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9. It is desirable that napihthalene-creosote powders

hlould be supplied in sealed tins of a uniformly stmall
size, or of sizes suitable for the immediate requirements
of a convenient number of persons propo.sed to be treated
at one time.

10. In experiments with gases, sulplhur dioxide has
maintained its reputation as thie most efficient gaseous
insecticide, and all lice exposed -to an atmiosplhere of the
gas die witllin five seconds. As ot-dinarily used for dis-
infecting purposes and as a result of lack of penetration
sulphur dioxide cannot be depended on to kill all lice in
verminous clotlhing.

11. For the crnergency cleansing of clotlhing by means
of petrol, immersion of thie verminous clothing in petrol
reImains the inost suitable muetlhod. To secure the insecti-
cidal action of the vapour of petrol a regulated oven
would lhave to be employed.

12. The superior value of certain chlorine derivatives of
ethylene and ethane as insecticides and tlleir non-inflam-
mable properties indicate their use in the cleansing of ver-
nminonts heads. The desired result is obtained and irritant
effect on the scalp is obviated wlhen the hair is gone over
carefully witlh pieces of cotton-wool moistened witlh either
trichllorethylene or tetrachlorethane. Tetrachlorethane,
althjouglh less powerful than trichllorethylene, is very
actively insecticidal, and is to be preferred to trichlor-
ethylene on account of its less irritant properties.

RRFERE;NCES.
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MEMORANDUM ON
THE TREATMENT OF INFECTED WOUNDS

BY PHYSIOLOGICAL METHODS.
(Drainage of Infected Tissites by Hyp)ertonic Salt Solution,

adt Utilization of the Antibacterial Powvers of the
Blood Flucids and TIVhite Blood Corpyuscles.)

BY

COL. SIR ALMROTH E. WRIGHT, M.D., C.B., F.R.S.
1. INTRODUCTORY.

THE treatment of septic war wounds divides itself
naturally into three thierapeutic procedures:

(1) In the first we have a number of different aims to
pursue concurrently, and have therefore to be ceaselessly
on thje watch. We have to promote tlle destruction of the
miicrobes wlhichl liave been carried into the deeper tissues.
We have to re-establislh normal conditions in those tissues,
resolving thje infiltration in the walls of the wound and
getting rid of the infected slougIs, and we lhave to prevent
- the corruption of the discharges," and inlhibit luicrobic
growtlh in the cavity of tlle wound.

Further, during the wlhole period occupied bv tllese
operations we have to be constantly on our guard to pref
vent activo and passive movements whiclh would propel
bacteria along the lympliatics, and carry poisonous bacterial
products into tlle blood.

(2) Wlhen the miicrobes in the deeper tissues have begn
exterminated and plhysiological conditions have been
restored, and the woound lhas been rendered to naked eye
inspection perfectly clean, the difficult portion of our task
lhas been accomplished, and the tinme lias come for dealing
witlh the surface infection.

(3) As soon as tllis lhas been suippressed, or all but sup-
pressed, all our tlhouglht ouglht to be' given to promoting
thle processes of repair, bringing together the tissues, and
covering over tlle denuded surfaces.

2. INADEQUACY OF THE TRADITIONNAL METHOD OF TREATING
WOUNDS BY ANTISEPTIC APPLICATIONS, INCISION, AND
MECHANICAL DRAINAGE.

Inefficacy of Antiseptic ppl)lications.-The ordinary
antiseptic combines with every kind of albunmin. It
thereby loses its bactericidal and its penetrative power. Its
bactericidal powver is, of course, not finally abolished until
the antiseptic has encountered and combined withi its full
completmlent of albumiin. Its penetrative powver-and
penetrative power mneans capacity for diffusing outwards

tlhrouglh any medium in a chiemically active condition-is,
in the fluids of the wound, very rapidly abolished. For,
wlhen the medium whiclh is to be penetrated contains even
a trace of albumin, tIhis will immuediately quench the
"anitiseptic emzanation "-meaning by this that fractional
quantum of antiseptic wlhiclh is carried out by diffusion
into tlle surrounding fluids.
These general trutlis are firmly based upon experiment.-

It can be demonstrated that none of our ordinary anti-
septics extirpate microbes enveloped in dead or living
tissues, or in serous or purulent discharges; and that none.
diffuse into the walls CL' recesses of thle wound. The
sterilizing action of antiseptics applied in the wound will.
thus be strictly limited to the destruction of any microbes
wlhichl may be lyinjg bare; and sterilization will not extend.
beyond that portion of thie woumd surface to wlichl the.
antiseptic is actually applied.
Inadequacy of Drainage as Usually Pracis8ed.-The,

theoretical requireinents for a complete schelme of drainage
are, first, that tllere slhall be an outflow from the infected
tissues to tlle externtal surface, or to the surface of..-a
wound cavitv; and, secondly, wlhere a wound cavity exists,
that there shall be drainage from tlhat cavity to the
exterior.

Drsainage fromn the Tissntes.-In tllc customary treat-
ment of wounds, drainage fromi tllh tisstues is not specially
insisted upon-mere incision witlh or witlhout fomnentation
being assumed to do in this respect wvhat is necessary. In
reality, however, in oedema only will sufficient drainage be
given by this method. In tissues of niormal density
nothing like adlequate effision will be obtained, the lymph
flow being lhere rapidly arrested by clotting and desieca-
tioxf. And, where we are dealing witlh densely infiltrated
tissues, incisions may fail to furnish even as much as a
drop of exudation.
Drainage from the Cavity of the Wound.-Drainage

tubes, of course, do not induce any outflow of lym-nplh from
the tissues. They drain only from the cavity of the wound
-outflow ceasing as soon as ever the well head in the
tissues dries up.
Summary of Criticismns on the Traditional Mliethod of

Treating WVounds.-It has appeared above (a) that anti-
septics do not exert any effective action in the wound
either in the direction of extinguislhing the infection or
keeping down bacterial growtlh; (b) that the usual pro-
cedure of incising and inserting drainage tubes provides,
in place of that continuous welling out from the lymph,
.spaces to the exterior wlhiell we require, a drainage wlliell
rapidly stanclhes at the source; and (c) tllat in the ordinary
treatmiienit of wound,+ no steps are taken to disperse
infiltration; or accelerate the separation of the sloughs;.
or brinig antibacterial lymph or plhagocytes to tlle seat of
infection.

In slhort, the treatment of wounds by a combination of
antiseptics, incision, and mechanical drainage, is a thera-
peutic metlhod whliclh constaiitly disappoints, because it-
fails to kill the infecting microbes and at the sanme time
fails to give to the organism opportunity for ridding itself
of the infection.
And lastly-and this point cannot be too muclh insisted

upon-in the ordinary treatment of septic wounds not
nearly enough care is taken to prevent those active and
passive movements wlhichl lead to tlhe mechalnical
impulsion of microbes along the lymphatics, and to
auto-inoculations.

3. THE IDEAL OF PHYSIOLOGICAL TREAT-MENT IS TO GIVE
INTF,LLIGENT AID TO THE ORGANISM IN COMBATING THB
BACTERIAL INFECTION.

Saline dressings supply a nmeans for evoking, in the
infected wound, certain requisite physiolo,gical reactions.
By their aid we can, while at tlle samue time inllibiting
bacterial growtli, drain the tissues, resolve infiltration, and
promote the separation of tlle sloughs-besides giving
otlher assistance.

4. PHYSICAL AND PHYSIOLOGICAL ACTION OF CONCENTRATED
SALT SOLUTIONS.

(1) A conlcentrated salt solution will attract water; and,
except in the ease whlere a memnbrane whlichl is imuperme-
able to albumnin is interposed, thle outflowving current of
water will carry out- withl it the whole o^f thle protein sub-
stances whichl it holdls inl solutionl. This means thlat
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hypertonic salt solution applied -to tissues lying bare in
the wound (or to granulating surfaces) will operate as a
lymphagogue drawing out from the infected tissues lymph
which has spent all its antibacterial energy, and drawing
into the tissues from- thle blood stream lyrmph inimical to
mnicrobic growtlh.

(2) Brought into direct application upon leucocytes a
hypertonic solution (what is in view here is a solution con-
taining 5 per cent. salt) will-disintegrate leucocytes, setting.
free the trvptic ferment they contain.
Such a hypertonic salt solution will also exert a number

of inhibitory actions.
(3) It will inlhibit the action of the tryptic ferment set

free in the wounds.
(4) It will inlhibit coagulation and so prevent the sealing

up of the orifices tlhrouglh whicll lymlh pours into the
wound.

(5) It will inlhibit leucocytic emigration into and prevent
plhagocytosis in the cavity of tlle wound.

(6) It will inhibit microbic growth.

5. PHYSICAL AND PHYSIOLOGICAL EFFECTS OF NORMAL
(0.85 PER CENT.) SODIUM CHLORIDE SOLUTION.

Normal solutions of sodium chloride exercise-as manv
other substances also do-a positive clhemiotactic effect on
white corpuscles. In other words, they will wlhen applied
to tlle surface of tlle wound bring leucocytes to the
surface.
In moderately dilute solutions (solutions of 0.85 per cent.

are lhere in view) salt does not interfere withi the activity of
trypsin, nor does it inhiibit blood or lymplh coagulation,
plhagocytosis, or microbic growth.

S. THERAPEUTIC EMIPLOYMENT OF HYPERTONIC SALINE
SOLUTION IN THE EARLY STAGES OF THE. INFECTED
WOUND.

By the time the patient reaches the Casmalty Clearing
#Station his wound will generally have assumed the
characters of a lymphi bounid, infiltrated, and sloughing
wound; or it will Wb fast getting into tlis condition. And
even thoual under care, in lhospital thie wound may have
been coming out from this condition, it will, on long
journeys, when redressing is difficult, be very prone to fall
back into it. (Vide infra, Sutbsect. 14.)
The first requirement wlhen we have an infected, lymph-

bound, infiltrated, and sloughing wound will be-to get
rid of tlle coating of scab and fibrin adlhering to the surface
of the wound, and set the lymph-flow going, to resolve the
infiltration, and to promnote the separation of the sloughs.
This involves two successive operations. In the fir8t,

we make use of the lhypertonic solution 'Undiluted; in the
second, we ttirn its dilution to profit.

Stage in which t7te Hyypertonic Soluttion com?es into
-peration Undiluted.

The striking feature here will be the outpouring of
lymplh. But there will at the same time: (a) in the
depth of the tissues, (b) on the surface, and (c) in the
cavity of the wound, be- evoked otlier reactions which
cannot be directly followed by the eye..

(a) In the depth of the tissuCs tlere will be substituted
for the spent lymplh whlichl lhas been extracted lymph
fresily drawn from the blood stream. This means tlat
there will be substituted for a lymphi wllicl is favourable
to the growtlh of all microbes indiscriminately a lymplh
whiclh will stop the growtlh of sero-saprop?hytic bacteria
and imperfect 8eroPhyte8 (suc'h as tlle gas-gangrene
bacillus); and at the same time seriously impede the
growth of seropllytic bacteria, above all the growtlh of the
streptococcus.*
Further, the microbes in the tissues, whichl when im-

mersed in tlle spent lymplh were insusceptible, will, im-
mersed in the freslh lymplh, become susceptible to phago-
cytosis.
And in the induction of tlle phagocytosis in the interior

of the tissues, the imbibed salt will, we may take it, play a
contributory r6le. For we lhave seen that salt, appropriately
diluted, stimulates leucocytic einigration.

* The inhibition of nmicrobic growth obtained with the serum of the
Patient -with a- large or even moderate-sized wound is much greaterthan that obtained with a normal serum. This, as comparative experi-
ments have shown, is conneeted with the fact that the antitrypticIowor of the wounded man mounts up with very steep ascent (that is,
Sn the conrse of a couple of days), to a level 3 to 8 ti'mes higher than theaormaj.

(b) In the more superficial regions of the wvalls of the
wound and adherinzg sloughs, the hypertonic -alt solution
will break down the leucocytes and set free tryptic ferment-t
-ferment which will; as we saw, not come into action so
long as the concentration of the salt is maintained.
The coagulation of the lymph on the face of the wound

will also, as we saw, be inllibited by tllc hypertonic salt

solution.
(c) In the cavity of the. wound, microbic growtll will at

the outset be completely arrested by the hypertonic salt,
and it will,- after the lymph lias begun to pour out, be
inhlibited to different degrees according to circumstances
by the combination of salt and antitryptic exudation.
So long as the salt solution is mainttained at full strengtl,

both emigration into and plhagocytosis in the cavity of tlle
wound will be inlibited.

Sumn Total of Clinical Effects Produced by the Undiluted
Hyypertonic Salt Solution.-There will lhave been estab-
lished, in the depth of tlle tissues, conditions favoturable to
the extermination of the microbic infection; and in the
cavity of tlle wound conditions wlhiclh will restrain inicrobic
growth.

Stage in which the Dilution of the Hypertonic

Salt Solution is turnzed to Profit.
As soon as the lhyperto"nic solution in the cavity of the

wound hlas been sufficiently diluted by outflowing iymplh,
tlle salt diffuses -out from the infiltrated walls of the wound
and the sloughs; atnd witlh this tlle tryptic ferment pre-
viously set free in these comes into action, and goes about
its work of cleansing digestion-r-esolving thie products of
inflammiationi in tlle infiltrated tissues, and severing thle
connecting strands by which the sloughis are bound to the
face of thle wound.
At the same time-and this, be it noted., serves as a

signal to the eye that the dilution' of thle salt solution
lhas reached the point whliere all its inhlibitory effects are
abolislhed--leucocytes emigrate into the wouind, and the
discharLge begins to assume a purulent character.
Now, also, the bacteria begin to m;ultiply in tlle cavity

of tlle wound.
We cannot afford to let all this go on very long un-

clhecked. For as m-ore and more trvpsin finds its way into
the exudate, or is set free in it fromi leucocytes dis-
integrated by microbic poisons, tlhe effusion comes to
furnislh a more and more congenial nutrient m.edium for
microbes, and the check imposed by phagocytosis is more
and more completely removed. Fi'inally, tlle exudate
becomes tryptic, anld if the redressing of tlle wound is any
longer delayed,ground will now be rapidly lost (vide infra,
Subsect. 12-Indications which call for the redressing of
the wound).

It will have to be remembered, in conlnexion with tllis
description, that the conditions Will in every wound be
perpetually changing, and that these changes will not
keep time in the different parts of a large wound.

7. UNDER CERTA1N SPECIAL CIRCUMSTANCES THE HYPER-
.TONIC SALT SOLUTION SHOULD BE USED IN A DIFFERENT
WAY.

Method in' which Hypertonic Salt Solution should be used
,when Gas Gangrene, Streptococcic Cellulitis, or other Actte
Tissue Izfection su,pervenes, or 'where we ar)e dealin.g with-
an Infection of a Joint.-Our whlole concern here must be
to draw out as rapidly and exhiaustively as possible the
cortrupted lymph whlich occupies the tissue spaces, re-
placing this witlh uncorrupted lymplh drawn from tlhe
capillaries. To aclhieve this we must, after freely incising
tlle tissues, or opening the infected joint, apply hlypertonic
salt solution and maintain this in full strengtll until we
have got the upper land of the infectioln.

f The presence of trypsin in the wound can be very easily demon-
strated. We need only collect a sample of pus or slough on a snall
swab of cotton wool; initroduce this inte milk containing iper cent. of
calciumi1chloride cryst., and then p ace.this at a temiiperature ot 50°to
55°C. (that is, in water just not too hot to hold one's hand in). If
trypsin is present the milk will now rapidly clot. But it mnust be
borne in mind in connexion with clotting obtained with a slough that
since, uinder the conditions of the experiment, we dilute our material.
our test will give a positive result even when we have in the wound
sufficient salt to prevent the ferment being actually operative.

This lymph has ordinarily lost some, and in very severe infections
it may have lost all. its antitryptic power. Further, in gas gang. ene-
and let we here interpolate that we have in gas gangrene, when fully
developed, a profound acid intoxication-the lymph in the focus of
infection often shows a much diminished alkalinity.

-Tux IDninsm 1
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Method in which the HypertonicSalt-Solution should be
tsssecd where we -are threatened with Secondary Haemo-
rrhage.-Our aimii and object- lere must be to prevent anv
digesiive actici- in -tlhe neiglibourbood of tlhe endangered
artery. Translated into practice t-his means that we must
apply hiypertonic salt soluition and maintain it at full
strengtlh so as to prevent any trypsin which mwy be
liberated in the wound coming in-to action.

8. GENERAL INSTRUCTIONS FOR THE CARRYING OUT OF THE
LINES OF TREATMENT INDICATED ABOVE.

Concentration in which the HIypertonic Salt Soluition
otught to be brought into Applico t on.-For all ordinary
purposes the best hypertonic solution to employ is a 5 per
.c.ent. solution, of cormmon salt. Wlhere we require miiore
vigorous lymphagogic effect we may resort to a 10 per
cent. solution, or even to a stronger solutioni. But these
are very painful wlhen applied to -skina edges and Asensitive
granulations; and salt applied in saturatedl or nearly
saturated solultions %yill often cause sloughing of the
superficial tissues (vide Sutbsect. 10, Footnote).
Most Convenient Form of Stock SoIltion to keep on

Hand.-The nIost convenient stock solution to keep on

hand is a saturated saline solutioni, made by shaking up
water witlh an excess of salt and tlhen allowing thlis to
settle. Such a solution contains at ordinary temperature
35 per cent. of salt.

Diluted 1 part of the saturated solution with 6parts of water
it gives a 5 per cent. soltution.

Dihuted 2 parts of the saturated solution with 5 parts ofwater
it gives a 10 per cent. solution.

Diluted 1 part of the saturated solution with 39 parts of water
it gives a 0.85 per-cent-. (physiological solution).

N.B.-Hot water shouldt be employed for making the
diluttions requaired for saline dressings and irrigations.
For the physiological -eactions which are to be evoked,
whether these be active hyperaemia and transudation, or

t-ypttic digestiont, or emigration and phagocytosis, are all
imjedeled by colcl and favoured by heat.

9. METHOD OF APPLYING HYPERTONIC SALT SOLUTION SO
THAT IT MAY PRODUCE AN ADEQUATE LYMPHAGOGIC
ACTION, AND AFTERWARDS PROVIDE OPPORTUNITY FOR
DIGESTIVE, CLEANSING OF TEE WVOUND.

This will be the proper way of einploying hypertonic
salt solution in the infiltrated and sloughing wound. The
following are the poinits to be borne in mind:

(a) For the achievemnent of an adequate lymphagogic
effect, we must use quite considerable quantities of- hyper-
tonic solution. Tlle dressings ouglht to come directly out
of the hot solution, and be applied dripping Wet.

(b) In order that there may follow upon the lymplhagogic
action a cleansing di(gestion, the amlount of salt employed
muist be kept within such liilits as will allow of its beinig
witlhin a reasonable pJeriod diluted by tlle outflowisig lym1phI.
In otlier words, we miiust not use too slluchl hiypertonic salt
solution, nor use too concentrated a solution; nor supple-
ment with large packs of saturated salt solution or salt
tabloids."

In order to anticipate that pullulation of niicrobes whicll
will supervene wlhen the exudate becomes tryptic we
oughit to redress the wound as soon as the discharge
begins to be purulent.
The procedure iin carrying out these principles will, of

course, vary accotding to the anatomical conditions of the
wound. In point of fact, tllree different anatomaical tvpes
of wound lhave to be conlsidered:

(a) The wound wllicll fronl the beginning lay fully open,
or wl)ich1 hias been opened up so as to render every portion
of its surface fully accessible;

(b) The wound wlhere, owing to folds, or blind passages,
or a tunnfelled way, portions of the surface are not fully
accessible; anid

(c) Tubular wounds wlhich are througlhout their wlhole
course more or less difficult of access.

(a) In the first case we lhave only to pack the wound
witlh gauze thioroughlly wvetted in hot 5 per cent. salt
solution. AWre cover this in witlh any impermneable tissue,
such as jaconet. Wlhen the time comes for redressing the
wound all trace of pus ought, before reapplying the saline,

* In this connexion it will be well to emplhasize that to fill into the
wound cavity large plumbers of .salt tabloids jnust bh pronounced
wrong practico in tlhe case whiere we judge the wound to be one which
stands in need of digestivo cleansing.

to-be carefully removed. For pus treated witlh-strong salt
is converted into a sticky -intractable substance wlich
forms an impermneable coating on the walls of the wound.

(b) Where the woutnd is pocketed or tends to flacp together
the best procedure is to employ a batlh of warm 5 per cent.
saline. Should the position of the wotundr render immler-
sion in a batlh impracticable, it oughIt to be irrigated with
warm 5 per cent. saline solution, the fluid being distributed
over the whlole surface of the wouInd by ani arranigement
of bandages.' The batlh or irrigation ouglht to be discon-
tinuous-intervals for digestive cleansing alternating with
periods of lympbagogic and loucocytolytic action.

(c) WlIere wve hiave a tubal-ar wound it will, of course,
be futile merely to insert a drainage tube, and cover its
mouth witlh a piece of gauze wriung out of hlvpertonic salt
solution. The rational procedure will here be to mnake
windows in the tube, to cut it open longitudinally, and to
lay into tlle lhollow a folded strip of gauze, tlhoroughly wet
witlh saturated salt solution. Tlle tube thus ari-ved is to be
introduced into the wound after this lhas been syriuged
witlh 5 per cent. saline.--

10. METHOD OF APPLYING HYPERTONIC SALT SOLUTION
WHERE WE WANT TO MAINTAIN ITS STRENGTH UN-
DIMINISHED, SO AS TO OBTAIN ITS FULL LYMPHAGOGIC
EFFECT AND SUPPRESS ALL DIGESTIVE ACTION.

It will be remembered that this is the way ill wllich
hiypertonic salt solution slhould be used whlere we are
tlhreatened with secondary lhaemorrlhage, or are dealing
witlh an infected joint, or with gas ganjgrene infection, or
streptococcic cellulitis (vide sttpra, Subsect. 7). Let uis
consider lhow, usinig the ordinary hypertonic solution and
the stock of solution of saturated salt, to effect ourL object
in the thiree types of wound already referred to-tlhe coi)n-
pletely accessible, the incompletely accessible, and the tunnel
wound.

(1) In the first variety of wound we, as before, pack with
gauze thoroughly wet with. 5 per cent. salt, but now reinf-
force by a backing of gauze thorouglly wet with saturated
salt solution, and, as before, cover witlh somile imiipermeable
material. Or, as an alternative, we at short intervals renew
the hypertonic solution, feeding this in withl a syrinige
tllrouglh a drainage tube going down to tlle face of tlle
wound. "

(2) l the case of the only partially accessible qvound we
-resort as before to a batlh of 5 per cent. saline or to
irrigation witlh this solution, varying our procedure only
in tlhe respect that we ,make the- bathing- or irrigation con-
tinuous, or as nearly as possible continiuouis. Whlen
itnulersioii in : bathi and irrigationi are both-impracticable
the wound ougrht to be dressed as in (1).

(3) In the case of tlle tumnel wound, we at short intervals
renew the supply of salt; first withdrawinig th1e old wick;
tlhen syringing out 'with 5 per cent. of stalt; and then
substituting for the old wick a new one taken freslh fromn
saturated salt.

f This procedure mitht at first sight seemn -open to objection, (a) on
the ground that saturabed salt so utionI would lhere be brought inito
apl)lication upon the tissues; and (b) oti the groun(d that to obstruet
a di-ainage tube by gauze would be to render it uiseless. In connexion
with tlhe former objection, it will suffice to poinlt out that direct con-
tact of the saturated salt solution with the tissues is avoidled by. tlhe
interposition of the wall of the tube; anld that the salt in the wick
will come into operation only throtugh the imie lium of the wealker salt
solution witlh which the wound has beein syriiged out In coniiexion
with the latter objection, consid-ratioii vill sliow that it is only in
ordinary drainagerx v(iciLo; that is, it is only wlhen we aim at keep)ing
our wvound cavity emapty, and when we are dealinig with v.scid l)IIS, and
when unaided gravitation supplies in our schelnse dramnage otur whole
miotive force, that it becosnes incumibeat to provide an uniobstructed
conduit to the exterior. In draihage ex pleno suclh as is here Proposed
we deal with a watery lym-riph effusion which wells over froim the
wound; and which only hermetical sealinig could banik back

Anotlier mtiethod whiich hsls been extensively practised is that of
packing the wound with tabloids of salt, holding tihese off from actual
contact with the tisstues by several folds of g LUze This would seeni
to give in different cases different results. In certain cases -suich as
wheni an open knee-joint is packed with tabloids of salt, disposed
t- rorghout the gauze with close anid regtilar inter-sp icing-the
inte, ior of the wound remains perfectly dry. The explIauiation wotuldI
seem to be that the salt here comnes into application in the forin of a
saturated solution all over the surface of the wouind, con(lenising the
tissuies tuntil they become iihipermiieable to lymnph ; and at the saimie
tim-e pickling them in such a way as, ) -rhaps, to restrain all micrlobic
growtth in their inter or. In other cases-for examnpe, where a bagful
of ttabloids is introduced int) time well of a large wouind-there is
obtaitned the ordinary lymphagogic effect. Here it wotild seemii- tha-t
the saltoperates in formii of a saturated soltution uipon. th- portion of
the wound only lying nearest to the tabloids. And lherembouts the
tissuies look and feel -exactly like pickled meat. In regionis more
remiiote fromn the tabloids the salt will natorally be mtuch less con-
centrated.. And it is presumably fiom these regions that the copiout
lymph outflow is derived.
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11. NATuRE OF THE EXTERNAL COVERING TO GO OVER
THE WET SALT DRESSINGS.

The most usual practice is to place immediately ouLtside
thje saline dressinlgs athicik packing of dry cotton-wool,
and again outside this a bandage. Thisseem s to be
dictated by the idea that thle cotton-wool will soak up the
discharges, and the notion that thle capillarity of the
cotton-wool, and evaporation from its outer surface will
reinforce the drawing action of the salt. In point of fact,
however, all the cotton-wool does is to suck out some of
thle salt solution from the dr-essings, and to evaporate this
to dryness, putting in this way a certain quantum of salt
out of action. Moreover, the notion that capillary action
and eva-poration would promote drainage from the tissues

isi in conflict witk everyday experience, which shows that
wlhen we apply a dry dressing or let a wet dressing
evaporate, the outflow of lymphl from the wound ceases,

and:thle dressing stickis to its surface.
The rationalme:thiod of covering in saline dressings is to

use, instead of cotton-wool, an impermeable covering.*
Thlen, instead of the salt solution being carriedoutwards
by capillarity and evaporation, it will, by diffusion, be
carried inward.
Tle(lifficulty that with this formii of dressing discharges

v- ill escape from under theimnpermeable covering can be
met eitlher by frequent redressing or by placing cotton-
wool outside the jaconet.
In the case of woulnds ofthe extrenlities perhaps the

simiplestlymetlhod of all is to dispense with all coverings
overtlle salt dressings, miierely renewing the salt packs at
frequent intervals. Butlhere, if we want to clean off
slouglhs or resolveinfiltration,weslhalllhave to alternate
with ourdlressinas oflhypertonic saline solution dressings
of physiological saline solution.

12. INDICATION3 WHICII CALL FOR THE REDRESSING OF
THE WOUND.

A septic wouind requires to be redressed under twvo quite
differenit conditionis.

(a) It requires redressing as soon as tryptic ferment is
Set free in the cavity of the wound, suclh trypsin being set
free froml leucocytes broken down byrnicrobic growtlh.
Forlhere. as soon as the originally antitryptic. exudation

becomes tryptic, allimanner of sero sapropilyticmicrobes
willmultiply unrestricted; and bacterial poisons m-iay be
absorbed; and, at the same time, plhagocytosis will be
inlibited; wlhile tlle yotung tissue elemlents,wwhich are
the agents of repair, wili be subjected to destructive
digestion.

(b) Again, every septic wound ought to be redressed as
soon as it becomes lyinpl-bound.
For as soon as the exudation stanclhes and lymph fresh

from the blood ceases to come into application, tlle
microbes in tlle tissues, being now no longer inhibited by
their growt1h. or plhagocytosed, find congenial conditions
and multiply.

It requires to- beemphasized in connexion with these
two indications for redressing that in the case of the septic
wound intervention is much less urgently called for, where
we have retention of corrupted discharges, than where the
wouLnd becormies lyntlih-boutnd.

Ih the case of the former all we have to fear is a pullula-
tion of microbes in the cavity of tlle wound, some absorp-
tion of septic products, and sonie injury of the tissues of
repair.

In connexion with a lym)ph-bound wound we mnay at any
moment liave a wide extension of tbe tissue infection,
taking the form of gas-gangrene or streptococcic cellulitis.

13. PRINCIPLE UPON WHICH CASES OUGHT TO BE CHOSEN
FOR REDRESSING WHERE PREFERENCE MUST BE GIIVEN
TO THE MORE URGENT.

Wlhat lhas been said above on redressing ought to be
specially kept in minld wlhere it is impossible to inspect and
redress every wouLnd.
In suclh cases the surgeon lhas, as a rule, simply ptursued

the practice followed in ordinary aseptic operation wounds.
Tlhat is, lie lhas witlh a view to preventing the invasion of

* The prejudice against the use of imnpermiieable coverings no doubt
originates in the observation that discharges, w en confined after
they have become try-ptic, will set to work and digest the surface of
the wounid. The proper remedy is not to discard the imipermeable
coverinig, btut either to redress before the discharges become tryptic,
or prevent them becoming try-tic.

microbes from without, redressed the cases whiere- the dis-
charge has soaked through, giving to these preference over
those with unsoiled dressings.

In septic wounds-forhlere tlelmnicrobes arc in the
citadel and not outside the walls-we oughlt to follow an
exactly opposite policy. Whiere the outside dressings are
wet withi discharge, in othler words, when presumnably

lymyphi is being actively poured out, we may be confident
thlat the wounid is not coming to anyhlarm. Wem-may

accordingly, when other work presses, quite properly post-
pone redressing suchl cases. The contrary willhlold of a
gravely wounded man whose dressings are unsoiled. In
suclh a case it is always possible that we may underneath
quite clean dressings have a lyimphl-bound wound. We
oughlt without delay to satisfy ourselves withl respect to
thiis.

14. PRECAUTIONS TO BE TAKEN IN HANDLING THE WOUND
TO PREVENT AUTOINOCULATIONS AND A DISPERSALOF
SEPTIC INFECTION ALONG THE LYMPHATIC CHANNELS.

Like the acutely sicli all the wounded aresuffering fromi
a bacterial infection. And the same generaltlherapeutical
principles applv. So long as microbes in large numbers
areharboured in the tissues welhave pyrexia.Anld the
patient's condition will be aggravated by all dispersion of
the infection and absorption of bacterial poisons into the
blood. So that in every case the infected man will need
to- be kept at rest; and the reallylheavily infected will
require to be kept at absolute rest.
Tl'his requiremlent is, of course, in the case of those
suffering from infected compound f-actures miore or less
perfectly complied witlh by the application of apparatus
for fixing the limb.
But naot only wounds complicated by fracture, but all

wounds with tlle infected tissues in their neiglhbourhood,
oughlt so far as possible to be immobilized. Moreover,
tIlis ought to be begun immediately after the wound hias
been intlicted, and to be continued so long as appreciable
infection persists in the depthl of the tissues.

In connexioni with operative procedures it is, of cou-se,
impracticable to conform comipletely to this requiirement.
But none tlle less the requirement slhould never be lost
sight of. It is scientifically reprelhensible to cast loose, as
is so often done under an anaestlhetic, a fractured limb
from all splinits, deliver it over to an orderly for eiiergetic
washing and disinfection, and permit the foot or hand
below the fracture to be used as alhandle for raising or
turning over the limib. All the necessary passive mnove-
ments ought to be reduced to an absolute minimum. And
the light hand of tlle skilful surgeon will, in operating on
an infected case, be a very valuable asset.

In the same way, seeing tllat very efficient apparatu.s
lhas now been devised, fractured limbs ought no longer to
be put up in such a way as to allow of sagging or displace-
ment during redressing.

Again, in clhanging the dressings on large flesh wounds
on an arm or leg, great care ouglt to be taken not to
manipulate, or flex or extend, or unnecessarily distu-b tlle
position of tlle limb.
It is difficult to doubt that when tlhese precautions are

neglected bacteria from the infected area will be propelled
along the lymphatic channels in tlle direction of the hleart.
And measurements of thle opsonic power of the blood and,
indeed, sinmple inspection of the clharts, estabiish tlhat all
readjustments of the position of a fractured limub, and
probably all redressing of large wounds, are followed by
elevations of temperature corresponding to very serious
autoinoculations.
The samie will, of course, apply to slhocks and jolts

received wlhen tlle infected patient is being carried from
tlle ward to tlle operation theatre, or is being transported
by train or motor.

15. MANNER IN WHICH WOUNDS SHOULD BE DRESSED IN
PREPARATION FOR LONG JOURNEYS DURING WHICH
THEY CANNOT BE KEPT UNDERP CLOSE OBSERVATION.

.Wlhat~has been said in thle precedinrg subseCtionS hias an
important bearing -upon tlle procedure to safeguard thle
patient against tllat delay in redressing wlliclh is inevitable
during the long lhours wlichl will be consunmed in travelling
from the front to tlle base, or from the base to England,
and in settling down into-a new liospital. The danger
from microbic pullulation in the cavity of the wound an.d,

microbes flom vrithout, redressed the cases whelethe aiS-



JUNB 3, x-I6) TREATMENT OF INFECTED WOTJNDS. r TuBaz 79LM3DAL JQ 797

tryptic digcstio-n,.and, on thle otlher laund, t4e much graver
danger of a tissueo infection taking origin mn a lymph-bound
wound, lhave lhere to be provided against. Tliis 'meanis
that we lhave to arrange f6r a continOous -oiut-ow of
lymplh, and at tllc same time to arrainge for the surface-of
the wound being kept tlhooughlly wet.

Tlhe roper course will be to dress tlle wound as incdi-
cated iu Subs8at8. 10 and 11, s8lpr, applying..outside the.
impermceable covering dry cotton-wool. -Tllhus treated the
patienit nmay arrive at hiis destination with. soaked
diressings, bLut hie is not likely to arrive witlh corrupted
pus, and we can be practically certain that lhe will not
a'trive witlh a tissue infection spreading from a lymphi-
bound wound.

16. METHOD OF CORRECTING CERTAIN UNDESIRABLE AFTER-
EFFECTS WHICH MAY SUPERVENE UPON THE ILL-
CONSIDERED, OR TOO LONG CONTINUED, USE OF HYPER-
TONIC SALT SOLUTIONS; AND INDICATIONS AS TO WHEN
THE HYPEIlTONIC SALT SOLUTION OUGHT- TO BE DIS-
CARDE-D IN FAVOUR OF A WEAKER SOLUTION.

The raticnate of the thjerapeutic employment of hyper-
tonic solutions is, as we llave seen, to be found in the fact
that (1) tlley drain the tissues; (2) break down the leuco-
cytes in slouglhs and in thie walls of tlle wound, and so
give us, quite apart fromn any destruction of leucocytes by
microbic agency, the trypsin we require for the digestive
cleanising of thje wound; (3) they produce active byper-
aemia; (4) prevent clotting of the lympli in the walls of
the wound; (5) suspend the action -of the tryptic ferment
set free from the leucocytes; and (6) inlhibit bacterial
growtlh-tlhe inhibitory actions -last in- question being
exerted only so long as the strength of the salt solution is
maintained. In addition-but tllis counts of course as a
disadvantage and not as a tlherapeutical asset-hiypertonic
silutions repel leucocytes and prevent plhagocytosis.

If we want, in emploving hypertonic salt solution, to
turia its therapeutical qualities to best advantage, we must
be continiually on1 the watclh to anticipate and correct any
of the defects of its qualities.

(1) Wlhere blood contiuuies to ooze from an operation
stuimp or wound wlliclh hias been packed witlh hjypertonic
salt solutioln, this will be due to thiis anticoaoulative agent
lhaving boeen applied before bleeding lhas stopped. Tfhe
proper procedu-re will always be to postpone tlhe use of
hlypertonic salt until all oozing of blood lhas ceased.
Applied tlheni, tllh salt wvill not resolve tlle blood clot; and
where tlhe lhypeirtonic solution applied is a 5 per cenit.
solution, a very little dilution will brinig it to thle point
when blood clotting will no longer be inhjibited.

(2) Whiell the face of the wound is found covered witlh
a firmiily adlhe-ent glutinous coating, this lhas been derived
from leucocytes broken down by the direct application of
strong salt.

Tl'lie way of avoiding tllis obstacle-it is, as a matter of
fact, a serious obstacle to effective draining and irrigation
-is to clealn out all pus from the wound before bringing
the lhypertonic salt solution into application.

(3) Where, as very rarely hmppens, the granulations
become oedematous this will be due to the over-prolonged
application of concentrated salt solutions.

It would seem that hiere the salt wlhich is imbibed inito
the granulations is not sufficiently promptly carried off by
the circulation, wvitlh tlhe result tlhat fluid is dirawn into
the salt-impreguated tissues, botlh fronm the underlying
strata and also, when their salt content diminishes, from
the discharaes.
The remuedy will be to discontiniue the application of salt,

and to apply lhot tomentations in order to activate tlhe
circulation anid promnote absorption.

(4) Wlherc thle granulations assume a brighlt coral red
colotur and bleed at the least touclh, it will be well to reduce
tIle conecntration of the salt solution-in the case wlhere
drainage of the tissues is still required to 2.5 per cenit., and
in the case where no furtlher lymplhagogic effect is required
to 0.85 per cent.

(5) Quite apart from tlle development of any undesirable
secondary effects, it will be wvell, as soon as-every trace of
induration hlas disappeared and all slonghs hlave been got
ridl of, to substitute for th3e hlypertonic a physiological salt
solution.

Thle 'rationale of thlis is thlat there will- here -still remlain
on thse fa-e of thle wound, even thlough it looks to thle

paked eye perfectly clean, sorophytic microbes, which,
though quite at lhome in the weruui, can be killed by
phagoeyto .

''Iu. order to kill thlese- and lt Ps note that they are iot
killed but only inhibited in their gr9wtli by lhypertonlic salt
soltitioni-we mlust briing leucocyte4 to the- surface of the
wounid.

17. THERAPEUTIC APPLICATION OF PIIYSIOLOGICAL SALT
SOLUTJAN.

What remains to be done is (a) to destroy the serophytic
bacteria--.streptococci anid- stalphylococci-which still sir-
vive utpon the face of thle wounid; and -(6) to reduce the
extent of surface lying open to inifection, olildig before
ourselves always as an ideal the closure of the wound by
secondary suture.

Destruction of the Serop7iytic MIicrobes remnaining o01
the Face of the TWotnd.-A sturface infection suclh as -we
have still to deal with can be effectively comiibased by
keepinig the woind wet witlh physiological salt solution, and
redressing at shlort intervals. The application of plhysio-
logical salt soluition will, as we hiave seen, promote the
emigration of plhagocytes, tllc frequent redressing will pre-
vent thie setbacl that will occur every time that leuco-
cytes die off and set free tlheir trypsin in the wound; anid
the combination of the two will, in the casw wlhere the
deeper tissues have been freed fromi infection, eitlher exter-
minate the surface infection, or at aniy rate so nearly
exterminate it as to mnake it safe to emnbark. upon au
operation for the closure of the wound.

18. FINAL STAGES IN THE TREATMENT OF THE WOUND.
Conditions etnder which TVoundls mitay be Closed by

Secondary Suture.--Secondary suturo may be safely
embarked upon wlhen we lhave favourable bacteriological
conditiols in combination with favourable anatomlical
conditions.
The bacteriological conditions may be pronounced favour-

able wlheni (a) microscopic examination of fluid from the
depth drawn out by a "}lymlplh leech"'; or, failing this,
clhnDical evidence poinlts to the probability of our lhavingZ
got rid of all the deep infection, anCdt wlhenl (b) stained iln-
pression preparations nmade fronm the wound surface slioxv
that we lave there large niumiibers of perfectly well-con-
ditioned polynuclear leucocytes, and a complete absence of
microbes, or only lhere and there a stray iicrobe.
The anatotmical condiitiolns arc favourable whlenl we cani,

witlh or withoout undercutting, brinig togetlher the skin
e(dges withiout putting too great a straini upon the sutures,
or leavinig underneath any iollowV spaces. Tlie operation
of secondary suture nay be undertaken eitlher before the
wound suIrfaee are covered in witil granulatioIns, or7 suib-
sequent to tliis-thle formier of these dates being, froml tlle
bacteriotogical poinit of viewv, tlho rmore favouirable, in thie
respect that there will be less risk of infection tlurkina
below the surface.

It will, in every case, be advisable-for the conditions
may change witlhin tlhe, lapse of a few h1ouIs-to let the
operation follow immediately upon the examination of tlhe
inpression preparations.

In conuexion witlh secondary sutuire, as in every otlher
case wlhere a wound is sewnl u)pwithout adeqUate guaranitee
for its asepticity, it wvill always be itijperative to keep the
patient under the anxious observationi of the operator for
at least a weelk afterwards.

Proceditre Wiere tHe Wound cannot be Cl08ed by
Secondary Suttire.

Whlen the anatoniical conditions do not allow of tlhe
woulnd being closed by secondary suture, we must fall
back on tlle policy of persistently combating the surface
infection, consolidating the graniulationis, and encouraoing
the covering in of these by epitheliumi. In the present
state of our knowledge perlhaps the best we can do will
be to employ dressings of phlysiolog,ical salt, or, better, of
Ringer's solution (for ibis contains a large assortment of
plhysiological useful salts), redressina the wound fre-
quently. Where we are dealing witlh a large defect of
skinl, grafting m:ay usefully be resorted to.

RI.FEThENCE,.
1 See the author's Ma60oanduniX on the Irrigation of Wounds.
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