ndPeHNt subsequent swelling of muscles
without strangulation and impairment of blood supply.

- Fragments of bone which are completely detached are best removed; they act
-as foreign bodies, and in the event of infection will indubitably necrose and become
SeqL . At the same time, great caution must be exercised not to remove too
- many loose fragments, lest the future stability of the limb be imperilled. Thereis a
. vast difference in prognosis between gun-shot fractures due to mere impact of the
missile against the bone and those where the wound-track actually traverses the
‘broken structure; in the former type of i m]urfy the risk of infection is trivial if an
efficient excision of the soft parts has been performed ; in the latter, infection of the
‘bone is inevitable, unless the skeletal injury is thumughl}r treated and the medulla
nﬂnquately npened up. If damaged or doubtful bone requires removal, this must be

effected by means of careful and skilful use of a rugine; vigorous tearing at parﬂa.!]g,r

detached fra ts must never be practised, lest valuable and viable bone be
wantonly a.ug eedlessly sacrificed.
 No excision of a gun-shot wound is complete without the removal of all retained
ﬁgmg:n bodies, e.g. fragments of high-explosive bombs or shells, clothing, mud, dirt,
ete. The employment of pre-operative radiography will often shorten the time spent
over an operation of wound-excision, and reference to an X-ray film in the operating
theatre is an invaluable aid to the surgeon in ensuring the removal of all fragments
of metal, estimating the nature of damage to bone, etc.

In wound-excision the surgeon must not be oblivious of the future function of
the anatomical region with which he is concerned : it is preferable to excise one or
more strips of muscle longitudinally, even in the same muscle or group of muscles,
rather than to cut ruthlessly across some important muscle, perhaps needlessly
sacrificing at the same time much healthy muscle-tissue.

The preservation of important nerve and vascular structures is of the utmost

ce, and neglect to act on this principle deserves the gravest condemnation ;
ad&quate exposure these tissues can be thoroughly cleansed. The greatest
care must be taken to preserve intact the vessels that remain patent; wvascular
occlusion may determine non-infective or infective gangrene. Injury to nerves
may end in hifelong disability.
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- for four days, should be 05 gramme (1 tablet) as an uncrushed tablet in order to
- obtain delay in absorption. Dosage: first day 4-5 grammes; subsequent days,
8 grammes; total 13-5 grammes,

Note, If the beginning of treatment has been unduly delayed or if the clinical
-condition gives reason to fear that gas gangrene is already beginning, therapeutic
doses, as below, should be given.

(b) Local application : 5-15 grammes of powdered sulphanilamide or sulpha-
pyridine may be packed into the depths of the wound at the time of débridement, or
the drug may be blown into the wound with an insufflator, with the object of exerting
a bacteriostatic effect. (The local application of the sulphonamide drugs should be
‘used sparingly in the case of wounds involving the brain, as these drugs have been
found to act as foreign bodies in contact with nerve tissue.)

TREATMENT OF GAS GANGRENE

The surgical treatment of commencing or established gas gangrene has been
briefly discussed at pp. 4-6. Recent laboratory experiments (e.g. Henderson and
Gorer, J. Hyg., Camb., May, 1940) have indicated that the best available treatment, in
addition to surgery, for the established disease is probably a combination of anti-
toxin and of chemotherapy with sulphapyridine or sulphanilamide. The serum
and the drug would seem to have a synergic action, the former neutralising the
bacterial toxin, while the latter exerts a bacteriostatic effect on the organism
itself, thus enabling the body’s natural defences to come into play. This com-
‘bined method of treatment is therefore recommended, and it is very desirable that
detailed and accurate records should be kept of cases so treated. The requisite
procedure involves administration at the earliest possible moment of gas-gangrene
antitoxin in adequate dosage, preferably by the intravenous route, together with
;uel]lﬁ doses of sulphapyridine or sugrphanﬂmnidﬂ by the mouth or otherwise, as indicated
W,

The therapeutic desage of polyvalent antitoxin which has been recommended is
as follows : 7,500 international units CI. welchii antitoxin, 3,750 international units
CL septigue antitoxin and 2,500 international units Cl. oedematiens antitoxin, given
intravenously and repeated as necessary, while symptoms of toxaemia persist,
Monovalent antitoxins are available for more intensive therapeutic use in cases
where the organism has been identified.

For the therapeutic use of either sulphapyridine or sulphanilamide for gas
gangrene, the following dosage is suggested :—

The first dose should be 2 grammes (4 tablets) dissolved in hot citric acid solution
or lemon. Subsequent doses, starting two hours later and continuing at four-hourly
mtervals for two days should be 1 gramme (2 tablets) uncrushed. After the first
two days the dosage should be gradually reduced as the clinical condition improves,
but the interval between doses should not be more than six hours for several days.
Small doses, e.g., 3 grammes per diem, should be continued for three or four days
after the temperature has come to normal and the clinical condition has become
satisfactory. The duration of treatment and the total dosage will vary somewhat,
but the latter should seldom exceed 35 grammes.

In cases where the surgeon has to operate upon a wound in which anaerobic
infection is already established, pre-operative administration of sulphapyridine or
sulphanilamide by the mouth, and of antitoxin intravenously, may be useful in
geu;mting spread of the infection. In these circumstances the first dose of the

rug should be 3 grammes, and it should, if possible, be given 2 hours before the
operation, so as to secure a high concentration in the blood at the time when the

wound is disturbed.
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SUGGESTED SCHEME FOR THE BACTERIOLOGICAL INVESTIGATION OF
WAR WOUNDS

h- By the Committee of London Sector Pathologists
~ The bacteriological examination of wounds resulting from war injuries is required
| in the light of modern knowledge :—
| (a) To provide more precise information about infections so often associated
| with these wounds, especially the anaerobic infections.

~ (b) To supplement clinical data as to the effects of various methods of treatment
‘upon these infections,
€) To secure further data as to the importance of cross infection by streptococci
d other organisms) in hospital wards; and as to how these may be controlled.

METHOD OF COLLECTION OF SPECIMENS

 Owing to the ease with which specimens can be taken on swabs it is recommended
that this method be adopted as a routine. The most suitable swab for theatre work
one mounted on a wooden applicator cut to 5 inches in length and wholly enclosed
de a sterile tube plugged with cotton wool. At the operation an attendant can
nove the plug and tip out the end of the swab stick, thus allowing the surgeon
take the specimen and replace it in the tube without impairing his sterility, The
endant would then plug the tube, label it, and despatch it to the laboratory.

‘While the use of a swab is the easiest method, it is some advantage, where possible,
pus to be collected in a test tube or a capillary pipette, as this allows of a more
sfactory microscopical examination.

s TIME OF COLLECTION OF SPECIMENS

~ The first specimen should be collected at the commencement of the operation, in
. order to ascertain the nature of the primary infection.

- Another specimen should be taken at the time of the first complete dressing.
'._-“':i*.ﬂ'ther specimens should be taken at weekly intervals.
~__This procedure will enable the course of the infection to be ascertained, and the
“incidence of hospital infection to be determined.

~ In cases receiving special methods of treatment (e.g. by the sulphonamide drugs)
mgns should be taken more frequently, and the treatment be checked by as
det: bacteriological examination as possible, following the methods outlined

-

PROCEDURE

L. Microscopic examinations of films of material from the wound. Gram stained
films should always be examined.” They may give immediate information to the
-surgeon as to the general nature of the infection, and also indicate to the bacteriologist
‘suitable special methods of culture.

2. Cultural methods. It is recommended that the following cultures be made :—
{a) Aerobic blood-agar plate of unheated pus. :
(b} Anaerobic blood-agar plate of unheated pus (incubated in McIntosh &
Fildes jar).
- The anaerobic plates should be well dried before incubation, to prevent the
‘undue spreading of anaerobic colonies.
An indicator tube should always be placed in the anaerobic jar (see Appendix 6).

: {c;ll Litmus milk for the detection of Cl. welchis. The milk tubes should be
boiled to expel any air; and, on cooling, they should be thickly inoculated from the
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Note 1. 1f fermentation tests are made, it should be noted that some indicators,
1 as Andrade’s, may be irreversibly decolorised in the anaerobic jar. Tubes

wing no apparent increase in acidity after anaerobic incubation should be tested
h a drop or two of fresh indicator.

g Nﬂiﬂ. 2. Il is emphasised that the presence of Cl. welchii in a wound is not
essarily an indication of gas gangrene ; this organism is present in the cavities of
- mndsofpﬂmknﬂsq#‘mugﬁmtﬁﬂd:m&

Note 3 (Streptococei). Observations on wounds in the present war have confirmed
experience that streptococci may be found in anaerobic cultures which do not
z=ar on aerobic blood agar plates. While some of these are true anaerobes,
nany are cocci which, when first isolated, will not grow aerobically but which soon
ome acclimatised and grow readily in open tubes and plates.
The true anaerobic streptococci should be investigated as to cultural reactions—
estion of albumen, production of foetid odour, sugar reactions—and as to
hogenicity for animals. Where possible, cultures should be maintained in Robert-
'5 ‘meat medium for future study. It is suggested that a microscopical
ation of the original meat culture should be made after some 3 days incuba-
{ﬂus also gives valuable information as to the spore-bearing anaerobes present),
1i streptococci are seen which did not appear in the culture plates, further
ares should be made on blood “m:a.gar anaerobically. Streptococcal colonies which
may then be subcult into “sloppy " glucose-agar (glucose-broth
aining 0-1—0-2 per cent. agar),

4 Aerobic Plate Cultures

| Haemolytic streptococct @ These should be isolated and tested for soluble haemolysin
for method, see Appendix 1). If soluble haemolysin is present, aerobic or anaerobic
cultures may be sent for grouping and typing to:

. Dr. F. Griffith,

|
I

&
&
&

2 4 Research Laboratory for Streptococcal Infections,
Ii Ravenscourt Square, London, W.6. ,
L4 (Telephone No.: Riverside 2174.)

- Staphylococei : These should be isolated and the coagulase test performed (for
od, see Appendix 2).

 Other organisms : The presence of other organisms should be recorded.

" Relative numbers of different bacteria present. From the primary microscopical
‘examination, and from the aerobic and anaerobic cultures, some indication of the
relative numbers of the different bacteria present should be recorded in all cases.

Records. It would be an advantage if in each laboratory a special book were
2pt for recording cases of wound infection ; in this, in addition to the bacteriological
, there should be noted for very case :(—

(@) The nature of the wound.
(b) The time after injury that each swab was taken,
(¢) Particulars of therapy, local and general.

APPENDIX 1

MetTHOD oF DETECTING SOLUBLE HAEMOLYSIN

 The streptococcus is grown in 15 per cent. serum broth for sof more than 15 hours (cultures
llﬁy be put in the incubator last thing at might and tested first thing next morning). Equal
of the culture and 5 per cent. washed horse corpuscles are mixed and incubated in a
'hath at 37°C, Ii’a,emg].}rg.n with group A streptococei usually occurs within 15 minutes.
are made in one hour. Complete haemolysis is produced by Groups A, C and G.

p B streptococci tend to give incomplete haemolysis,

Tha_mhﬂrl corpuscles will keep well in a refrigerator for several days,












